
Abstract Although otitis media with effusion is often
preceded by an infection of the tympanic cavity, when cul-
tured, many effusions show no culturable bacteria. Based
on the hypothesis that the effusion might play a protective
role in the course of infection, the influence of this fluid
on adhesion of H. influenzae (Hi) type-b strain 770235
and nontypeable H. influenaze (NTHi) strains to buccal
epithelial cells was investigated. Effusions were classified
as mucoid, seromucoid and serous. Mucoid secretions in-
hibited adhesion to a significantly greater extent (62%)
than did seromucous (52%) and serous effusions (47%)
(P<0.001). The glycoprotein and high-molecular-weight
fractions showed similar levels of inhibition. Sialic acid
concentration, and, to a lesser extent, protein concentra-
tion, correlated with the level of inhibition. Desialylated
effusions lost their ability to block bacterial attachment.
Thus, middle ear effusion fluid exhibits an inhibitory ef-
fect that is due to mucins, which determine viscosity and
represent the sialylated high-molecular-weight glycopro-
tein fraction of the effusion.

Keywords Mucin · Bacterial adhesion · Otitis media

Introduction

Otitis media with effusion (OME) is defined as an accu-
mulation of fluid behind an intact tympanic membrane
without acute signs or symptoms of infection. Between
54–86% of children experience at least one episode of
acute otitis media by the age of 2 years, and middle ear ef-
fusions (MEEs) occur in up to 90% of children by that age
[1, 2]. The cause of OME has been a matter of debate and
is still not completely understood. It seems to be multifac-
torial, with eustachian tube dysfunction, viral or bacterial
infection or both being important factors. Edema of the
tubal orifice, as can be found in pharyngitis or allergic
rhinitis, or malfunction of the eustachian tube, as in cleft
palate or other craniophraryngeal malformations, may
lead to failure of drainage of normally produced middle
ear secretions. It has also been postulated that OME is
simply a continuum of acute otitis media [3], with effu-
sion remaining after bacteria have been cleared. The effu-
sion develops in association with inflammatory changes
of the mucosa lining the middle ear cavity. It has recently
been suggested that the inflammatory stimuli are bacterial
components, such as lipopolysaccharides, which stimulate
TNF-alpha production and thereby induce mucous hyper-
plasia and mucin production mediated by nitric oxide [2,
4, 5, 6]. In OME a metaplastic change of the normally
columnar respiratory epithelium into a secretory-type ep-
ithelium with proliferation of goblet cells and mucus
glands occurs [7, 8], and the result is the accumulation of
fluid in the middle ear cavity.

Some authors report that bacteria can be found in up to
52% of patients with MEE and that with longer persis-
tence bacteria are less likely to be cultured from MEE [3].
Other investigators found the fluids to be sterile in up to
92% of the cases [9]. Haemophilus influenzae, Strepto-
coccus pneumoniae and Moraxella catarrhalis are the
most commonly isolated pathogens, and Haemophilus in-
fluenzae has been shown to be predominant in recurrent
disease [10]. Since attachment of bacteria to respiratory
cells is a necessary prerequisite for infection, we investi-
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gated the ability of different Hi strains to adhere to buccal
epithelial cells and the role of MEEs in blocking bacterial
adhesion.

We hypothesized that MEEs not only cause hearing
impairment and consequently a delay in speech develop-
ment, but also could play an anti-infective role. From pre-
vious studies we knew that the sugar residues on mucin
molecules can play a protective role in the course of in-
fection. Our aim in this study was to investigate the effect
that MEEs, and particularly the mucins in the effusions,
have on bacterial adhesion.

Materials and methods

Sixty-six MEE samples were collected from 44 children (23 male,
21 female) during tympanostomy under the control of an operating
microscope without sterilization of the ear canal. The MEE sam-
ples were aspirated into a Tym-Tap collector (Juhn Tym-Tap,
Xomed, Inc.) The age of the children ranged from 1 to 9 years
(mean =4.96 years). Effusions were classified into mucoid, sero-
mucoid and serous, as described by Carrie et al. [11] on the basis
of their physical appearance and their ability to flow on inversion.

