998 M. Hirotsu et al.

by IL-1f and the enhanced secretion of IL-8 from
epithelial cells and neutrophils [6,9], and thus can be
identified as neutrophilic CRS with nasal polyps.
Recently, polyps found in the Asian population
were suggested to represent a neutrophilic disease
[10]. A number of studies have confirmed the effec-
tiveness of long-term and low-dose macrolide ther-
apy, which has been established in Japan for the
treatment of neutrophilic CRS with or without nasal
polyps [11]. One of the major mechanisms of macro-
lide therapy includes its suppression of the influx of
neutrophils through the inhibition of II.-8 production
[12], suggesting a strong contribution of neutropﬁils
to formation of nasal polyps.

Since neutrophilic CRS is often influenced by a
predisposition to bacterial infection, and eosinophilic
CRS is likely to be developed by allergic antigens,
differences in the microbiology between the two
pathologies of CRS can be expected. In the present
study, we prospectively investigated the bacterial find-
ings from the maxillary sinus in eosinophilic and
neutrophilic CRS, which were compared in terms
of the underlying histopathologies of the sinonasal
mucosa. '

Material and methods
Patients

Seventy padents with CRS with nasal polyps
(19 females and 51 males, ranging in age from
22 to 80 years, mean age 50 years), visiting the
Department of Otorhinolaryngology of Juntendo Uni-
versity Hospital between January 2009 and May 2010,
were enrolled in this study after giving informed
consent. The study was approved by the ethics com-~
mittee of the Juntendo University Faculty of Medi-
cine. CRS with nasal polyps was diagnosed based on
the criteria of the European position paper [2]. None
of the patients were treated with antibiotics, systemic
or topical corticosteroids or other immune-
modulating drugs for at least 1 month before the
surgery. Patients with CRS with nasal polyps associ-
ated with current signs of purulent nasal discharge,
chronic obstructive pulmonary disease, diffuse pan-
. bronchiolitis, fungal sinus disease, congenital muco-
ciliary diseases, or cystic fibrosis were excluded from
this study.

Sampling of tissue and effusion specimens

Surgically removed human nasal polyps located in the
middle meatus were obtained from the patients with
CRS. The samples were fixed in 10% formalin,

embedded in paraffin wax, processed routinely, and
stained with hematoxylin-eosin. The sinus effusion
was collected by a microtip cotton applicator through
the enlarged ostium of the maxillary sinus.

Criteria of eosinophilic and neutrophilic polyps

To evaluate the degree of the cell infiltration, two of
the authors independently counted the numbers of
eosinophils and neutrophils in three fields with cell
clusters using light microscopy (X400 magnification).
The number of neutrophils in the sinus smear was
semiquantitatively assessed on a grading scale: (),
absence; (+), sparsely scattered in the field; (++),
between (+) and (+++); (+++), forming clusters.
Eosinophilic polyps were defined as those with eosin-
ophil counts of more than 200 per microscopic field.
Neutrophilic polyps were defined as those with neu-

_trophil counts of more than 20 per microscopic field

or neutrophil amounts of more than (++) in the sinus
smear cytology.

Bacterial culture

Before surgery, the nasal vestibule was sterilized with
0.02% chlorhexidine gluconate swabs. Samples for
bacterial culture were collected with a microtip cotton
applicator through the enlarged ostium of the maxil-
lary. The specimens for all bacterial culture were
promptly transported in culturette tubes kept moist
with Stuart's bacterial transport medium. All speci-
mens were inoculated onto 5% sheep blood agar,
chocolate agar, Columbia anaerobic blood agar,
and Drigalski agar.

Statistics

" Comparisons of the culture were analyzed by a chi-

square test. A p value < 0.05 was considered to be

significant.

Results

Twenty-nine patients (8 females and 21 males, rang-
ing in age from 27 to 80 years, mean age 48 years) and
41 patients (11 females and 30 males, ranging in age
from 22 to 77 years, mean age 53 years) were clas-
sified as having eosinophilic and neutrophilic CRS,
respectively.

A total of 51 isolates of bacteria were recovered
from 26 patients with eosinophilic CRS with nasal
polyps. Three patients showed no growth, whereas
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neutrophilic CRS with nasal polyps showed 84 isolates
in 40 patients and no growth in 1 patient. The
isolation rate of bacteria showed no significant differ-
ence between eosinophilic (90%) and neutrophilic
CRS (98%)).

Table I shows the bacterial profiles of eosino-
philic and neutrophilic CRS with nasal polyps.
Aerobic bacteria were found in 25 patients (86%)
in eosinophilic CRS, which was not significantly dif-
ferent from that in neutrophilic CRS (40 patients,
98%). Methicillin-susceptible Staphylococcus aureus
(MSSA) was the most frequently detected bacterium
in both groups. Although the isolation rate of each
type of aerobic bacteria was compared between the
two groups of CRS, no significant differences were
obtained for any aerobes. The number of detected
aerobic bacteria such as MSSA, microaerophilic
streptococci, and Klebsiella oxytoca found in eosin-
ophilic CRS was 14 (48%), while 21 species (51%)
were found in neutrophilic CRS, which was not

significantly different. The rate of isolation for only-

indigenous bacteria such as coagulase-negative

Table I. Comparison of the aerobic bacteria detected in eosino-
philic and neutrophilic chronic rhinosinusitis (CRS) with nasal
polyps.

) Eosinophilic =~ Neutrophilic

Detected bacteria CRS CRS
Bacillus 0 1
Citrobacter freundii 0 2

" Citrobacter koseri 2 1
Coagulase-negative staphylococci 16 23
Corynebacterium i 6 13
Enterobacter aerogenes 2
Enterococcus faecalis 1 1
Eschericha coli 1 1
Haemophilus influenzae 1 0
Klebsiella oxytoca 1 1
Klebsiella prieumoniae 0 1
Microaerophilic streptococcus 1 2
MSSA 7 10
Pasteurella multocida 0 1
Pseudomonas aeruginosa 3 3
Serratia marcescens 0 1
Staphylococcus epidermidis 3 3
Staphylococcus Iugnensis 1 1
o~Streptococcus 0 1
B-Streptococcus 0 3
Streptococcus milleri group 0 1

MSSA, methicillin-susceptible Staphylococcus aureus.
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staphylococci (CNS) and Corynebacterium was
31% in eosinophilic CRS and 34% in neutrophilic
CRS.

