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Risk factors for persistent otitis media with effusion in children:
a case-control study

Ju Yeon Lee1, Se—Hyung Kim2, Chan 1l SongZ, Young Ree Kim3, Yoon—Joo Kim4, Jae Hong Choi*

IDepartment of Pediatrics, Jeju National University Hospital;, Departments of 20t0rhinola}yngalogy,
3Lab0rat0ry Medicine, *Pediatrics, Jeju National University School of Medicine, Jeju, Korea

Background: Otitis media with effusion (OME) is defined as middle ear effusion without acute signs of infec-
tion. OME usually resolves spontaneously; however, persistent OME may require the insertion of a ventilation
tube. This study investigated risk factors for persistent OME in children who undergo ventilation tube insertion.
Methods: Children who were admitted to undergo ventilation tube insertion at Jeju National University Hospi-
tal between August 2015 and July 2016 were enrolled as the case group. Healthy children without persistent
OME from August 2016 to July 2017 were enrolled as the control group. Baseline characteristics and pre-
disposing factor data were collected using an interview questionnaire. Middle ear fluids were collected from
the case group.

Results: A total of 31 patients underwent ventilation tube insertion. The mean age of the case group was
4.53 years, with a male-to-female ratio of 21:10. Twenty-nine (93.5%) children attended a daycare center,
and 21 (67.7%) had experience with bottle feeding. Fifteen (48.4%) children in the case group and 3 (9.7%)
in the control group first attended a daycare center at <1 year of age (odds ratio=9.96; 95% confidence
interval=2.44-39.70; p=0.001). No bacteria were found in middle ear fluid collected from the 31 operated
children. Nasopharyngeal bacterial colonization was found in 13 (41.9%) and 17 (54.8%) children in the case
and control groups, respectively.

Conclusion: Earlier attendance at a daycare center was the only predisposing factor for ventilation tube
insertion in our study. The aseptic nature of middle ear fluids found in children with OME highlights the

efficacy of antimicrobial use.
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INTRODUCTION

Otitis media with effusion (OME) is characterized by a non-
purulent effusion from the middle ear without symptoms
such as otalgia or fever. OME is believed to follow an episode
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of acute otitis media or abnormal Eustachian tube function.
Individuals with OME usually exhibit no specific symptoms;
the disease is self-limited within approximately 3 months wit-
hout specific treatment [1]; however, it does recur in 30-40%
of cases [2].

Some birth cohorts have reported that >90% children ex-
perience at least one episode of OME before 4 years of age
[2,3]. OME is the most common cause of acquired hearing
impairment in children; permanent hearing loss related to
otitis media has a prevalence of 2-35 per 10,000. Although
symptoms are not severe, the highest incidence of OME oc-

curs during a highly important period of language skill de-
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velopment. Thereafter, periodic hearing tests are essential to
preserving hearing ability in OME patients [4].

The ultimate treatment goal for OME is to mitigate hearing
loss. American guidelines recommend that physicians manage
children with OME who are not at risk with watchful waiting
for 3 months from the date of effusion onset without anti-
microbial treatment [4,5]. However, the guidelines also rec-
ommend that dlinicians offer ventilation tube insertion to
children with documented hearing difficulties, structural ab-
normalities of the tympanic membrane or middle ear, incre-
ased risk for speech and/or language difficulties, and/or redu-
ced quality of life in cases of OME lasting >3 months [5].

Predisposing factors for persistent OME that require ven-
tilation tube insertion include: attendance at a day care center,
familial history of otitis media, low socio-economic status, to-
bacco smoke exposure and adenoid hypertrophy [6,7]. Aller-
gic tendency or biofilm formation of nasal colonizing bacteria
is suspected to contribute to the pathogenesis of persistent
OMEE [8-10]. Recurrent otitis media is known to be another
risk factor for persistent OME. Although the pathogenesis
of recurrent otitis media is multifactorial, the invasion of
nasopharyngeal colonizing bacteria is believed to be related
[11,12]. The most frequent pathogens colonizing the naso-
pharynx include Streprococcus pneumoniae, Haemophilus
influenzae, and Moraxella catarrhalis.

In Korea, the clinical guidelines for pediatric otitis media
has been updated [13]. This domestic guideline recommends
the appropriate use of antimicrobials, an indication for ven-
tilation tube insertion, and the importance of hearing tests
during treatment for OME, which were not different from
other guidelines [4,13]. However, long-term antimicrobial use
(>3 months) for the treatment of OME was usually found
in the clinical field.

