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Otitis media with effusion (OME) is one of the most common ear diseases. Bacterial endotoxins and several
inflammatory cytokines appear to be involved in the pathogenesis of OME in children; however, little is known
of the immunological aspects of the onset of OME in adults. We sought to determine the presence of
macrophage migration inhibitory factor (MIF) as well as interleukin 1␤ (IL-1␤), tumor necrosis factor alpha
(TNF-␣), RANTES (regulated upon activation, normal T-cell expressed and presumably secreted), and endotoxin in middle ear effusions (MEEs) from adult patients with OME. In addition, the levels of MIF in MEEs
from adults and children were compared. MEE was obtained from 95 adults and 11 children. The levels of MIF,
IL-1␤, TNF-␣, and RANTES were determined by enzyme-linked immunosorbent assay, and the concentrations
of endotoxin and total protein were determined by the Endospec assay and bicinchoninic acid assay, respectively. MIF was detected in 97.9% of the MEEs from adults, while endotoxin, IL-1␤, TNF-␣, and RANTES were
detected in 96.8, 12.6, 5.3, and 43.9%, respectively. In addition, the level of MIF was significantly higher than
those of endotoxin, IL-1␤, and TNF-␣. A positive correlation between the levels of MIF and endotoxin was
observed. MIF and endotoxin were detected in 81.8 and 72.7%, respectively, of the MEEs from the children. The
level of MIF was significantly higher in the children, and conversely that of endotoxin was significantly higher
in the adults. These results suggest that the interaction between MIF and endotoxin may promote fluid
collection in the middle ear, particularly in adults.
are culture negative for bacteria (17). In addition, one recent
study revealed that sinusitis is also a common causal factor for
adult onset OME (12). Endotoxin-producing pathogens such
as Haemophilus influenzae and Moraxella catarrhalis can be
detected in adult patients with sinusitis (23), thus suggesting
that the immune responses triggered by bacterial endotoxins
may be involved in the pathogenesis of the onset of OME in
adults.
A 1966 report identified macrophage migration inhibitory
factor (MIF) as a factor that inhibits the migration of macrophages in vitro and as the first cytokine secreted from activated
T cells (9). Recently, MIF has been found to be secreted from
not only T cells but also various cells such as monocytes/
macrophages, eosinophils, keratinocytes, epithelial cells, and
corticotropic cells of the anterior lobe of hypophysis in response to infection and stress (7, 19, 25). Among these, endotoxins from gram-negative bacteria have been shown to be
powerful inducers of MIF secretion by macrophages, and MIF
induces the release of TNF-␣ from macrophages through autocrine and paracrine mechanisms (7). MIF is currently believed to play a pivotal role in regulating inflammatory responses triggered by bacterial endotoxins since mice deficient
in the MIF gene are resistant to septic shock (5). In addition,
MIF functions as a counterbalance of the anti-inflammatory
and immunosuppressive effects of glucocorticoids (6).
Although one very early report from 1976 has demonstrated
the existence of MIF in MEE (3), the role of MIF in OME,
particularly in adults, has not been determined over the past 2

Otitis media with effusion (OME) is one of the most common middle ear diseases and leads to an intractable hearing
loss in both children and adults (12, 14). In children, many
studies have demonstrated the involvement of immune reactions and/or eustachian tube dysfunction induced by bacterial
infections in the middle ear and/or nasopharynx in the pathogenesis of OME (4, 10, 13, 14, 16, 30, 31). To date, several
inflammatory cytokines such as interleukin 1 (IL-1), IL-2, IL-6,
IL-8, and tumor necrosis factor alpha (TNF-␣) are observed in
middle ear effusions (MEEs) (13, 30, 31). In addition, bacterial
DNAs and components such as endotoxins are also detected in
MEEs, whereas bacterial culture from MEEs is often negative
(4, 10, 16).
On the other hand, little is known of the immunological
aspects of the onset of OME in adults (12, 17, 22, 28). Recently, proinflammatory cytokines such as IL-1␤ and TNF-␣
were detected in some cases of MEEs from adult OME, although the presence of these cytokines in adults was less frequent than in children (22). RANTES (regulated upon activation, normal T-cell expressed and presumably secreted) may
contribute to the pathogenesis of OME in children (27). Furthermore, the majority of MEEs from adult OME are PCR
positive for bacterial genomic sequences, whereas most MEEs
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TABLE 1. Incidence of endotoxin, cytokines (MIF, IL-1␤,
and TNF-␣), and RANTES in MEEs in adults
Protein