Comparison of the profiles of anaerobic bacteria in
eosinophilic and neutrophilic CRS with nasal polyps
is summarized in Table II. Five isolates of 3 types of
anaerobic bacteria were recovered from eosinophilic
CRS, whereas neutrophilic CRS had 11 isolates of
7 types of anaerobes. The isolation rate of anaerobes
in eosinophilic CRS (17%) did not differ from that
in neutrophilic CRS (15%). Although Prevotella/
Porphyromonas, Peptoniphilus asaccharolyticus,
and Peptostreptococcus anaerobius represent patho-
genic anaerobes, the isolation rate in the patients with
eosinophilic (10%) or neutrophilic CRS (15%) was
not significantly different.

Discussion

The present study unexpectedly failed to demonstrate
differences between bacterial profiles of eosinophilic
and neutrophilic CRS with nasal polyps. We previ-
ously proposed that IL-1fB derived from bacterial
infection induced the secretion of IL-8 from epithelial
cells and neutrophils, leading to neutrophil accumu-
lation in the sinus mucosa and cavity even in those
subjects without an infection [12]. On the other hand,
eosinophil infiltration into the nasal polyps is associ-
ated with eotaxin and RANTES, which are driven by
Th2 and Th17 cytokines [6,13]. Niederfuhr et al. [14]
reported that there was no significant difference in the
bacteriologic features between Th2-shifted CRS with
nasal polyps and Thl-dominant CRS without nasal
polyps. Since the eosinophil response as well as the
inflammatory compromise [15] is reported to be
mmuch higher in bacterial infection than in viral

Table II. Comparison of the anaerobic bacteria detected in
eosinephilic and neutrophilic chronic rhinosinusitis (CRS) with
nasal polyps.

Eosinophilic Neutrophilic
Detected bacteria CRS CRS
Actinomyces 0 2
Micromonas micros 0 1
Parviromonas micra 0 1
Peptoniphilus asaccharolyticus 2 2
Peptostreptococcus 0 1
Peptostreptococcus anaerobius 0 1
Prevotella porphyromonas 1 3
Propionibacterium 2 0
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infection, Th2 responses may be triggered by bacterial
antigens as well as inhalant antigens. A new paradigm
of Th17 has been applied to the recruitment of
eosinophils and the remodeling of the nasal polyps
of CRS [13]. On the other hand, IL-17 is known to
restore neutrophil recruitment resulting in reduced
bacterial burden [16]. Thus, underlying pathogeneses
of both eosinophilic and neutrophilic polyps could be
attributed to the presence of bacteria acting through
different mechanisms.

Numerous studies have reported the recovery of
bacterial pathogens from patients with CRS and con-
cluded that the predominant isolates are anaerobic.
Brook [17] summarized 17 studies of CRS that
attempted to recover anaerobes and included 1758
patients. Anaerobes were recovered in 12-93% of the
patients. These data indicated that anaerobic bacteria
can be isolated in more than half of the patients with
CRS when adequate methods are utilized. The pres-
ent study showed a relatively low rate of isolation of
anaerobes as compared with previous studies, which is
probably due to the methodologies for collection,
transportation and cultivation, and previous antimi-
crobial treatment. ’

CNS and Corynebacterium were recovered from
CRS as major isolates in the present study, which was
similar to previous studies [18,19]. Since these
organisms are isolated from the sinus mucosa in
healthy patients, they cannot be considered patho-
genic per se [19]. They could play a role in CRS only
in association with the presence of other bacteria,
particularly anaerobes. Actually, eosinophilic and
neutrophilic polyps, in which CNS or Corynebacte-
rium were isolated, were also accompanied by the
recovery of anaerobes in 17% and 12% of patients,
respectively. Determining the pathogenetic signifi-
cance of these organisms in CRS will require further
research. :

It has been postulated that Staphylococcus aureus
releases enterotoxins acting as superantigens and
induces the local formation of multiclonal IgE for-
mation as well as eosinophilic inflammation [20].
However, the present finding of a high rate of isolation
of MSSA in both eosinophilic and neutrophilic CRS
with nasal polyps suggests that colonization by
Staphylococcus aureus in the paranasal sinus is not
specific to eosinophil accumulation. Further study is
required to determine the role of Staphylococcus
aureus-induced enterotoxins in the pathogenesis of
CRS with nasal polyps.

In conclusion, we found no significant difference in
the bacterial features of the maxillary sinuses between
eosinophilic and neutrophilic CRS with nasal polyps.
Bacterial infection or colonization may contribute to
the underlying pathogenesis in both groups.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.
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Abstract

Objectives: Co-mobidity of asthma is known to result in a poor prognosis of post-endoscopic sinus surgery (post-ESS). Bacterial infection
may play a key role in recurrent pathophysiology of sinusitis in post-ESS.

Methods: Forty-two patients with CRS associated with asthma undergoing ESS were enrolled. Bacterial culture was performed from the
sinus cavity at the time of acute infectious episodes. Recurrence of sinonasal disease was analyzed in terms of steroid responsiveness and peak
expiratory flow (PEF).

Results: Totally 75 aspirates were obtained during post—ESS 2 repéat aspirates from 10 patients, 3 from 5 patients, and 4 from 2 patients.

Only 6 specimens (8.0%) obtained from 5 patients (11.9%) showed no growth whereas 83 isolates were recovered from 69 specimens. Sixteen
patients had at least one episode of a significant decline of PEF. All except one patient complained of symptoms and signs of upper respiratory
infections prior to a depression of PEF. Positive culture was obtained in 10 out of 11 patients examined at the time of acute exacerbation of
CRS.

Conclusion: Bacterial infection may play a critical role of recurrent polyps and refractory symptoms dunncr post-ESS follow-up. Moreover,

worsening of sinusitis accompanies asthma exacerbation.
© 2010 Elsevier Ireland Ltd. All rights reserved.