A previous domestic study investigating OME reported risk
factors for children undergoing recurrent ventilation tube in-
sertion or ventilation tube insertion for children with cranio-
facial abnormalities [14]. We investigated the risk factors for
persistent OME in children according to need for middle
ear ventilation. Our aim was to determine the relationship
between the colonization of bacteria in the nasopharynx and

middle ear effusion.

MATERIALS AND METHODS

1. Study subjects and design

The present investigation was a prospective case-control
study. Children <12 years of age, who were admitted for
ventilation tube insertion at Jeju National University Hospital
(JNUH) between August 2015 and July 2016, were enrolled
as the case group. All participants were enrolled when they
were definitively diagnosed with OME by two otolaryngolo-
gists. The children were scheduled to undergo middle ear
ventilation for persistent OME 3 months after diagnosis, de-
spite previous antimicrobial use. Patients with immunodefi-
ciency disorders or craniofacial abnormalities, such as cleft
palate and/or cleft lip, were excluded. However, patients who
previously underwent ventilation tube insertion were included.

A group of age- and sex-matched subjects representing the
controls was chosen from a group of healthy children without
persistent OME, who visited the JNUH between August 2016
and July 2017. Apart from no history of persistent OME,
subjects with recurrent acute otitis media were excluded. The
present study was approved by the Institutional Review Board
of Jeju National University Hospital (IRB No. 2015-05-006).
Informed written consent was obtained from all participants

before enrollment.

2. Data and specimen collection

Baseline characteristics and predisposing factors for the case
and control groups were collected using a questionnaire inter-
view. Investigated factors included: age, sex, familial member,
pattern of daycare center attendance, recent history of anti-
microbial use, history of breastfeedin, exposure to tobacco
smoke in the house and vaccination history. Daycare center
attendance was defined as attendance at a daycare center for
at least 6 months, or younger subjects who attended a daycare
center when enrolled in the study. Breastfeeding was defined
in children who were breastfed for at least 2 months, and
was distinguished from bottle feeding. History of pneumo-
coccal conjugate and H. influenzae type b vaccination was also
examined.

Microbiological investigations of middle ear effusions and
colonization of the nasopharynx were performed. After asep-
tic myringotomy during surgery for ventilation tube inser-

tion, a middle ear effusion sample was obtained using a sterile
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calcium alginate swab. If the middle ear effusion was glue-like
in consistency, 0.5 mL of normal saline was instilled into the
middle ear and the specimen was drawn using the same me-
thod. Nasopharyngeal aspirates were obtained from both the
case and control groups. The same sterile calcium alginate
swab was passed through a single anterior nostril to reach
the nasopharynx and was rotated. All specimens were plated
on trypticase soy agar plates containing 5% sheep blood and
chocolate agar plates, and were incubated overnight at 37°C
in 5% CO,. The identification of bacteria was limited to .
pneumoniae, H. influenzae, and M. catarrhalis, which are
known to be the three major pathogens for otitis media. The
identification method used was a routine biochemical test
using the Vitek II system (bioMerieux Vitek Inc., Durham,
NC, USA).

3. Statistical analysis

Statistical analysis was performed using R software version
3.4.3 (R Foundation for Statistical Computing, Vienna, Aus-
tria). The relationship between the investigated risk factors
and middle ear ventilation tube insertion was analyzed using
the chi-square test. Multivariate logistic regression analysis
was performed, and the data are expressed as odds ratio (OR)
and 95% confidence interval (CI). All tests were two tailed,
and p<0.05 was considered to be statistically significant.

RESULTS

A total of 31 patients (21 male, 10 female) underwent ven-
tilation tube insertion. The mean age of the case group was
4.53 years (median age, 4.20 years [range, 0.95-12.00 years));
the mean age of the control group was 4.06 years (median
age, 3.88 years [range, 0.74-12.22 years]). In the case group,
26 patients underwent bilateral ventilation tube insertion,
and 11 underwent unilateral insertion. There were no compli-
cations after the operation. Before the operation, hearing tests,
such as tympanometry or pure tone audiometry, were perfor-
med in 20 (64.5%) patients. All of them had hearing loss;
more specifically, 18 (90%) had 20-40 dB hearing loss, and
2 had <20 dB hearing loss. We determined ventilation tube
insertion after counselling in 11 patients who did not undergo
a hearing test because the parents complained of middle ear

effusion >3 months.