No. of positive samples/
total no. of samples

% Positive
samples

MIF
IL-1␤
TNF-␣
RANTES
Endotoxin

93/95
12/95
5/95
29/66
92/95

97.9
12.6
5.3
43.9
96.8

MATERIALS AND METHODS
Patients and samples. MEEs were collected from 95 adult subjects (47 males
and 48 females, aged 35 to 92 years [mean, 64.9 years]) and 11 children (4 males
and 7 females, aged 6 months to 13 years [mean, 4.9 years]) after myringotomy
or insertion of a ventilation tube. All patients had obvious effusion, and the
effusion could be detected through the eardrum. Prior to collection of MEEs, 8
of the 95 adult subjects and 6 of the 11 children had had an episode of acute otitis
media (AOM) involving earache, fever, and/or otorrhea within the previous
month. No patients took antibiotics or immunosuppressive drugs, including corticosteroids, within the 2 weeks prior to MEE collection. In addition, no neoplasms, including nasopharyngeal cancer, or immune deficiency was detected in
any patient. Nineteen patients had allergic rhinitis.
The collected MEEs were transferred to 0.65-ml microcentrifuge tubes (Corning) and then were classified into two groups (mucoid or serous type) based on
whether or not they flowed on inversion. Of the 95 adult subjects, 30 had MEEs
of the mucoid type and 65 had MEEs of the serous type. On the other hand, five
children had mucoid-type MEEs, while the remaining six had serous-type MEEs.
The collected MEEs were stored at ⫺80°C until analysis. All MEEs were analyzed within 6 months after collection. Myringotomy and ventilation tube insertion were performed after informed consent was obtained from the patient or
guardian. Since the samples used were surplus material following surgery, additional consent from patients and clearance by an ethics committee were not
required.
Measurement of MIF, IL-1␤, TNF-␣, RANTES, endotoxin, and total protein
in MEEs. Samples were spun in a centrifuge at 2,236 ⫻ g for 10 min to separate
cellular components. After centrifugation, the concentrations of MIF, IL-1␤,
TNF-␣, RANTES, endotoxin, and total protein in MEEs were determined.
Levels of IL-1␤ and TNF-␣ in MEEs were measured with Opt enzyme immunoassay sets (Pharmingen) according to the manufacturer’s instructions. The
detection limit of these assays was 10 pg/ml for both IL-1␤ and TNF-␣. The levels
of RANTES in the 66 adult subjects were measured with Quantikine (R&D
Systems Inc.) according to the manufacturer’s instructions. The level of MIF was
determined by sandwich enzyme-linked immunosorbent assay as described previously (21). Briefly, Maxisorp 96-well plates (Nunc Laboratories Ltd.) were
coated with 50 l of mouse anti-human MIF monoclonal antibody (R&D Systems Inc.) at 2.0 mg/ml in 0.05 M carbonate buffer, pH 9.6, and incubated
overnight at 4°C. After the plate was washed with phosphate-buffered saline
(PBS) containing 0.05% Tween 20 (PBS-Tween 20), each well was blocked with
PBS containing 10% fetal bovine serum (FBS) and allowed to stand at 37°C for
2 h. The plate was washed again with PBS-Tween 20, 50 l of either the sample
diluted 1:20 in PBS or purified recombinant human MIF (R&D Systems Inc.)
was added to two wells, and the plate was then allowed to stand at 37°C for 2 h.
Standard curves were created with recombinant human MIF (0 to 8,000 pg/ml),
and the sensitivity of detection was 10 pg/ml. After the plate was washed four
times with PBS-Tween 20, 80 l of 1-mg/ml biotinylated anti-human MIF (R&D
Systems Inc.) diluted in PBS–10% FBS was added to each well, and then plate
was allowed to stand at 37°C for 2 h. After the plate was washed, 80 l of
ExtrAvidin-peroxidase (Sigma Chemical Co., St. Louis, Mo.) diluted 1:1,000 with