Testing for bacterial contamination

Within 4 h after aspiration the samples were tested for bacterial
contamination. Sterile loops were dipped in undiluted MEEs. 
The lower limit of detection of bacterial contamination was about
100 bacteria/ml. A calibrated loop was used for testing the sam-
ples.

The specimens were plated on chocolate and sheep blood agar.
Identification of bacterial species was performed according to
standard laboratory methods. No antibiotics had been administered
within 2 weeks prior to myringotomy.

Pretreatment of the MEEs

The volume of the samples ranged from 20 to 250 µl (mean= 
97.15 µl). All MEE samples were kept frozen prior to use. To liq-
uefy the highly viscous fluids, a saline solution containing 8 M
guanidin-HCl, 2 mM dithiothreitol, 2 mM EDTA and 2 mM so-
dium phosphate was added to each sample at equal volumes and
left at room temperature overnight. To wash out the added sub-
stances, the MEEs were placed on Sephadex G25 columns (NAP-5,
Pharmacia Biotech, Freiburg, Germany) and eluted with 1 ml 
0.01 M phosphate-buffered saline (PBS). All samples, regardless
of viscosity, were treated as described above to create equal condi-
tions. The added substances do not alter the receptoranalog struc-
tures on the mucin molecule, the component of the effusions that
we focused on. Other proteins could possibly become reduced or
denaturated so that no comment can be made about their additional
effect on bacterial adhesion.

Buccal epithelial cells (BECs)

Due to the unavailability of human middle ear mucosal cells and
the various unfavorable characteristics of cell lines, we decided to
use BECs, representing human mucosal epithelial cells. BECs
were obtained by gently scraping the buccal mucosa of a healthy
adult nonsmoker with a spoon. BECs were washed three times in
0.01 M PBS containing 0.1% bovine serum albumin (BSA) and
then re-suspended in the same buffer to 1×105 BEC/ml.

Bacteria

Due to the different use of terms in the literature, the filamentous
structures will be referred to as fimbriae on type-b H. influenzae
(Hib) and as pili on NTHi throughout the manuscript.

The following strains were used in the adherence assays: four
capsule and fimbrial variants of Hib strain 770235, i.e., fimbriated
and nonencapsulated (f+bo), fimbriated and encapsulated (f+b+),
nonfimbriated and nonencapsulated (fobo), nonfimbriated and en-
capsulated (fob+) and piliated (p+) and nonpiliated (p-) phase vari-
ants of the NTHi strains AAR 45, AAR 91 and AAR 176 [12, 13].
The strains were stored frozen at –70°C in aliquots in BHI medium
and 10% glycerol. They were taken from the frozen stocks for each
adhesion experiment and grown on chocolate agar plates overnight
under candle-jar atmosphere at 37°C. The bacteria were washed
three times and incubated with fluorescein-isothiocyanate (FITC)
for 30 min at 23°C. After removal of unbound FITC, the bacteria
were suspended in 0.01 M PBS to 2×108 bacteria/ml.

Adherence assay

One hundred µl of bacteria were incubated with 100 µl of a poten-
tial inhibitor for 30 min at 4°C [14]. Preliminary experiments
showed increased variability of the results at a shorter incubation
time of 15 min. The following substances were tested as inhibitors:
mucoid, seromucoid and serous MEEs (serial two fold dilution to
1:8), the glycoprotein fraction of the MEEs, the high-molecular-
weight fraction of the MEEs, desialylated MEEs, MEEs that were
heated to 95°C for 10 min to disrupt the immunoglobulin, purified
MUC1 from human milk and various negatively charged sub-
stances, such as dextran sulfate, hyaluronic acid, chondroitin sul-
fate (Serva, Heidelberg, Germany), fucoidan (Sigma Chemical
Co., St. Louis), polygalacturonic acid (Paesel KG, Frankfurt) and
sialic acid. Skimmed human milk was used as a control [14]. Two
hundred µl of the BECs were added and incubated with bacteria
and inhibitor for 60 min at 4°C (ratio BECs/bacteria was 1:1,000).
The suspension was washed twice, and the adherent bacteria to 
50 BECs were counted using a fluorescence microscope (Zeiss,
Jena, Germany). All experiments were carried out at least in dupli-
cate.