Key words: Chronic rhinosinusitis; Asthma; Peak expiratory flow; Endoscopic sinus surgery; Steroid respounsiveness; Bacteria; Infection

1. Introduction

Chronic rhinosinusitis (CRS) is defined as persistent
inflammation of the nasal and paranasal cavity mucosa
lasting >3 months. Although CRS is a multifactorial disease
and a heterogenous group of disease, most clinicians believe
that bacteria play a major role in the underlying etiologies
and pathogenesis.

Histomorphological patterns of CRS with nasal polyps
are characterized by the predominance of eosinophils and
mixed mononuclear cells and the relative paucity of
neutrophils [1]. Mucosal infiltration with eosinophils in
CRS with nasal polyps may be more refractory to surgical

* Corresponding author. Tel.: +81 3 5802 1094; fax: +81 3 5689 0547.
E-mail address: ike@juntendo.ac.jp (K. Ikeda).

cure and is frequently associated with bronchial asthma [2].
Several studies have reported the aspects of the clinical
relationship between CRS and asthma [3]. Co-mobidity of
asthma is known to be exacerbating factor for CRS and vice
verse [3]. Bacterial antigens may elicit IgE-mediated
response, which may be important in both exacerbations
[4]. The presence of sinusitis can provide a nidus of infection
in asthmatics. The most common cause of acute sinusitis,
Streptococcus prneumoniae, Haemophilus influenzae and
Moraxella catarrhalis, mirror those to cause asthma [5].
In contrast to acute exacerbation of CRS without previous
surgery [6], the microbiology of acute infectious episodes in
post-endoscopic sinus surgery (post-ESS) has not well been
studied except for the report by Bhattacharyya and Kepnes
[7]. To establish the microbiological characteristics of acute
episodes in post-ESS associated with asthma provides not

0385-8146/% — see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
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only great interesting, scientific, and practical issues, but
also a better understanding of the link with asthma
exacerbation. Thus, the present study was designed to
evaluate the bacterial microenvironment in sinus cavities of
ESS in asthmatics at the time of recurrent diseases, and to
study potential contribution of acute bacterial infection after
ESS in relation to asthma.

2. Methods
2.1. Patients
Forty-two subjects with CRS associated with bronchial

asthma including 3 patients with aspirin sensitivity (22
females and 20 males, ranging in age from 12 to 75 years,

mean age of 46 years), who were admitted to the Department -

of Otorhinolaryngology of the outpatient clinic of the
Juntendo University Faculty of Medicine between January
2006 and July 2008, entered the study after giving informed
consent. The study was approved by the ethic committee of
the Juntendo University Faculty of Medicine. Postoperatwe
follow-up ranged from 12 to 36 months.

CRS with nasal polyps was diagnosed based on the
criteria of the European position paper [8], that is, they had
two or more symptoms, one of which should be either nasal
blockage/obstruction/congestion or nasal discharge (ante-
rior/posterior nasal drip), with/without facial pain/pressure,
with/without reduction or loss of smell; and either
endoscopic signs of polys and/or mucopurulent discharge
primarily from middle meatus, and/or oedema/mucosal
obstruction primarily in middle meatus, and/or computed
tomographic changes within ostiomeatal complex and/or
sinuses.

The diagnosis of asthma was based on the definition of
the American Thoracic Society. All patients were treated
with bronchodilators including theophylline, 3-adrenergics,
and inhaled corticosteroids in the same manner and to the
same extent after surgery as before.

2.2. Extended endoscopic sinus surgery

ESS in all cases was performed under general anesthesia.
Since most of CRS with nasal polyps associated with asthma
shows extensive sinonasal disease with multiple polyps,
which are protruded from the olfactory cleft and middle
meatus, we usually perform extended ESS. The extended
ESS implies the elimination of polyps by microdebrider and
the resection of the lower half of both superior and middle
turbinates and maximal enlargement of each paranasal sinus
ostium, to ensure the proper access of topical steroid
administration to the lining epithelia of each sinus cavity.
Postoperative cleaning of blood and fibrin clots from the
operative cavity was meticulously performed daily on
postoperative days 3—5 and then weekly for 1-2 months. The
patients received oral antibiotics, usually amoxicillin, for a

few days postoperatively. All patients were daily received
intranasal corticosteroid preparation of two puffs of
fluticasone on each nostril in addition to saline nasal douch
during postoperative follow-up. A short-term of oral
predonisolon (0.5 mg/kg of body weight) was prescribed
when severe disturbance of smell and recurrent multiple
nasal polyps [9]. Moreover, two hundreds mg of levoflox-
acin was orally given twice per day in the presence of
massive purulent nasal discharge. An asthma exacerbation
was treated by short-acting 3-agonist rescue.

2.3. Bacterial culture

At the time of acute exacerbation of CRS defined by the
presence of purulent sinomasal secretions in conjunction
with sinus-related symptoms such as nasal discharge, facial
pain, nasal congestion, and loss of smell, bacterial culture
was performed by a microtip cotton applicator through the
enlarged ostium of the maxillary sinus under endoscopic
control. The specimens for bacterial culture were trans-
ported in culturette tubes kept moist with Stuart’s bacterial
transport medium. All specimens were inoculated onto 5%
sheep blood agar, chocolate agar, Columbia anaerobic blood
agar, and liquid thioglycolate broth. The in vitro anti-
microbial sensitivity of the identified bacterial isolates was
assessed by an agar disk diffusion method.

2.4. Peak expiratory flow

All patients were assessed for peak expiratory flow (PEF)
three times daily during post-ESS according to the National
Asthma Education Program. The PEF was measured using a
mini-Wright peak flow meter (Clement Clark Ltd., UK). The
20% depression of mean daily PEF was regarded as
aggravation of lower respiratory function.

3. Results

Totally 75 aspirates were obtained from 42 patients
during post-ESS; 2 repeat aspirates from 10 patients, 3 from
5 patients, and 4 from 2 patients. Only 6 specimens (8.0%)
obtained from 5 patients (11.9%) showed no growth whereas
bacteria were recovered from 69 specimens (92.0%)
obtained from 37 patients (88.1%). One isolate of bacteria
was detected in 48 specimens, 2 isolates in 8 specimens, and
3 isolates in 2 specimens (Fig. 1). A total of 83 isolates were

-recovered (Fig. 2) including 18 isolates of methicillin-

susceptible Staphylococcus aureus (MSSA), 14 isolate of S.
pneumoniae, 10 isolates of Coagulase Negative Staphylo-
cocci (CNS), 8 isolates of methicillin-resistant S. aureus
(MRSA), 7 isolates of Pseudomonas aeruginosa, 7 isolates
of H. influenzae, and 6 isolates of Moraxella catarralis. The
other bacteria includes Acinetobacter baumannii (3 iso-
lates), a-Streptococci (3 isolates), P-Streptococci (2
isolates), Corynebacterium (2 isolates), Staphylococcus
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Fig. 3. A representative case of postoperative time course of peak expira-
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epidermidis (1 isolate), Serratia marcescens (1 isolate), and
Aeromonas sp (1 isolate). No anaerobes were detected.