FIG. 1. Concentration of cytokines, RANTES, and endotoxin in
MEEs in adult cases. Concentrations of MIF, IL-1␤, TNF-␣, RANTES, and endotoxin were divided by the concentration of total protein
of each sample for standardization. MIF showed a significantly higher
concentration than IL-1␤ (P ⬍ 0.001), TNF-␣ (P ⬍ 0.001), RANTES
(P ⬍ 0.001), and endotoxin (P ⬍ 0.001) (nonparametrical MannWhitney U test).

PBS-10% FBS was added to each well, and the plate was allowed to stand at 37°C
for 1 h. After the plate was washed, 80 l of tetramethylbenzidine substrate
(Kirkegaard and Perry) was added to each well, and the plate was allowed to
stand at room temperature for 15 min. The reaction was stopped with 25 l of
5% phosphoric acid, and the absorbance was determined at 450 nm with a
microplate reader (Molecular Devices).
The concentration of endotoxin in MEEs was determined with an Endospec
assay kit (Seikagaku Kogyo Corporation, Tokyo, Japan) according to the manufacturer’s instructions. The detection limit for the assay was 4 pg/ml. The
concentration of total protein in the MEEs was determined by bicinchoninic acid
assay according to the manufacturer’s instructions (Pierce, Rockford, Ill.). All
samples were determined in duplicate, and the measured values were then
averaged. The concentrations of MIF, IL-1␤, TNF-␣, and endotoxin were divided by the concentration of total protein (milligrams of total protein per
milliliter) for standardization.
Statistical analysis. Data represent the means ⫾ standard deviations. Statistical analysis was performed by using the nonparametrical Mann-Whitney U test,
2 test, and Spearman’s rank correlation. Significant difference was established at
a P level of ⬍0.05.

RESULTS
Levels of MIF, endotoxin, IL-1␤, TNF-␣, and RANTES in
MEEs from adult subjects. MIF was detected in the MEEs of
93 of the 95 adult subjects (97.9%), with concentrations ranging from 3.7 to 83,255.7 pg/mg of total protein (mgTP) (25th
percentile, 78.3 pg/mgTP; 50th percentile, 174.7 pg/mgTP; 75th
percentile, 412.7 pg/mgTP), while endotoxin, IL-1␤, and
TNF-␣ were detected in the MEEs from 92 (96.8%; range, 2.5
to 3,435.7 pg/mgTP), 12 (12.6%; range, 0.6 to 1,473.2 pg/
mgTP), and 5 (5.3%; range, 2.7 to 554.6 pg/mgTP) of the 95
adult subjects, respectively (Table 1). RANTES was detected
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decades. In the present study, we investigated the existence of
MIF as well as IL-1␤, TNF-␣, RANTES, and endotoxin in
MEEs from adult patients with OME. In addition, the levels of
MIF in adult and pediatric patients with OME were compared.
Our results demonstrate that MIF is present in most MEEs
from adult OME and may play an important role in the pathogenesis of OME after the host’s exposure to endotoxins in the
middle ear.
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in the MEEs from 29 (43.9%; range, 0.1 to 109.9 pg/mgTP) of
the 66 adult subjects. The incidence of MIF-positive MEEs was
significantly greater than that of IL-1␤- (P ⬍ 0.001 by 2 test)
and TNF-␣-positive (P ⬍ 0.001) samples but not that of endotoxin-positive samples (P ⫽ 0.650). The incidence of endotoxin-positive MEEs was also significantly greater than that of
IL-1␤- (P ⬍ 0.001 by 2 test) and TNF-␣-positive (P ⬍ 0.001)
MEEs. In contrast, no significant difference between the detection rates for IL-1␤ and TNF-␣ was observed (P ⫽ 0.075).
The mean levels of MIF, endotoxin, IL-1␤, TNF-␣, and
RANTES in MEEs from adult OME were 1,467.1 ⫾ 8,790.8,
160.2 ⫾ 481.6, 21.3 ⫾ 157.8, 6.8 ⫾ 57.1, and 17.5 ⫾ 26.8
pg/mgTP, respectively (Fig. 1). MIF was present in significantly
higher concentrations than endotoxin (P ⬍ 0.001), IL-1␤ (P ⬍
0.001), and TNF-␣ (P ⬍ 0.001). In addition, endotoxin was
present in significantly higher concentrations than IL-1␤ (P ⬍
0.001) and TNF-␣ (P ⬍ 0.001). In contrast, no significant
difference between the concentrations of IL-1␤ and TNF-␣
was observed (P ⫽ 0.090).
Significantly a positive correlation between the levels of MIF
and endotoxin in adult MEEs was observed (Fig. 2a; P ⬍
0.001). In addition, the level of MIF showed significant correlations with the levels of IL-1␤ (Fig. 2b; P ⫽ 0.008) and TNF-␣
(Fig. 2c; P ⫽ 0.022). A significantly positive correlation between the levels of endotoxin and IL-1␤ was observed (P ⫽