Measurement of protein, sialic acid, immunoglobulin A (IgA) 
and mucin

The protein content was measured according to the method of
Lowry [15] using BSA as a standard. The sialic acid concentration
was determined using the periodate-resorcinol method for mi-
crotiter plate readers [16]. IgA concentration was measured by ra-
dial immunodiffusion on LC-Partigen disks (Dade Behring, Schwal-
bach, Germany).

The presence of MUC1 in the effusions was determined by use
of a 2× Alkaline Phosphatase-Anti-Alkaline Phosphatase (APAAP)-
ELISA, which is described elsewhere [17]. After antigen immobi-
lization with 50 µl coating buffer, the mouse antibody BC-3
(1:1,000) was incubated at 37°C for 2 h and washed twice. The an-
tibody Z259 was added and incubated for 30 min at room temper-
ature. After an incubation period of 30 min with APAAP solution,
Z259 was added again and incubated for 20 min. A solution con-
taining 1 mg/ml p-nitrophenylphosphate in diethanolamine buffer
was added, incubated and measured in an ELISA reader at 405 nm.
MUC1 isolated from human milk fat globules was used as a posi-
tive control [18]. Z259 is a polyclonal rabbit anti-mouse Ig, which
serves as a bridging antibody between the primary mouse anti-
MUC1 (BC-3) and a mouse anti-alkaline phosphatase complexed
with the enzyme (APAAP). The BC-3 antibody (Ian McKenzie,
Austin Research Institute, Heidelberg, Australia) recognizes spe-
cifically the tandem repeats of all MUC1 glycoforms.

142



Glycoprotein isolation

The glycoprotein fraction of the MEEs was obtained by phenol ex-
traction as described by Uhlenbruck et al. [19]. The pretreated
MEEs were diluted 1:10 with distilled water, and the same volume
of 90% phenol was added and vortexed until opacity occurred. Af-
ter an incubation period of 20 min at 60°C, the suspension was
centrifuged for 30 min at 2,000 rpm. The clear supernatant was di-
alyzed overnight.

Gel chromatography

Two pooled mucoid effusions were fractionated on a Superdex HR
200 gel filtration column (1×30 cm, Pharmacia Biotech Freiburg,
Germany). The column was eluted with 100 mM sodium-phos-
phate buffer, and the high-molecular-weight fraction was dialyzed
against 0.01 M PBS overnight before being used in the adherence
assay.

Sialidase treatment

Four hundred µl of the pretreated MEEs were incubated with 1 ml
Vibrio cholerae neuraminidase (1 U/ml) for 18 h at 37°C and dia-
lyzed against 0.01 M PBS overnight.

Heat treatment

Two mucoid effusions were heated to 95°C in an incubator for 
10 min.

Statistical analyses

The findings of inhibition of bacterial attachment to cells in the
presence of various inhibitors were compared using the two-sided
Wilcoxon rank sum test. Spearman’s coefficient of rank correla-
tion was used to analyze correlations between the level of inhibi-
tion and the protein and sialic acid concentrations and between the
level of inhibition and different dilutions of the MEEs.

Results

Bacteriological investigation

Examination of the 66 MEE samples revealed positive
cultures in only five cases (7.58% of all samples) with two
samples harboring H. influenzae, one showing Moraxella
catarrhalis and another two harboring nonpathogens.
Contaminated effusions were excluded from further in-
vestigation.