Susceptibility test of 4 pathogens of S. pneumonia,
MRSA, P. aeruginosa, and H. influenzae with representative
antibiotics were summarized on 35 isolates (Table 1).
Penicillin-resistant (the minimum inhibitory concentration,
MIC; >2 ng/ml), -intermediate resistant (MIC; 0.125-1 g/
ml), and -sensitive S. preumoniae (MIC; <0.125 pg/ml)
was 7, 4, and 3 isolates, respectively. Levofloxacin showed
an excellent efficacy against S. pneumoniae. MRSA was
remarkably resistant to all antibiotics except for minomycin.
Two isolate of P. aeruginosa was resistant to ampicillin and
the third-generation cephalosporins while levofloxacin
showed poor activity against only one isolate. The third-
generation cephalosporin and levofloxacin were sensitive to
H. influenzae.

Sixteen patients had at least one episode of a significant
decline of PEF whereas the other 27 patients did not show
asthma exacerbations. Fig. 3 shows postoperative time

Staphylococcus courses of a representative case, in which upper respiratory
‘”1‘6 i/{‘s symptoms were recognized and microorganisms were
¢ recovered prior to a depression of PEF. All except one
Fig. 2. Distribution of bacterial isolates. patient (93.8%) complained of symptoms and signs of upper
respiratory infections prior to a depression of PEF. Bacterial
Table 1
The rate (%) of antimicrobial sensitivities for selected bactereia (sensitive/intermediate sensitivity/resistant).
Streptococcus Methicillin-resistant Pseudomonas Haemophilus
preumoniae (n = 14) Staphylococcus awreus (n = 8) aeruginosa (n=17) influenzae (n=06)
ABPC 50.0/28.6/21.4 0/0/100.0 71.4/0/28.6 33.3/66.7/0
MPIPC ad nd nd ad
PIPC nd nd nd nd
CTX 85.7/7.1/7.1 nd nd 100.0/0/0
CPZ/SBT nd nd 57.1/14.3/28/6 nd
GM nd 25.0/0/75.0 71.4/0/28.6 nd
MINO nd 25.0750.0/25.0 ad ad
LVFX 100.0/0/0 0/0/100.0 57.1/28.6/14.3 100/0/0

ABPC, ampicillin; MPIPC, methicillin: CTX, cefotaxime sodium; CPZ/SBT, cefoperazone sodium/sulbactam sodium: GM, gentamicin: MINO, minomycin;

LVFX, levofloxacin: nd, not determined.
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examination from the sinus was carried out in 18 specimens
of 11 patients at the time of acute exacerbation of CRS,
resulting in positive culture of 17 specimens of 10 patients.
Major pathogens included 7 isolates of S. pneumoniae, 4
isolates of H. influenzae, 3 isolates of P. aeruginosa, and 2
isolates of M. catarralis, etc.

4. Discussion

The present study revealed that bacteria are related to
acute exacerbations in 88.1% of the post-ESS patients
associated with asthma. Brook and Frazier [10] reported that
the predominant organisms isolated from acute exacerba-
tions of CRS were anaerobic bacteria and that polymicrobial
infection was also present. Moreover, aerobic organisms that
are generally observed in acute infection emerged in some of
the acute episodes. On the other hand, a majority of bacteria
recovered in the present findings were aerobic organisms as
like detected in acute rhinosinusitis [11]. The difference of
bacterial species between CRS with and without previous
surgery may be due to the environmental differences,
namely that paranasal sinuses of post-ESS were changed
into more aerobic conditions by enlargement of sinus
ostium. P. aeruginosa detected in the present study, which
was not recovered in acute exacerbation of CRS without
previous surgery, may be characterized in post-operative
patients [12].

Bhattacharyya and Kepnes [7] reported the microbiology
of recurrent sinus infections after ESS, which was
characterized as (i) 30% of the culture resulted in no
growth in spite of purulent secretions, (ii) culture data (S.
pneumoniae, H. influenzae and M. catarrhalis accounted for
10.8% of the culture results) differed from those encoun-
tered in acute rhinosinusitis, and (iii) the same organisms
commonly encountered in preoperative CRS with the
exception of an increased prevalence of Pseudomonas
species (8.5%) and diphtheroids. Our results differed from
that . of Bhattacharyya and Kepnes [7] regarding the
following points: (i) only 8.0% of specimens were no
growth of bacteria and (ii) the pattern of bacteria is similar to
that of acute rhinosinusitis rather than CRS (three major
bacteria encountered acute rhinosinusitis reached 32.5%) in
the present study. The difference between two studies may
be brought about by the background of the patients, the
surgical technique of ESS, and the postoperative care. Our
patients were associated with asthma, which may predispose
to acute and recurrent bacterial infection. Our technique of
ESS for CRS associated with asthma is an extended surgery,
in which the natural ostia of each paranasal sinus were
enlarged as much as possible in order to gain steroid spray
access to the sinus. Acute bacterial infections and recurrent
symptoms were promptly treated by administration of
steroids and/or antibiotics in the present postoperative
regimens. However, the prevalence of Pseudomonas species
was almost identical in two studies. Al-Shemari et al. [13]
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documented that CNS, diphtheroids, and S. aureus constitute
the predominant flora of the healthy post-ESS sinus cavity.
Therefore, MSSA, CNS, and MRSA recovered in the present
study probably represent colonization of the sinus cavity by
nasal flora.