0.038). However, no significant correlation between the level of
endotoxin and that of TNF-␣ was obtained (P ⫽ 0.887). On the
other hand, a highly significant strong correlation between the
levels of IL-1␤ and TNF-␣ was obtained (P ⬍ 0.001). The
RANTES level in adult MEEs showed significant correlation
with the levels of MIF (Fig. 2d; P ⬍ 0.001) and endotoxin (Fig.
3; P ⬍ 0.001).
The level of MIF in mucoid MEEs (mean, 4,040.6 ⫾
15,492.3 pg/mgTP) was significantly higher than that in serous
effusions (mean, 279.4 ⫾ 458.9 pg/mgTP; P ⫽ 0.002) (Fig. 4).
The levels of endotoxin (mean, 357.6 ⫾ 822.6 pg/mgTP) and
TNF-␣ (mean, 21.3 ⫾ 101.3 pg/mgTP) were also significantly
higher in mucoid MEEs than in serous MEEs (mean for endotoxin, 69.1 ⫾ 85.3 pg/mgTP [P ⫽ 0.027]; mean for TNF-␣,
0.1 ⫾ 0.5 pg/mgTP [P ⫽ 0.016]) (Table 2). The level of IL-1␤
in mucoid MEEs (mean, 67.0 ⫾ 278.5 pg/mgTP) was high, but
no significant difference from that in serous effusions (mean,
0.2 ⫾ 0.8 pg/mgTP [P ⫽ 0.120]) was observed.
In addition, patients who experienced AOM within 1 month
prior to the collection of MEEs showed significantly higher
levels of IL-1␤ (mean, 250.9 ⫾ 518.2 pg/mgTP) and TNF-␣
(mean, 79.5 ⫾ 192.9 pg/mgTP) than patients with no history of
AOM during the same period (mean for IL-1␤, 0.2 ⫾ 0.7
pg/mgTP [P ⬍ 0.001]; mean for TNF-␣, 0.1 ⫾ 0.5 pg/mgTP [P
⬍ 0.001]) (Table 3). On the other hand, the levels of MIF and
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FIG. 2. Correlation between the levels of MIF and endotoxin (a), IL-1␤ (b), TNF-␣ (c), and RANTES (d) in MEEs in adult cases.
Concentrations of MIF, endotoxin, IL-1␤, and TNF-␣ were divided by the concentration of total protein of each sample for standardization. The
level of MIF showed significant correlation with the levels of endotoxin, IL-1␤, TNF-␣, and RANTES.
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endotoxin for the patients with (MIF, 3,095.3 ⫾ 7,807.4 pg/
mgTP; endotoxin, 44.0 ⫾ 51.2 pg/mgTP) or without (MIF,
1,317.4 ⫾ 8,901.5 pg/mgTP [P ⫽ 0.688]; endotoxin, 170.9 ⫾
501.9 pg/mgTP [P ⫽ 0.321]) a history of AOM were similar.
Comparison of MIF level in MEEs from children and adult
patients with OME. MIF, endotoxin, and IL-1␤ were detected
in the MEEs of 9 (81.8%; range, 520.7 to 41,646.3 pg/mgTP),
8 (72.7%; range, 2.8 to 283.4 pg/mgTP), and 2 (18.2%; range,
34.6 to 177.9 pg/mgTP), respectively, of the 11 children. However, TNF-␣ was not detected in the MEEs of these children.
The incidence of IL-1␤ in MEEs was significantly lower than
that of MIF (P ⫽ 0.003 by 2 test) or endotoxin (P ⫽ 0.010).
The mean levels of MIF, endotoxin, and IL-1␤ in the children’s MEEs were 4,504.0 ⫾ 12,328.3, 47.6 ⫾ 93.1, and 19.3 ⫾
53.6 pg/mgTP, respectively. MIF was present at a significantly
higher concentration than either endotoxin (P ⫽ 0.006) or
IL-1␤ (P ⬍ 0.001). In addition, endotoxin was present at a
significantly higher concentration than IL-1␤ (P ⫽ 0.045).
However, no significant correlation between the level of endotoxin and that of MIF was obtained (r ⫽ 0.461, P ⫽ 0.158).
A comparison of the levels of MIF, endotoxin, and IL-1␤ in
MEEs from adult (n ⫽ 95) and pediatric (n ⫽ 11) patients
revealed that the level of MIF was significantly higher in the
children (P ⫽ 0.013) and that, conversely, the level of endotoxin was significantly higher in the adults (P ⫽ 0.022). The
concentrations of IL-1␤ in MEEs from adults and children
were not significantly different (P ⫽ 0.526).
DISCUSSION
In the present study, we demonstrated that MIF is frequently found in MEEs. In particular, this is the first study to