In the case group, 29 (93.5%) children attended a daycare
center, which was more than in the control group (n=23);
this difference was not statistically significant (OR=5.04;
95% CI1=0.98-26.09; p=0.084) (Table 1). However, the num-
ber of subjects <1 year of age who attended a daycare center
was 15 (48.4%) in the case group, which was significantly
more than the number of children in the control group (n=3
[48.49%)); this difference was statistically significant (OR=
9.96; 95% CI=2.44-39.70; p=0.001) (Fig. 1). There were
more breastfed children in the control group (n=22) than in
the case group (n=19) (p=0.592), and more bottle-fed child-
ren in the case group (n=21) than in the control group (n=
18) (p=0.599). However, these feeding habits had no statisti-
cally significant influence on ventilation tube insertion for
OME (Table 1). Exposure to household tobacco smoke appe-
ared to have no significant effect on persistent OME. Regard-
less of whether subjects had siblings, there were no differences
in the prevalence of persistent OME. In the case group, there
were no siblings who underwent ventilation tube insertion.

Eighteen (58.1%0) children in the case group and 16 (51.6%0)
in the control group were taking antibiotics for persistent
OME. Contrary to expectations, no bacteria were isolated
from middle ear effusions collected from those who under-
went ventilation tube insertion. The positive nasopharyngeal
carriage rate was 41.9% (13/31) in the case group: S. prewno-
niae (n=6); H. influenzaec (n=2); and M. catarrhalis (n=6).
In the control group, the nasopharyngeal carriage rate was
54.8% (17/31): 8. pneumoniae (n=6); H. influenzae (n=7);
and M catarrhalis (n=5) (Table 2).
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Fig. 1. Odds ratio of patient characteristics who underwent ven-
tilation tube insertion. DCC, daycare center; Hib, Haemophilus
influenzae type b; PCV, pneumococcal conjugate vaccine.
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Table 1. General characteristics of otitis media in the case and control groups

Case group (n=31)

Control group (n=31)

Variable Niumber (96) Number (6) OR? (95% CI) pvalue
Gender (male:female) 21:10 21:10
Mean age (yr) (range) 4.53 (0.95-12.00) 4.06 (0.74-12.22)
Daycare center 29 (93.5) 23 (74.2) 5.04 (0.98-26.09) 0.084
<1 yrb) 15 (48.4) 39.7) 9.96 (2.44-39.70) 0.001
Breast feeding 19 (61.3) 22 (71.0) 0.64 (0.22-1.87) 0.592
Bottle feeding 21 (67.7) 18 (58.1) 1.51(0.53-4.27) 0.599
Familial smoking 18 (58.1) 14 (45.2) 1.68 (0.62-4.59) 0.445
Sibling 22 (71.0) 20 (64.5) 1.34 (0.61-3.91) 0.785
Hib vaccination 25 (80.6) 28 (90.3) 0.45 (0.10-1.97) 0.471
PCV vaccination 20 (64.5) 25 (80.6) 0.43 (0.13-1.38) 0.254

OR, odds ratio; CI, confidence interval; Hib, Haemophilus influenzae type b; PCV, pneumococcal conjugate vaccine.

90dds ratio for ventilating tube insertion.

PFirst attending age at daycare center was lesser than 1 year old.

Table 2. Microbiological status of otitis media in the case and
control groups

Microbiologic status Case Control
Middle ear fluid 0 (0.0) NAY
Nasopharyngeal aspirate 13 (41.9) 17 (54.8)

S. pneumoniae 6(19.4) 6 (19.4)
H. influenzae 2 (6.5) 7 (22.6)
M. catarrhalis 6(19.4) 5(16.1)
Previous antibiotics” 18 (58.1) 16 (51.6)

Values are presented as number (%).
INot applicable, Pantibiotics usage within 2 months before en-
rolling the study.

DISCUSSION

This investigation was a prospective study aimed at deter-
mining risk factors for ventilation tube insertion for persistent
OME that did not spontaneously improve in children. Ano-
ther goal of this study was to identify the relationship between
nasopharyngeal colonizing bacteria and persistent middle ear
effusion. Two otolaryngologists with experience in ventilation
tube insertion in the middle ear were involved in this study.
Indications for ventilation tube insertion were significant hea-
ring loss due to persistent middle ear effusion, and persistent
OME >3 months, which was refractory to spontaneous im-
provement despite of the use of antibiotics.

OME may occur after an upper respiratory tract infection
due to poor Eustachian tube function or as a result of recur-
rent acute otitis media. A major risk factor for developing
OME is age because of its direct correlation with the angula-

tion of the Eustachian tube. Other factors reported to increase
the risk for developing OME include daycare center attend-
ance, exposure to tobacco smoke, low socio-economic status,
shorter duration of breastfeeding, adenoid hypertrophy, and
recurrent otitis media [6,7,15,16].