An increase in drug-resistant organisms is an emerging
concern in acute and chronic sinonasal infections. In the
present study, MRSA was detected in 9.6% of the isolates,
which seems to be greater than those of the literature [14].
Although vancomycin is known to represent the gold
standard for therapy of MRSA infection, 75% of MRSA
recovered in the present study was sensitive to minomycin.
Moreover, topical application of mupirocin was reported to
be successful in the treatment of MRSA-related CRS [15].
Although a majority of the isolates of Pseudomonas species
and B-lactamase-producing organisms were sensitive to
levofloxacin, a careful attention should be paid to creation of
resistance. - The combination of a penicillin and a B-
lactamase inhibitor is recommended as the first line
antibiotic therapy for f-lactamase-producing organisms
[16]. We empirically selected levofloxacin as antibiotics in
the regiment for sinonasal infection, but culture-directed
therapy, which has not yet been performed in the present
study, may prevent the emerging of resistant bacteria.

Co-morbidity of asthma is known to result in a poor
prognosis of CRS postoperatively, which imply a recurrence
of nasal polyps and refractory sinonasal symptoms [3].
Recurrent polyps and refractory symptoms are likely to be
derived from steroid-resistance. Allergen exposure, and
respiratory virus and bacteria are the most important
precipitants of asthma exacerbation, and both produce or
worsen sinusitis {17]. Acute exacerbation or recurrence of
CRS is known to be developed by a viral infection,
especially rhinovirus infection, which is further exacerbated
by the secondary bacterial infection [18]. Bacterial antigen
induces both Thl and Th2 responses, which promotes
mobilization and activation of neutrophils and eosinophils,
respectively. The eosinophil response is reported to be much
higher in bacterial infection than in viral infection as well as
the inflammatory compromise [19].

A history of asthma has been identified in the literature as
poor outcome predictors of ESS [20]. Poor prognosis in CRS
associated with asthma is likely to be due to a high
likelihood of extensive disease, which is further related to
the presence of peripheral eosinophilia. A link between CRS
and asthma can be ascribed to a systemic inflammatory

. process [21,22]. A systemic response to the application of

inflammatory stimuli to the sinuses can produce increased
inflammation in the lung via the activation of circulating T
lymphocytes, eosinophils and basophils as well as inflam-
matory cytokines. Thus, communications among the
sinuses, the lung, and bone marrow may contribute to cell
recruitment in airway inflammations, resulting in a
refractory sinonasal disorder.

Pulmonary function examined by PEF was disturbed
when acute exacerbation related to bacterial infection
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occurred. As well as viral infections, bacterial infections
potentially play in exacerbation of asthma and the
development of sinus disease. The sinonasal and bronchial
mucosa present similarities, suggesting the concept of “one
airway, one disease”. Epidemiologic studies show a link
between the upper and lower airways, and mechanistic
studies suggest a cause-and-effect rather than a coexistence
[23]. The time course of exacerbation of upper and lower

airways supports vertical relationship rather than an .

epiphenomenon of the same infectious and immune-
mediated disease. Thus, the present study clearly demon-
strated that bacterial infection induces exacerbation of
asthma secondary to worsening of sinonasal disease.

In conclusion, bacterial infection may play a critical role of
recurrent polyps and refractory symptoms during post-ESS
follow-up. Moreover, worsening of sinusitis accompanies
asthma exacerbation. Intensive postoperative care of the
upper airway after ESS may lead to benefit of asthma control.
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Abstract

Objective: Eosinophilic otitis media (EOM) is a newly recognized intractable middle ear disease, characterised by the accumulation of
eosinophils in middle ear effusion and middle ear mucosa. Since EOM patients show gradual or sudden deterioration of hearing, it is important
to properly diagnose EOM and to start adequate treatment for EOM. We aimed to investigate the clinical risk factors of EOM and to establish
the diagnostic criteria of EOM.

Patients and methods: We reviewed 138 patients with EOM and 134 age-matched patients with the common type of otitis media with effusion
or chronic otitis media as controls. We analyzed the incidence of the following clinical variables in both groups: bilaterality of otitis media,
viscosity of middle ear effusion, formation of granulation tissue in the middle ear, response to the treatment for otitis media, deterjoration of
bone conduction hearing level, and association with other diseases such as bronchial asthma, chronic rhinosinusitis, nasal polyposis, and
allergic rhinitis.

Results: A high odds ratio was obtained from an association with bronchial asthma (584.5), resistance to conventional treatment for otitis
media (232.2), viscous middle ear effusion (201.6), association with nasal polyposis (42.17), association with chronic rhinosinusitis (26.49),
bilaterality (12.93), and granulation tissue formation (12.62). The percentage of patients with EOM who were positive for two or more among
the highest four items was 98.55%.

Conclusion: A patient who shows otitis media with effusion or chronic otitis media with eosinophil-dominant effusion (major criterion) and
with two or more among the highest four items (minor criteria), can be diagnosed as having EOM. Patients with ear symptoms should have the
proper diagnosis of EOM using the proposed diagnostic criteria, and then can receive adequate treatment, resulting in prevention of
deterioration of hearing and quality of life.

© 2011 Published by Elsevier Ireland Ltd.

Keywords: Eosinophilic ofitis media; Bronchial asthma; Middle ear effusion; Nasal polyposis; Chronic rhinosinusitis; Diagnostic criteria

1. Introduction

Eosinophils are effector cells in the pathogenesis of
allergic disease. Historically, Koch [1] first reported that
some of the cases with chronic otitis media (COM) showed
eosinophil-enriched secretion, and that the macroscopic

* Corresponding author. Tel.: +81 48 647 2111; fax: +81 48 648 5166.
E-mail address: yiino@jichi.ac.jp (Y. lino).

0385-8146/$ - see front matter © 2011 Published by Elsevier Ireland Ltd.

doi:10.1016/j.an1.2010.11.016

appearance had characteristics such as highly viscous
middle ear secretion with edematous pink mucosa. The
high incidence of accompanying nasal allergy has been
reported [1]. In 1993, Tomioka et al. [2] reported cases of
intractable otitis media with effusion (OME) and COM
patients associated with bronchial asthma. Middle ear
effusion and otorrhea in those cases contained numerous
eosinophils and were very viscous. They named this
condition as eosinophilic otitis media (EOM) because the
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effusion contains many eosinophils regardless of the
presence of type I allergy [3]. Similar case reports have
been published in Japan [4].