Adherence of bacteria to BECs

In comparing the adhesion ability of the four Hib variants
without the addition of an inhibitor, the mean adherence
value was 31.82±6.32 organisms per epithelial cell for
Hib variant f+bo (n=38) and 29.12±3.32 for Hib variant
f+b+ (n=10). The nonfimbriated variants showed little ad-
herence with 2.56±0.35 bacteria per cell for variant fob+

(n=5) and 1.02±0.36 for variant fobo (n=5).
NTHi strain 45p+ adhered well, showing 24.89±0.34 bac-

teria per cell, and its nonpiliated variant 45p- showed

12.98±3.26 bacteria per cell. Strain 91p+ adhered with
21.02±2.07 bacteria per cell, variant 91p- with 20.71±
6.30. Strain 176p+ showed 22.10±1.57, and its non-
piliated variant 176p- showed 19.24±1.68 (n=3 in each
case).

Effect of MEEs on adherence

In Hib variant f+bo, mucoid effusions (n=18) inhibited ad-
herence by 62±6.03%, and this level of inhibition was sig-
nificantly higher (P<0.001) than both the effect of sero-
mucoid MEEs (n=8), which inhibited bacterial attachment
by 51±2.24%, and the effect of serous MEEs (n=8) on ad-
herence, which showed 47±11.38% inhibition. Using the
Hib variant f+b+ in the adherence assay, similar results
were obtained with mucoid MEEs (n=4) inhibiting adhe-
sion by 60±5.58%, seromucoid effusions (n=3) inhibiting
by 52±2.84% and serous MEEs (n=3) showing 47±1.60%
inhibition.

The inhibitory effect of MEEs on the attachment of the
nonfimbriated Hib variants fob+, and fobo could not be as-
sessed because of the low number of adherences in the ab-
sence of any inhibitors.

Adhesion of all NTHi strains (piliated and nonpiliated)
used in this study was inhibited by mucoid MEEs (n=5 in
each case) to a comparable degree, as was the adhesion of
Hib variant f+bo (Fig.1). The effect of serous MEEs on
bacterial adhesion was tested for strain 91p+. An inhibi-
tion of 44±9.22% was obtained.

The level of inhibition of bacterial adhesion correlated
with the dilution of both mucoid (r=0.96 for Hib f+b+;
r=0.96 for Hib f+b0; r=0.97 for NTHi 91 p+ and r=0.94
for NTHi 91 p-) and serous MEEs (r=0. 95 Hib f+b+;
r=0.97 Hib f+b0 and r=0.97 for NTHi 91 p+). Hence, the
inhibition of bacterial adhesion could be shown to be a
specific effect.
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Fig.1 Inhibition of adhesion of the various strains and variants of
H. influenzae by mucoid and serous effusions (MEEs) (*serous
MEEs not tested for NTHi p-). Data shown are means ± SDs; sta-
tistical significance was determined using the Wilcoxon rank sum
test. Equal amounts of mucins according to the ratio of sialic acid
vs. protein were used for each type of MEE



Effect of the glycoprotein fractions on adhesion

Since mucoid MEEs were the best inhibitor of bacterial
adherence, the fraction responsible for this effect was
sought. The component determining the viscosity of
MEEs is mucin [11], which is a high-molecular-weight
glycoprotein. Thus, the glycoprotein fraction was isolated
and used as a potential inhibitor. The effect of the glyco-
protein fractions of the MEEs on bacterial adherence was
tested using Hib variant f+bo. The glycoproteins of mu-
coid, seromucoid and serous MEEs inhibited the attach-
ment of bacteria to a comparable extent, as did the non-
fractionated effusions (Fig.2).

The effect of the glycoprotein fraction of the effusions
was also tested for the six NTHi strains, and comparable
results were obtained with a mean level of inhibition of
56.99±3.14% for the mucoid effusions, 46.58±3.04% for
the seromucoid and 37.83±2.83% for serous MEEs (n=2
in each case).