FIG. 4. The concentrations of MIF in mucoid and serous MEEs in
the 95 adult cases.

detect MIF in MEEs from not only children but also most
(97.9%) of the adult OME patients examined. These findings
suggest that MIF may play a key role in the onset and/or
exacerbation of adult OME. Despite the fact that adult OME
is not an uncommon disease (12), the pathogenesis of the onset
of adult OME remains unclear. Nasopharyngeal carcinoma,
sinusitis, bacteria, and production of proinflammatory cytokines are all thought to be involved in the onset of this disease
(12, 13, 17, 22, 26, 28). In the present study, we excluded
patients with neoplasms, including nasopharyngeal carcinoma,
since most of those patients received radiotherapy and/or chemotherapy, which, in addition to the tumor burden itself, may
have affected host immunity (15).
Several cytokines such as IL-1␤, TNF-␣, and IL-8 have been
found in adult MEEs (13, 22). Ondrey et al. reported that
IL-1␤ and TNF-␣ were present in 12.0 and 8.0%, respectively,
of MEEs from adult OME (22). Although we did not examine
the level of IL-8 in MEEs, the present study detected IL-1␤
and TNF-␣ in 12.6 and 5.3%, respectively, of MEEs from

TABLE 2. Concentrations of endotoxin and cytokines in mucoid and serous MEEs
Mean concn (pg/mgTP) ⫾ SD of:

Type

Patient

No. of cases

MIF

IL-1␤

TNF-␣

Endotoxin

Mucoid

Adult
Child

30
5

4,040.6 ⫾ 15,492.3
9,078.0 ⫾ 18,209.3

67.0 ⫾ 278.5
35.6 ⫾ 79.6

21.3 ⫾ 101.3
0.0 ⫾ 0.0

357.6 ⫾ 822.6
41.8 ⫾ 74.4

Serous

Adult
Child

65
6

279.4 ⫾ 458.9
692.3 ⫾ 593.2

0.2 ⫾ 0.8
5.7 ⫾ 14.1

0.1 ⫾ 0.5
0.0 ⫾ 0.0

69.1 ⫾ 85.3
52.4 ⫾ 113.4
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FIG. 3. Significant positive correlation between the levels of RANTES and endotoxin in MEEs in the 66 adult cases.
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TABLE 3. Concentrations of endotoxin and cytokines in MEEs from patients with or without AOM prior to OME
Prior AOM

Patient

No. of cases

Present

Adult
Child

Absent

Adult
Child

Mean concn (pg/mgTP) ⫾ SD of:
MIF

IL-1␤

TNF-␣

Endotoxin

8
6

3,095.3 ⫾ 7,807.4
7,745.1 ⫾ 16,616.5

250.9 ⫾ 518.2
35.4 ⫾ 71.2

79.5 ⫾ 192.9
0.0 ⫾ 0.0

44.0 ⫾ 51.2
78.5 ⫾ 121.5

87
5

1,317.4 ⫾ 8,901.5
614.6 ⫾ 403.2

0.2 ⫾ 0.7
0.0 ⫾ 0.0

0.1 ⫾ 0.5
0.0 ⫾ 0.0

170.9 ⫾ 501.9
10.5 ⫾ 8.2

(27). In addition, the levels of RANTES and MIF in MEEs are
positively and significantly correlated (P ⬍ 0.001).
MIF promotes inflammatory responses, including release of
proinflammatory mediators such as TNF-␣, by macrophages
and activating T cells (7). After stimulation of endotoxin, MIF
is rapidly released from various cells such as macrophages and
pituitary cells and promotes innate immune responses through
activation of NF-B and Toll-like receptor 4 (2, 7, 24). In fact,
mice deficient in the MIF gene are resistant to endotoxic
shock, and MIF is absent from the serum of MIF gene-deficient mice (5). Mice are protected from endotoxic shock when
MIF activity is neutralized by anti-MIF antibodies (8). Furthermore, MIF is produced rapidly following infection with
Escherichia coli, and mortality and TNF-␣ production decrease
in mice upon treatment with anti-MIF antibodies (8). In addition, septic shock due to E. coli-induced peritonitis is exacerbated in mice inoculated with recombinant MIF (8). Thus, the
present results suggest that responses against endotoxin in the
middle ear lead to MIF production and subsequently induce
MEEs, particularly in adults.
In the present study, adult patients who had a recent history
of AOM and those with no history of AOM showed similar
levels of MIF and endotoxin in MEEs, suggesting that active
infection with gram-negative bacteria is not involved in the
production of MIF but that the presence of the bacteria and
subsequent release of endotoxin may be key factors in the
induction of MIF production in the middle ear. On the other
hand, adult patients showed significantly higher levels of IL-1␤
and TNF-␣ when they had a recent history of AOM. This result
further suggests that active infection promotes IL-1␤ and
TNF-␣ production in the middle ear. In fact, upper airway
infection is known to increase the level of TNF-␣ in MEEs
(20). In addition, Barzilai et al. reported that the level of IL-1␤
in MEEs was significantly higher in culture-positive patients
than in culture-negative children (1).
The level of MIF, as well as those of endotoxin and TNF-␣,
in MEEs was significantly higher in mucoid-type than in serous-type MEEs. TNF-␣ plays an important role in the development of mucous otitis media by promoting Muc2, the mucin
gene, expressed in the middle ear epithelium (18). As described above, production of MIF is stimulated by TNF-␣, and
subsequently MIF induces the release of TNF-␣ from macrophages through autocrine and paracrine mechanisms (7). Thus,
the interaction between MIF and TNF-␣ may cause the MEEs
to be mucous in nature.
Although we examined limited samples, MIF was detected
in 81.8% of MEEs from pediatric OME, suggesting that MIF
may also play an important role in the pathogenesis of pediatric OME.