The mechanism of accumulation of eosinophils in the
middle ear has not yet been determined. However,
eosinophil chemoattractants such as IL-5 and eotaxin have
been detected in middle ear effusion [5,6], and the
expressions of eosinophil chemoattractants such as eotaxin,
regulated on activation, normal T expressed and secreted
(RANTES), and ecalectin mRNAs have also been found in
middle ear mucosa by in situ hybridization [6], These
findings indicate that active eosinophilic inflammation
locally occurs in the middle ear [7].

EOM is now recognized as an intractable otitis media and
is a fairly common middle ear disease not only in Japan but
also worldwide. One of the striking events of EOM is the
high incidence of gradual or sudden deterioration of hearing
[2-4]. Clinical surveillance of EOM in Japan demonstrated
that among 190 EOM patients, approximately one-half
showed deterioration of bone conduction hearing threshold
and 6% became completely deaf [8].

There are several chronic intractable middle ear diseases
showing clinical characteristics that are extremely different
from the common type of OME and COM. Each disease
requires a specific treatment to cure or control the disease;
otherwise, patients will suffer persistent otorrhea and
progressive hearing loss, resulting in a worsening quality
of life (QOL). The following items were nominated for
chronic intractable middle ear diseases: otitis media
tuberculosa, cholesterol granuloma, anti-neutrophil cyto-
plasmic autoantibody (ANCA)-related vasculitis syndrome
such as Wegener’s granulomatosis and Churg-Strauss
syndrome (CSS), and EOM.

The concept of EOM has not been properly recognized
and EOM tends to be overlooked. Although the clinical
characteristics of EOM have been previously reported [4,9],
nothing is known about the incidence of each characteristic
in EOM and common types of otitis media to make a
definitive diagnosis of EOM. Therefore, it is critical to
determine risk factors of EOM and to resolve diagnostic
criteria of EOM. When diagnosis of EOM is established,
early intervention of patients with adequate treatment could
prevent deterioration of hearing loss and persistent otorrhea,
leading to improvement of their QOL.

2. Materials and methods
2.1. Patients

This analysis was based on the retrospective clinical data
of patients from the EOM study group, which is a Japanese
multicentre study involving five referral centers. One
hundred thirty-eight patients who were diagnosed with
EOM were collected from five centers of the EOM study
group. The patients included 86 females and 52 males, aged

19-77 years at the first visit to each center (mean =+ SD:
50.5 & 13.1 years). The patients had a middle ear effusion or
middle ear mucosa in which the accumulation of eosinophils
was detected histologically or cytologically, and they
showed clinical characteristics as described by Nagamine
et al. [4]. One hundred thirty-four age-matched patients (86
females and 48 males) with non-eosinophilic COM or OME

- were also enrolled as controls. All of the control patients

underwent tympanoplasty or insertion of a tympanostomy
tube at Jichi Medical University Saitama Medical Center
and were aged between 18 and 77 years (51.6 + 13.7 years).
The difference in the age distributions of both groups was
not statistically significant. Informed consent was obtained
from all the patients.

2.2, Determination of clinical characteristics

Based on the previous report by Nagamine et al. [4], the
following clinical characteristics: of each patient in both
groups were analyzed: bilaterality of otitis media, viscosity
of middle ear effusion, formation of granulation tissue in the
middle ear, response to the treatment for otitis media,
deterioration of bone conduction hearing level (BCHL), and
association with other diseases such as bronchial asthma,
chronic rhinosinusitis, nasal polyposis, and allergic rhinitis.
Viscosity of middle ear effusion was defined as when middle
ear effusion was difficult to remove by Rosen’s ear
suctioning tube because of high viscosity. If the condition
of the middle ear mucosa was grade 3 by the classification of
Iino [9], i.e., highly thickened or granulated to an extent
beyond the position of a normal eardrum, this was defined as
granulation tissue formation. The response to conventional

-treatments for common otitis media such as myringotomy

and insertion of a ventilation tube for OME, and
administration of systemic or topical antibiotics and
tympanoplasty for COM were investigated. If the treatment
was not effective (except for systemic or topical adminis-
tration of corticosteroids), the condition was defined as
resistance to treatment.

2.3. Evaluation of hearing

The air conduction hearing level and BCHL of each patient
in both groups were assessed by pure tone audiometry. The
latest audiometric results were evaluated. Deterioration of the
BCHL was identified if the BCHL of each patient was beyond
30 dB for at least one frequency at 250-4000 Hz.

2.4. Association with other diseases

Patients of both groups were diagnosed with bronchial
asthma if they had a history or had been treated by respiratory
physicians using inhaled or systemic corticosteroids using the
guidelines for the management of bronchial asthma. A
diagnosis of chronic rhinosinusitis was made by rhino-
endoscopic findings (e.g., mucous or purulent rhinorrhea,
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Table 1
Baseline characteristics of EOM and control groups.
EOM group Control group P value
No. of patients 138 134
Sex (F:M) 86:52 86:48 NS
Age (years)? 50.5 £ 13.1 (19-77) 51.6 £ 13.7 (18-77) NS
Bilaterality 114 36 <0.0001
Highly viscous MEE 128 8 <0.0001
Granulation tissue formation 45 7 <0.0001
Resistance to treatment 128 7 ) <0.0001
Deterioration of BCHL 81 65 0.011
(Deafness) 8) 2) (<0.0001)
Associated diseases
Bronchial asthma 124 2 <0.0001
Chronic rhinosinusitis 102 14 <0.0001
Nasal polyposis 85 5 <0.0001
Allergic rhinitis 52 39 ’ <0.001

EOM, eosinophilic otitis media; MEE, middle ear effusion; BCHL, bone conduction hearing level; F, female; M, male; NS, not significant.

# Mean =+ SD (range).

mucosal congestion and nasal polyps) and by the findings of a
paranasal computed tomography scan, in addition to a history
of nasal symptoms (e.g., nasal obstruction, discharge,
postnasal drips, hyposmia, headache and facial pain) for 3
months or more. Patients were considered to have allergic
rhinitis if they reported a history and symptoms of nasal
allergies and had a high level of serum IgE (>170IU/L) or
positive specific IgE for inhaled antigens.