In our study, children <1 year of age, who attended a
daycare center, was the only statistically significant risk factor
(Fig 1). Usually, younger children had more respiratory tract
infections than adults because of their immature immune sys-
tem. In addition, daycare center attendance enhances close
contact with other children in confined spaces. In the present
study, however, daycare attendance regardless of age had no
clinically significant association with persistent OME. We spe-
culate that the difference is the diluted result because of high
attendance rates at daycare centers in both the case and con-
trol groups (52/62 [83.9%]). We did not use data for recur-
rent otitis media as a risk factor for persistent OME. The
recall ability of the patients’ parents regarding the number
of episodes or treatment of otitis media was uncertain. Atten-
dance at a daycare center, however, was easy to recall, and
this factor was believed to be related to recurrent otitis media.
We used this particular questionnaire for our investigation
based on previous studies [17,18].

Exposure to household tobacco smoke and breastfeeding
were not significant factors for persistent OME. We had no
method to quantitatively evaluate the level of smoke expo-
sure or breastfeeding. There was no relationship between bot-
tle feeding and persistent OME. We speculate that this can
be explained by the fact that most of our participants com-
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bined breast and bottle feeding.

Experts have recommended the use of pneumatic otoscopy
or tympanometry to assess OME with hearing loss [4]. Fur-
thermore, the first-line treatment choice to manage persistent
OME in individuals not at risk is watchful waiting for 3 months
from the date of effusion onset. This recommendation was
applied to children with hearing loss <20 dB. Ventilation tube
insertion is the definitive treatment for removing middle ear
effusions and an effective method to prevent conductive hear-
ing loss caused by middle ear effusion. Operative methods,
such as ventilation tube insertion, are especially recommended
when structural damage to the tympanic membrane, tympa-
nosclerosis, cholesteatoma, symptoms of otalgia or vertigo,
and hearing loss >40 dB, are found [4,19].

Previous studies have reported that bacterial prevalence in
middle ear effusions is 20-50%, although the population was
diagnosed as acute otitis media or OME [20-23]. We assumed
that some bacteria could be expected to be found in middle
ear effusions, and the pathogen could have a relationship with
nasopharyngeal colonizing bacteria. However, no bacteria
were isolated from any of the 31 middle ear effusion samples
collected. This may be explained by the indication for ventila-
tion tube insertion that was applied to the study population,
which was different from other studies. Regardless of anti-
microbial use in the recent 2 months, the sterile nature of
middle ear effusions support no need for antibiotics to treat
persistent OME. The American clinical guidelines also made
strong recommendations against using systemic antibiotics
for treatment OME in children [4].

Recently, molecular genetic techniques, such as polymerase
chain reaction (PCR), have replaced conventional culture me-
thods. Using these recently developed techniques, detection
rates of causative pathogens have increased. This methodo-
logy has been applied to middle ear fluid specimens [24,25].
However, we could not perform a PCR assay due to a storage
problem. In addition, considering the over-detection of in-
active bacteria in PCR assays, we focused on living bacteria
isolated using conventional culture methods.

The contribution of nasopharyngeal colonizing bacteria to
otitis media has been established, and the bacterial pathogens
had been studied [26,27]. In our study, there was no differ-
ence in antimicrobial use during a recent 2-month period
between the case and control groups. However, nasophar-

yngeal colonization rates in the control group (54.89%0) were

greater than those in the case group (41.9%). This result sug-
gests that other factors, in addition to nasopharyngeal colo-
nizing bacteria, contribute to persistent OME. We cannot
draw definitive conclusions because some patients in the con-
trol group visited our hospital complaining of respiratory
symptoms.

This study had some limitations, the first of which were
the relatively small sample size and its single-center design.
Other predisposing factors, such as adenoid hypertrophy and
allergic disorders, could not be investigated. If patients who
spontaneously improved after the diagnosis of OME were
investigated, risk factors for ventilation tube insertion could
be more defined. Despite these limitations, this study should
prompt clinicians to prospectively investigate risk factors for
ventilation tube insertion in patients with OME disease only.
Additionally, during the study period, we applied strict in-
dications for ventilation tube insertion while considering the
guidelines. We were able to confirm the principle of test hea-
ring loss watching for spontaneous improvement. The sterile
middle ear fluid found in children with OME children support
the efficacy of antimicrobial use. Earlier attendance at a day-
care center was the only statistically significant risk factor
and, therefore, should prompt careful consideration before
a decision is made to send a child to a daycare center. Future
studies investigating OME should further examine the rela-
tionship between ventilation tube insertion and antimicrobial
use. Furthermore, we believe that molecular-based methods
investigating middle ear effusion and nasopharyngeal aspira-

tes are promising research areas to pursue.
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