Inhibition of bacterial adherence 
by high molecular weight fractions

The eluted high-molecular-weight fraction of two pooled
mucoid MEEs was used in the adherence assay and inhib-
ited the adhesion of Hib variant f+bo by 52.36% (see 
Fig.2) and of all NTHi strains by 50±3.97%.

Detection of MUC1 in the MEEs

Using the ELISA technique MUC1 mucin was detected in
all the MEEs that were tested (n=5). Mucoid effusions
were found to contain more mucin than the serous effu-
sions. Semi-quantitative estimations were based on a cali-
bration curve measured for linearly diluted MUC1 from
human milk fat globule membranes, taking into consider-
ation that the primary anti-MUC1 antibody (BC-3) is
largely unaffected by the glycoforms of the mucin.

Influence of MUC1 on bacterial adhesion

Purified MUC1 from skimmed human milk was able to
block adherence of Hib variant f+bo by 46.31% (see 
Fig.2). Adhesion of the different NTHi strains could be
inhibited to a similar extent with 45±4.09%.

Protein and sialic acid contents

The level of inhibition of the Hib variants correlated with
the sialic acid concentration of the MEEs (r=0.84 for
770235 f+bo; r=0.92 for 770235 f+b+), and correlation
could also be found, although not to such a high degree,
between the protein content of the effusion and the level
of inhibition of bacterial attachment (r=0.75 for 770235
f+bo and r=0.89 for 770235 f+b+). The inhibition of adhe-
sion of the NTHi strains also correlated with the sialic
acid concentration (r=0.71 for piliated NTHi and r=0.68
for nonpiliated NTHi) and with the protein concentration
of the effusions (r=0.40 for piliated NTHi and r=0.72 for
nonpiliated NTHi).

Correlation could also be found regarding the influ-
ence of the glycoprotein fractions on bacterial adhesion
and their protein and sialic acid contents. The inhibition
of adherence of Hib variant f+bo correlated with the sialic
acid concentration of the glycoprotein fractions (r=0.94)
and with their protein concentration (r=0.82). Inhibition
of adhesion of the NTHi strains also correlated with the
sialic acid concentration (r=1.00) and with the protein
concentration of the fractionated effusions (r=0.83).

Mucoid MEEs contained more sialic acid (382.12±
22.70 µg/ml) than seromucoid MEEs (123.58±44.64
µg/ml) and serous MEEs (96.14±63.74). The protein con-
centration was also higher in mucoid effusions (6.29±
2.93 mg/ml) than in seromucoid (3.52±2.09 mg/ml) and
serous effusions (2.16±1.72 mg/ml).

Sialidase treatment

Since the sialic acids seemed to play a certain role in the
course of inhibition, two MEEs were desialylated and
again used in the adherence assay. Prior to treatment, the
effusions inhibited adhesion of the Hib f+bo variant by
75.56% and 60.61%, respectively, containing 744.44 and
671.65 µg/ml sialic acid. After incubation with Vibrio
cholerae neuraminidase, the effusions contained 5.65 and
2.55 µg/ml sialic acid and had completely lost their in-
hibitory effect on bacterial adhesion (data not shown).

Effect of purified sialic acid on adhesion

To assess whether the inhibitory effect of the mucins was
only due to the sialic acid, we investigated sialic acid and
its effect on adherence in the assay. No inhibition of adhe-
sion of any Hi strain was found at concentrations of up to
400µg/ml (data not shown).
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Fig.2 Influence of the middle ear effusions (MEEs) and their gly-
coprotein fractions, the effect of the high molecular weight fractions
and purified MUC1, respectively, on adherence of H. influenzae
770235 variant f+bo to buccal epithelial cells. Data are means ± SDs;
significance was determined by the Wilcoxon rank sum test