2.5. Statistical analysis

All statistical analyses for baseline characteristics
between the EOM group and the control group were carried
out using the chi-square test, Fisher’s exact test (two sided)
and multiple regression analysis, except for the patients’
age. The difference between the two groups for the patients’
age was analyzed using an unpaired #test. P values of less
than 0.05 were defined as significant. Sensitivity was the true
positive rate of the clinical characteristics in the EOM group,
and specificity was the true negative rate of the same clinical
characteristics in the control group.

3. Results

3.1. Clinical features of patients in EOM and control
groups

To characterise more specific clinical features of EOM, the
clinical data of 138 patients of the EOM group and 134
patients of the control group (COM/OME) were compared
and these data are summarised in Table 1. When the clinical
symptoms were analyzed according to previous studies
[2-4], a significantly higher incidence of bilaterality, highly
viscous middle ear effusion, formation of granulation tissue in
the middle ear, resistance to conventional treatment for otitis
media (P < 0.0001), and deterioration of BCHL (P = 0.011)
was found in the EOM group than in the control group. The

rate of deafness was also significantly higher in the EOM
group compared with that in the control group (P < 0.0001).
Eight patients out of 138 (5.8%) became deaf unilaterally (six
patients) or bilaterally (two patients) after the onset of EOM.
Bronchial asthma was the most frequently associated
disease with EOM (P < 0.0001). Among patients with
bronchial asthma, approximately 30% (37/124) showed
aspirin intolerance. Chronic rhinosinusitis and nasal polyposis
also showed a significantly higherincidence in the EOM group
than in controls (P < 0.0001). Twenty-seven patients out of 85
with nasal polyposis received endoscopic sinus surgery, and
eosinophilic infiltration was histologically identified in polyps
in all patients except one. Although allergic rhinitis was also
frequently associated with EOM, the association rate was the
lowest among the associated diseases studied (P < 0.001).

3.2. Sensitivity and specificity

The sensitivity, specificity and odds ratio of each
characteristic in both groups are shown in Table 2. The
following items showed extremely high odds ratios:

Table 2
Sensitivity and specificity of EOM and control groups.

Sensitivity Specificity Odds ratio® P value®

Bilaterality 0.826 0.731 12.93 0.5618
Highly viscous MEE ~ 0.928 0.94 201.6 0.0007
Granulation tissue 0.321 0.963 12.62 0.1211

formation
Resistance to treatment 0.928 0.948 2322 0.0054
Deterioration of BCHL 0.591 0.515 1.54 0.2345

Associated diseases
Bronchial asthma 0.899 0.985 584.5 0.0278
Chronic rhinosinusitis  0.756 0.896 26.49 0.2708
Nasal polyposis 0.62 0.963 42.17 0.0177
Allergic rhinitis 0.426 0.71 1.81 0.1087

EOM, eosinophilic otitis media; MEE, middle ear effusion; BCHL, bone
conduction hearing level.

2 Fisher’s exact test.

® Multiple regression analysis.
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association with bronchial asthma (odds ratio, 584.5),
resistance to conventional treatment for otitis media (232.2),
highly viscous middle ear effusion (201.6) and an
association with nasal polyposis (42.17), followed by an
association with chronic rhinosinusitis (26.49). The 4 items
such as association with bronchial asthma, resistance to
conventional treatment for otitis media, highly viscous
middle ear effusion and an association with nasal polyposis
also showed statistical significance between the two groups
by multiple regression analysis.

3.3. Determination of diagnostic criteria

From the data described above, we tried to establish the
diagnostic criteria of EOM. Eosinophils were identified
histologically or cytologically in middle ear effusion or
middle ear mucosa of all patients in the EOM group. If a
patient had bacterial infection, the effusion contained
neutorophils rather than eosinophils. In this case, the
effusion was re-examined to detect eosinophils after
controlling the infection. The presence of eosinophil-
dominant effusion as shown in Fig. 1 should be considered
as the major criterion to diagnose EOM.

With regard to minor criteria, we selected the following
five items, which had high odds ratios: association with
bronchial asthma, resistance to conventional treatment for
otitis media, highly viscous middle ear effusion, association
with nasal polyposis, and association with chronic rhino-
sinusitis. If the first three items were defined as minor
criteria, the percentage of patients with EOM who showed
positive for two items or more was 95.7%. Among the first
four and five items, the percentages of being positive for two
items or more were both 98.6% (Table 3). Therefore, if a
patient is positive for at least two items out of the first four
items (association with bronchial asthma, resistance to
conventional treatment for otitis media, highly viscous

Fig. 1. A histological section of middle ear effusion from a patient with
eosinophilic otitis media. Accumulation of eosinophils is seen in the
effusion (hematoxyln and eosin stain).

Table 3
Determination of minor criteria (N = 138).

95% CI

3 Items (highly viscous MEE, resistance to treatment, associated with
bronchial asthma)
Positive for >2 items 132 (95.65) 90.78-98.40
3 Items 109 (85.51) 71.23-85.46
4 Ttems (highly viscous MEE, resistance to treatment, associated with
bronchial asthma, associated with nasal polyposis)

No. of items No. of cases (%)

Positive for >2 items 136 (98.55) 94.86-99.84
>3 Items 119 (86.23) 79.33-91.51
4 Items 71 (51.45) 42.79-60.04

5 Items (highly viscous MEE, resistance to treatment, associated with
bronchial asthma, associated with nasal polyposis, associated with chronic
rhinosinusitis)

Positive for >2 items 136 (98.55) 94.86-99.84
>3 ltems 125 (90.58) 84.43-94.89
>4 Items 98 (71.01) 62.68-78.42
5 Items 70 (50.72) 42.08-59.34

MEE, middle ear effusion.

Table 4
Diagnostic criteria of eosinophilic otitis media (EOM).

Major: Otitis media with effusion or chronic otitis media with eosinophil-
dominant effusion
Minor:

1. Highly viscous middle ear effusion

2. Resistance to conventional treatment for otitis media

3. Association with bronchial asthma

4. Association with nasal polyposis
Definitive case: positive for major + two or more minor criteria
Exclusion criteria: Churg-Strauss syndrome, hypereosinophilic syndrome

middle ear effusion and association with nasal polyposis),
they should be diagnosed with EOM. Diagnostic criteria
have been accordingly proposed as shown in Table 4.