Downloaded from http://cvi.asm.org/ on September 25, 2020 by guest

adults. This result is consistent with the report of Ondrey et al.
demonstrating IL-1␤ and TNF-␣ in 12.0 and 8.0%, respectively, of MEEs from adult OME (22). The low rates of these
two cytokines in adult MEEs suggest that the onset or prognosis or both of adult OME are not strictly associated with
IL-1␤ and TNF-␣. Schousboe et al. reported that RANTES
was present in 94 (82%) of 114 effusions from children, with a
median concentration of 79.7 pg/mgTP (27). The level of
RANTES in adult subjects is lower (17.5 pg/mgTP).
Another fascinating finding is that endotoxin was frequently
(96.8%) detected in MEEs from our adult patients with OME.
Endotoxins are lipopolysaccharide complexes found on the
outer surfaces of most gram-negative bacteria such as Haemophilus influenzae and Moraxella catarrhalis (10). In pediatric
OME, it is well known that endotoxin-positive MEE is detected at high rates. DeMaria et al., Iino et al., and Dingman et
al. reported that 80.0, 69.0, and 76.4%, respectively, of MEEs
from children exhibit endotoxin activity (10, 11, 16). Our
present result that 72.7% of pediatric MEEs contain endotoxins is consistent with those reports.
We did not attempt to culture bacteria from the MEEs, as
bacteria in MEEs are notoriously difficult to culture (4, 11, 16).
Beswick et al. demonstrated that many bacterial species were
detected in MEEs by PCR, whereas no bacterial growth was
detected by culture-based approaches for 10 of their 12 patients (4). In addition, endotoxin has been shown to be present
in MEEs negative for bacteria by both culture and Gram stain
(10). Thus, the high prevalence of endotoxin-positive MEE
may reflect the presence of gram-negative bacteria in the middle ear.
The levels of MIF and endotoxin in MEEs are positively and
significantly correlated (P ⬍ 0.001). Significant correlation between the levels of endotoxin and IL-1␤ is observed (P ⫽
0.005). On the other hand, the amount of endotoxin present is
not correlated with the levels of TNF-␣ (P ⫽ 0.887). In pediatric MEEs, there are strong correlations between the concentrations of endotoxin and TNF-␣ and between the concentrations of endotoxin and IL-1␤ (29). These results strongly
suggest that the interaction between endotoxin and MIF rather
than that between endotoxin and TNF-␣ may be involved in
the pathogenesis of OME in adults. In addition, a very significant strong correlation between the level of IL-1␤ and that of
TNF-␣ (P ⬍ 0.001) in adult MEEs was observed; this is consistent with the report by Ondrey et al. demonstrating that the
amount of TNF-␣ present is strongly correlated with the levels
of IL-1␤ in pediatric MEEs (22). The levels of RANTES and
endotoxin in MEEs are positively and significantly correlated
(P ⬍ 0.001). This result is consistent with the report of Schousboe et al. demonstrating RANTES in MEEs from children
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In conclusion, we demonstrated that MIF and endotoxin are
frequently detected in adult MEEs. Importantly, a strong correlation between the presence of MIF and endotoxin was obtained, and both were detected even in those who had no
recent history of AOM. In addition, MIF was also frequently
detected in pediatric MEEs. These results suggest that the
interaction between MIF and endotoxin may promote fluid
collection in the middle ear, particularly in adults. However,
whether the level of MIF is a result of the endotoxin-induced
MEEs or is actually part of the cause is unclear. Endotoxin
induces the elaboration of MIF, which can induce TNF-␣. The
latter is not detected in many MEEs by enzyme-linked immunosorbent assay. In the future, when appropriate anti-MIF
treatments are possible in humans, it might be possible to
diminish the MEEs from OME. These results provide a basis
for future therapeutic approaches in the management of OME
by regulating MIF activation triggered by endotoxins.