Effect of other potential inhibitors on adhesion

The carbohydrate chains of the mucin molecule carry sul-
phate groups and sialic acid residues, which both impart a
negative charge. To rule out the possibility that the in-
hibitory effect could be a matter of charge, several nega-
tively charged substances were tested for their effect on
bacterial attachment. Hyaluronic acid, fucoidan and chon-
droitin sulfate showed no inhibition of attachment of bac-
teria when added at a concentration of 100 µg/ml. Poly-
galacturonic acid inhibited bacterial adhesion of the Hib
variant f+bo by 20% and dextran sulfate by 9% at a con-
centration of 100 µg/ml, whereas no inhibition of bacter-
ial adhesion could be detected regarding NTHi. Higher
levels of inhibition could not be obtained by increasing
the concentration of the substances to 400 µg/ml.

Immunoglobulin A

Out of the 61 sterile MEEs, 40 gave negative results for
IgA by using the radial immunodiffusion method, with a
lower detection limit of 0.7 mg/dl (0.007 g/l). In the other
21 effusions, IgA concentrations ranged from 0.8 to 52.4 mg/dl,
and those results showed no evidence of correlation with
inhibition of bacterial attachment or with affiliation to
either of the three subgroups, i.e., mucoid, seromucoid
and serous. However, to finally exclude any effect of im-
munoglobulins on the inhibition of adhesion, two MEE
samples were heated to 95°C for 10 min. Prior to this
treatment, the samples inhibited bacterial attachment by
59% and 63%. After the heating process, the inhibition
was at 57% and 62%, respectively.

Discussion

According to the available evidence, otitis media with ef-
fusion, a frequent disease in children, is primarily an in-
flammatory condition. Possible stimuli include viruses,
allergies, bacteria and their breakdown products [3]. Bac-
teria such as H. influenzae, Streptoccocus pneumoniae
and Moraxella catarrhalis have been cultured from up to
40% of effusions [2, 20, 21, 22].

We have hypothesized that components of the effusion
have anti-infective activity because, in the presence of ef-
fusion, signs or symptoms of inflammation are typically
absent.

Middle ear effusions consist of water, cells, electro-
lytes and various high-molecular-weight compounds. The
latter include mucins, proteins, lipids and DNA. Secretory
mucins are of great interest because of their structural and
functional properties. Mucins, the major component of all
mucus secreted from epithelial cells, are highly glycosy-
lated, sialic acid-containing proteins linked together by
disulfide bridges to form large macromolecular com-
plexes. Due to the polyvalent presentation of receptorana-
log structures, mucins are capable of binding bacteria
through specific attachment sites [23, 24, 25]. While other

components of the effusion such as protein-bound hex-
osamines, neutral sugars and sialic acid pointed to the ori-
gin of the fluid [26], the presence of mucin proves that
MEEs are not simply passive transsudates from blood.

Mucins from middle ear effusions have been shown to
be similar in composition to mucins from other body sites.
Over ten different mucins have been identified so far [27].
In this study we focused on MUC1, which is found,
among other places, in the mucosa of the nose and maxil-
lary sinus and the lower airways [2]. Previous studies
have identified MUC5AC and MUC5B to be present in
middle ear effusions and MUC1 and MUC2 to be absent
[28]. We were able, however, to detect MUC1 in all the
effusions that were tested.

One explanation for this discrepancy is that Hutton et
al. tried to detect MUC1 using the monoclonal antibody
NCL-MUC1, which differs from the BC3 monoclonal an-
tibody used in this study. NCL-MUC1 from Novacastra
Ltd. is non-reactive to unglycosylated MUC1 tandem re-
peat peptide and becomes strongly reactive on specific
glycoforms of the mucin. BC3 is a peptide-specific anti-
body that recognizes the DTR motif within the tandem
repeat peptide independently of its glycosylation and
thus is better suited for the detection of all glycoforms of
MUC1.