4. Discussion

The members of the EOM study group, who are all ear
specialists working in referral centers and have a lot of
experience in treating EOM patients, collected data on the
138 EOM patients. The patients had been diagnosed with
EOM because they had eosinophils middle ear effusion or
middle ear mucosa and had typical characteristics of EOM.
To clarify risk factors of EOM and clearly define diagnostic
criteria, we compared clinical data of patients with non-
eosinophilic OME and COM as controls.

First, we propose that detection of eosinophils in middle
ear effusion is the major criterion for diagnosis of EOM. In
the middle ear mucosa, eosinophils and EG2 positive cells
are also present; however, the number of eosinophils is less
than that in middle ear effusion [7]. Formalin-fixed, paraffin-
embedded sections of middle ear effusion are useful for
detecting eosinophilic mucin, and provide information of
eosinophil activation and degranulation [10].
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We selected clinical symptoms for minor criteria,
because it is easier to diagnose EOM without any
laboratory data or imaging. In addition, the detection of
nasal polyposis needs only rhinoendoscopy, whereas the
diagnosis of chronic rhinosinusitis needs both rhincendo-
scopy and paranasal computed tomography. Middle ear
effusion is usually viscous. However, the viscosity is
reduced with bacterial infection. It is necessary to recheck
the viscosity of middle ear effusion after controlling
bacterial infection using antibiotics [10]. EOM is resistant
to conventional treatment for otitis media including
myringotomy and tympanostomy tube insertion for
OME, administration of antibiotics, and surgical treatment
such as tympanoplasty and mastoidectomy for COM,
except for administration of systemic and topical admin-
istration of corticosteroids [11].

When Tomioka et al. [2] first reported cases of
intractable OME and COM, they noticed the presence of
bronchial asthma. In this study, only 10% of the patients
had no association with bronchial asthma. EOM is mostly
accompanied by adult-onset in both nonatopic and atopic
asthma patients including aspirin intolerance, with the
incidence being 30%. According to Jenkins et al. [12] the
incidence of aspirin intolerance in bronchial asthma in
adults is 21% when determined by oral provocation testing,
and 3% by verbal history. Therefore, patients with aspirin
intolerance are more likely to be associated with EOM.
Association with nasal polyposis is another criterion.
Multiple nasal polyps are found in the middle nasal meatus
and the olfactory hiatus. The present study demonstrated
that eosinophilic infiltration was histologically identified
in the polyps of 26 of 27 patients (96%) who underwent
endoscopic sinus surgery. This condition is called
eosinophilic chronic rhinosinusitis [13-15]. Based on
these results, the incidence of eosinophilic chronic
rhinosinusitis with nasal polyposis in EOM is approxi-
mately 60%. In contrast, the incidence of EOM in
eosinophilic chronic rhinosinusitis has been reported to
be approximately 10% [10].

For the exclusion criteria, we selected two diseases, CSS
and hypereosinophilic syndrome (HES). CSS is a rare
multisystem autoimmune disease characterised by diffuse
eosinophilic infiltration and necrotising vasculitis. Patients
with CSS usually show longstanding rhinosinusitis, poly-
posis and bronchial asthma. There are several recent reports
of patients with CSS who manifested intractable otitis
media, characterised by viscous otorrhea, granulomatous
eosinophilic infiltrate in the mastoid and middle ear with
conductive hearing loss, and progressive sensorineural
hearing loss [16-18]. These characteristics are similar to
those seen in patients with EOM.

HES is characterised by marked blood or tissue
eosinophilia and is defined by the presence of a peripheral
blood eosinophil count of 1.5 x 10°/L or greater for at least
6 months, and exclusion of both secondary and clonal
eosinophilia. It involves various organs including the heart,

lung, liver, skin and nervous system. It has been reported that
the middle ear is also the target organ of HES, manifesting
granulation tissue formation containing eosinophils [19,20].
A novel targeted treatment, including tyrosine kinase
inhibitors and monoclonal antibodies, has been attempted
and has altered the approach to the diagnosis and treatment
of HES. These two diseases should be clearly differentiated
from EOM because the pathogenesis of CSS and HES is
completely different from EOM.

In our study, the incidence of deterioration of BCHL was
significantly higher in the EOM than in the control group. It
has also been shown that high-tone loss is more frequent and
more severe in EOM patients than in age-matched COM
control patients [9]. Nakagawa et al. [21] also reported that
in cases of EOM, BCHLs at 4 kHz and 8 kHz are higher than
those at lower frequencies. The cause of deterioration of
BCHL in EOM has not been determined. From the results of
our previous study, bacterial infection and eosinophilic
inflammation in the middle ear might contribute to the
deterioration of inner ear function [22].

It is important to inform a patient who is diagnosed with
EOM based on the proposed criteria, that this type of otitis
media persists for a long period, and without adequate
treatment progressive or sudden onset of severe hearing loss
may occur. It is also necessary to evaluate and monitor not
only héaring acuity by audiometry but also the severity of
the disease by imaging of the temporal bone and paranasal
sinuses, and by laboratory tests such as serum IgE levels or
eosinophil count in peripheral blood.

Currently, an effective treatment for EOM is adminis-
tration of systemic and topical corticosteroids [11]. Other
treatments such as a combination of anti-histaminergic
agents and leukotriene receptor antagonists in addition to
topical corticosteroids [21] or administration of ramatroban
also result in the relief of subjective symptoms [23]. Since
the number of patients was quite limited in these previous
studies, further comparative studies will be required to prove
the effectiveness of the medication for EOM. It is also
possible that novel target treatment could bring about cure of
EOM if genetic or molecular analysis unveils the
pathogenesis of EOM.

5. Conclusion

A patient who shows OME or COM with eosinophil-
dominant effusion (major criterion) and with two or more
among the highest four items (minor criteria), can be
diagnosed as having EOM. Patients with ear symptoms
should have the proper diagnosis of EOM using the proposed
diagnostic criteria, and then can receive adequate treatment,
resulting in prevention of deterioration of hearing and QOL.
In addition, the proposed diagnositic criteria are very useful
to select subjects with or without EOM when a comparative
study is conducted to evaluate the efficacy of medication and
management for EOM.
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