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Abstract The adenoid is a bacterial reservoir that con-
tributes to chronic otolaryngologic infections. Staphylo-
coccus aureus (S. aureus) is a common pathogen in the
adenoid. The increase of antibiotic resistance in S. aureus
has become an important issue in public health. The aim of
this study was to compare adenoid hyperplasia and biofilm
formation in children with S. aureus adenoiditis in Taiwan.
The patients were divided into methicillin-resistant and
methicillin-sensitive S. aureus groups according to the S.
aureus obtained from adenoid tissue after antibiotic sus-
ceptibility testing. Adenoid hyperplasia was assessed by
lateral cephalometry, and the severity of sinusitis was
evaluated by Water’s view. Microbiological investigation
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of available S. aureus isolates was performed by in vivo
morphological observation and an in vitro bacterial biofilm
assay. Sixty isolates of S. aureus were identified in 283
children (21.2%) after adenoidectomy, of which 21 (35%)
were methicillin-resistant S. aureus (MRSA). The severity
of adenoid hyperplasia and extensive biofilm formation
were more prominent in patients infected with methicillin-
resistant S. aureus than in those infected with methicillin-
sensitive S. aureus (MSSA). The primary outcome of this
study was to provide evidence that S. aureus constituted a
significant portion of the adenoidal pathogens. The sec-
ondary outcome of this study was that MRSA adenoiditis
may be associated with adenoid hyperplasia and biofilm
formation.

Keywords Adenoid - Biofilm - Staphylococcus aureus -
Antibiotic resistance

Introduction

The adenoid is located in a pivotal position of the upper
respiratory tract, in close proximity to the paranasal sinu-
ses, adjacent to the middle ear cavity, and as the roof of the
oropharynx. The adenoid can serve as a reservoir of path-
ogenic bacteria [1], and recurrent or persistent adenoiditis
is associated with common diseases of neighboring struc-
tures including obstructive sleep apnea (OSA), otitis
media, and sinusitis [2]. Removal of the adenoid can be
effective in controlling pediatric sinusitis or otitis media
[3]. Streptococcus pneumoniae, Haemophilus influenzae,
Moraxella catarrhalis, and Staphylococcus aureus are
common nasopharyngeal colonizations found in children
[4]. Staphylococcus aureus is also a common nasopha-
ryngeal pathogen in children with acute otitis media or
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recurrent otitis media after amoxicillin therapy [5]. In
addition, S. aureus is associated with respiratory diseases,
chronic adenoiditis, and rhinosinusitis [6]. The emergence
of methicillin-resistant S. aureus (MRSA) has become an
important public health problem, both as a rising commu-
nity pathogen and with respect to its potential impact on
strategies for antibiotic therapy. The incidence of com-
munity-acquired MRSA infections has dramatically
increased since 2002 [7]. An increased prevalence of
MRSA has also been found in acute and chronic rhinosi-
nusitis [8]. Little is known about the role of S. aureus,
especially MRSA, in chronic adenoid infection.

Biofilm activity has been a topic of great interest in
recent studies of infectious diseases. Bacterial biofilm
formation may play an important role in many otolaryng-
ologic infections, such as chronic otitis media, otitis media
with effusion (OME), chronic rhinosinusitis, chronic ade-
noiditis, and chronic tonsillitis, and may result in their
persistence and difficult eradication [9]. Biofilms are
structured communities of bacterial cells embedded in an
extracellular polymeric substance composed of nucleic
acids, proteins, and polysaccharides. The biofilm archi-
tecture is highly resistant to host defense systems and can
adhere to mucosal surfaces, leading to impaired host
immune responses [10]. Additionally, the biofilm not only
inhibits the transportation of antimicrobial agents, but also
alters the physiology of bacteria within the biofilm [11].
Bacteria in the biofilm have a dramatically increased
resistance to several types of antimicrobial agents [11].

Although much is known about the pathogenic mecha-
nism of S. aureus biofilm, the association of biofilm for-
mation in children with adenoiditis requires further
investigation. In this study, we investigated the antibiotic
resistance of S. aureus isolated from children with adenoid
hyperplasia. Patients with adenoid hyperplasia were
assessed by lateral cephalometry, and the severity of
sinusitis was evaluated by Water’s view. Microbiological
investigation of available S. aureus isolates was performed
by in vivo and in vitro morphological evaluation.