In this study we were able to show that the attachment
of the fimbriated strains to cells could be inhibited after
incubating bacteria with human MEEs. This contrasts the
findings of Davies et al. [29], who found that pretreatment
of bacteria with mucins did not alter adherence to the ep-
ithelial cells, whereas mucin pretreatment of the epithelial
cells reduced bacterial adhesion, implying that the recep-
tors on epithelial cells are shielded by mucin. These di-
vergent findings may be explained by differences in the
composition of the airway tract mucin [30] used by
Davies et al. and the middle ear mucin used by us.

We also found the NTHi strains to adhere well to buc-
cal epithelial cells regardless of piliation. The ability to
block this attachment to the cells by preincubation with
MEEs was similar for both piliated and nonpiliated
strains, which suggests that the inhibitory effect is medi-
ated by blocking nonpilus adhesins.

Mucoid effusions blocked bacterial attachment signifi-
cantly better than did effusions of lower viscosity. Mucins
have been found to be the only single determinant of vis-
cosity in middle ear fluid [11]. Furthermore, we found that
the high-molecular-weight fraction of the MEEs, which
comprises the mucin glycoprotein, blocked bacterial ad-
herence up to the same level as did the complete effu-
sions. This effect, however, only occurred in the presence
of sialic acid, for after its removal, no inhibition was
found. Free sialic acid on its own did not have any effect
on bacterial adherence, nor did any of the other negatively
charged molecules that were used as potential inhibitors
in the adherence assay. These findings suggest that only
mucin-bound sialic acid inhibits bacterial adhesion by
means of structural interference rather than because of its
negative charge. Thus, sialylated mucin appears to act as
a receptor analog.
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Binding of Hi to mucin has been shown to be mediated
by outer membrane proteins (OMPs) P2, P5 and another
not yet identified protein [25, 31, 32]. Furthermore,
Reddy et al. demonstrated that the removal of sialic acid
of human pharyngeal mucin and human middle ear mucin,
respectively, resulted in a loss of binding to OMPs of 
H. influenzae. Our results corroborate these results and
are in agreement with those of several other studies that
found oligosacchrides of mucin containing sialic acid to
be receptors for NTHi. Additionally, we found a positive
correlation between the degree of inhibition and the sialic
acid content of the effusion, which strongly suggests that
the sialic acid molecules are involved in the process of ad-
herence.

St. Geme [33] has found that the HMW1 adhesion of
NTHi interacts with a sialylated glycoprotein receptor on
the surface of cultured human epithelial cells, which
could be the adhesive site that is blocked by mucin.

Our data support the notion that in the presence of ef-
fusion in the middle ear space, bacteria attached to mucin
may be cleared through various mechanisms of eradica-
tion such as mucociliary clearance, phagocytosis and de-
struction within neutrophils, lysis by inflammatory by-
products outside the cells and immunologic destruction by
antibody and complement. The antimicrobial factors in-
volved in this process include the accumulation of mono-
cytes, plasmacells, macrophages and leucocytes within
the middle ear fluid as well as a high concentration of
lysozyme, lactoferrin, defensins and surfactant proteins A
and D [7, 34]. These mechanisms seem to act synergisti-
cally in resolving middle ear effusions and could explain
why most of the effusions do not reveal any culturable
bacteria (92% in this study).

IgA may possibly play an additional role in the pre-
vention of infection not only by specific neutralization of
pathogens, but also by Fab-independent mechanisms via
bacterial adhesion to sialyloligosaccharide molecules on
secretory immunoglobulin A [35].

We have demonstrated that both pilus-dependent at-
tachment of Hib and non-pilus-dependent binding of
NTHi to epithelial cells can be blocked by MEE mucins
and that this inhibition is mediated by specific mecha-
nisms. The antiadhesive effect of high-molecular sialy-
lated glycoproteins like mucins could be utilized to reduce
the bacterial colonization of mucosal surfaces, which is
the necessary prerequisite in the course of infection.
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