Patients and methods
Patient selection and sample collection

Adenoid tissues were obtained from 283 children in Tai-
wan with persistent or recurrent OME or OSA during
routine adenoidectomy surgery by the authors at China
Medical University Hospital (Taichung, Taiwan) from
January 2001 through August 2010. The ages of the
patients ranged from 1 to 18 years. There were 109 girls
and 174 boys. Core tissues from adenoid specimens were
streaked across Tryptic soy agar (Becton—Dickinson,
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Franklin Lakes, NJ, USA) containing 5% sheep blood and
incubated at 37°C for 18-24 h. Organisms were identified
as S. aureus using a BD Phoenix™ Automated Microbi-
ology System (Becton—Dickinson) in 60 patients. The
severity of maxillary sinusitis was analyzed, and lateral
cephalometric analysis (described below) was carried out
in 50 patients who were identified with S. aureus ade-
noiditis and who had available radiological images. Sixteen
clinical isolates were selected by stratified random sam-
pling to test the biofilm-forming activity.

The adenoidectomy tissues underwent routine patho-
logic examination. A portion of the adenoid tissue was cut
and stored for Gram staining and scanning electron
microscopy (SEM). The core adenoid tissue was asepti-
cally collected for bacterial identification and the biofilm
formation assay. Only patients whose adenoid tissue tested
positive for S. aureus were enrolled in the study. This study
was approved by the Ethics Committee of the China
Medical University Hospital, Taichung, Taiwan.

Bacterial culture and antimicrobial susceptibility

Staphylococcus aureus susceptibility to various antimicro-
bial agents and confirmation of MRSA were determined
using the BD Phoenix™ Automated Microbiology System.
Staphylococcus aureus samples were stored at —80°C in
Tryptic soy broth containing 20% glycerol until use. The
antimicrobial susceptibility of all isolates to oxacillin,
erythromycin, penicillin, vancomycin, teicoplanin, tetracy-
cline, clindamycin, linezolid, levofloxacin, and trimetho-
prim/sulfamethoxazole was confirmed using the disk
diffusion method following guidelines and criteria from the
Clinical Laboratory Standards Institute [12]. Staphylococcus
aureus isolates showed resistance to oxacillin, erythromy-
cin, penicillin, and clindamycin and sensitivity to vanco-
mycin, teicoplanin, tetracycline, linezolid, levofloxacin, and
trimethoprim/sulfamethoxazole, which were determined as
MRSA. In contrast, MSSA isolates showed variable sensi-
tivity to erythromycin and clindamycin, and sensitivity to
oxacillin, vancomycin, teicoplanin, tetracycline, linezolid,
levofloxacin, and trimethoprim/sulfamethoxazole.

Lateral cephalometric analysis and scoring of maxillary
sinusitis severity

Lateral cephalograms were obtained with the patients in the
erect position with a wall-mounted cephalostat and ori-
ented with the Frankfort horizontal plane during film
exposure. Adenoid size was assessed by adenoidal-naso-
pharyngeal ratios (ANRs), using previously described ref-
erence lines and points (Fig. 1a) [13, 14]. Basic reference
points included the posterior-superior edge of the hard
palate (P), the posterior edge of the sphenobasioccipital
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Fig. 1 a The reference points and lines on a lateral cephalogram,
modified from previous studies [13, 14]. P posterior end of hard
palate, Sy posterosuperior point of sphenobasioccipital synchondrosis,
Ba basion, Ad2 the nearest point of the adenoidal surface to point P.
ANR-Sy is the ANR based on the P-Sy line, ANR-B2 is based on the
P-Ad2 line, and ANR-Ba is based on the P-Ba line. Please refer to
the text for detailed definitions and formulae. b Comparison of the
differences in adenoid hyperplasia between MRSA- and MSSA-
infected patients based on the ANRs. The box plots show the
summary statistics for the distribution of the data. The ends of the
boxes define the 25th and the 75th percentiles. Lines drawn from
the ends of the box represent the largest and the smallest values. Bold
horizontal lines in the boxes indicate the median value in each group.
Outlier values are represented by open circles. Adenoid hyperplasia
was more prominent in MRSA-infected patients than in MSSA-
infected patients. Statistical analysis was determined using a Mann—
Whitney U test. All values are presented as the mean £ S.D.
(**P < 0.01; *P < 0.05)

synchondrosis (Sy), the basion (Ba, the most posteroinfe-
rior point on the anterior margin of the foramen magnum),
and the nearest adenoidal point (Ad2) to P. Three lines
were drawn thereafter: P-Sy line (PSyL), P-Ad2 line

(PAd2L), and P-Ba line (PBaL). Secondary reference
points were identified as Adl (intersection between ade-
noidal surface and PSyL), B1 (intersection between the
nasopharyngeal surface of the spheno-occipital bone and
PSyL), B2 (intersection between the nasopharyngeal sur-
face of the spheno-occipital bone and PAd2L), and Ad3
(intersection between the adenoidal surface and PBaL).
The ANRs include ANR-Sy [equal to (B1-Ad1)/(B1-P)],
ANR-B2 [equal to (B2-Ad2)/(B2-P)], and ANR-Ba [equal
to (Ba-Ad3)/(Ba-P)] (Fig. 1a).

The severity of maxillary sinusitis was scored with a
quantitative index of X ray opacity of the maxillary sinus in
the Water’s view [15]. In brief, “0” is a radiologically clear
maxillary sinus, “1” is an identifiable bony margin with
slight cloudiness in the sinus, “2” is an identifiable bony
margin with moderate cloudiness in the sinus, “3” is a poorly
identifiable bony margin with severe cloudiness in the sinus,
and “4” is an unidentifiable bony margin with severe
cloudiness in the sinus. Each side of the maxillary sinus was
scored individually, and then both scores were summed to
represent the severity of maxillary sinusitis in the patient.

Scanning electron microscopy (SEM)

The morphology of bacterial microcolonies on adenoid
tissue surfaces was examined using SEM of bacterial bio-
films. The specimens removed during routine surgical
procedures were immediately fixed in 2.5% glutaraldehyde
for 2 days at 4°C. The specimens were washed and stored
in 0.1 M PBS (pH 7.4) at 4°C. Prior to SEM, specimens
were washed three times with 0.1 M sodium cacodylate
buffer (pH 7.4) for 10 min each, followed by post-fixing
for 1 h using 1% osmium tetroxide dissolved in 0.1 M
sodium cacodylate buffer (pH 7.4). The specimens were
washed again and dehydrated with successive immersions
in increasing concentrations of ethanol. The specimens
were subsequently dried using the critical point drying
method (Critical Point Dryer; Hitachi, Tokyo, Japan) with
liquid carbon dioxide as a transitional fluid. The dried
samples were adhered to aluminum stubs with carbon tape.
The sample surface was sputtered and coated with gold
(15-nm particles) with an ion coater (Giko Engineering
Co., Tokyo, Japan). The samples were examined using a
scanning electron microscope (Hitachi) equipped with a
digital image processor (Mirero Inc., Seongnam-Si, Korea).

Biofilm formation assay

The biofilm formation assay using crystal violet staining
was performed as described [16]. Briefly, stock bacterial
isolates were inoculated on Tryptic soy agar supplemented
with 5% sheep blood and cultured for 18 h at 37°C. Bac-
terial isolates were harvested from blood agar plates and
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resuspended in 3 ml of PBS (pH 7.4). The optical density
at 600 nm (ODgqg) of the bacterial suspension was adjusted
with PBS to 0.1 with a spectrophotometer (Biochrom Ltd.,
Cambridge, UK). Bacterial suspensions were diluted
1:1,000 in 96-well plates containing Tryptic soy broth with
0.5% glucose (Sigma-Aldrich, St. Louis, MO, USA). The
plates were incubated at 37°C with agitated shaking
(100 rpm). After 24 h, the supernatant was discarded, and
bacteria were washed three times with PBS. The attached
bacterial biofilm was stained with crystal violet (Sigma-
Aldrich) for 10 min at room temperature. The plates were
washed with PBS, and the stained crystal violet was eluted
with methanol. The ODs;, was determined using a spec-
trophotometer. Results were determined by averaging five
independent experiments performed in duplicate.

Confocal laser scanning microscopy (CLSM)

Bacterial isolates were harvested from blood agar plates
and resuspended in 3 ml of PBS (pH 7.4). Each S. aureus
isolate was adjusted to an ODgg of 0.1 with Tryptic soy
broth to reach a bacterial density of ca. 1 x 10* CFU/ml.
To visualize the S. aureus biofilm, each diluted bacterial
suspension (I x 10> CFU/ml) was grown on coverslips
(1.8 x 1.8 cm) that were vertically inserted in 12-well
plates supplemented with Tryptic soy broth. The plates
were incubated at 37°C with agitated shaking (100 rpm)
for 24 h. The plates were washed with PBS and fixed for
1 hin 3.7% (wt/vol) paraformaldehyde (Sigma-Aldrich) at
4°C. The preparations were incubated for 5 min with
20 pmol/l propidium iodide (PI; Sigma-Aldrich) at room
temperature to label S. aureus. The bacterial extracellular
polysaccharide glycocalyx was stained for 5 min at room
temperature with 100 mg/l fluorescein isothiocyanate—
conjugated concanavalin A (ConA-FITC; Sigma-Aldrich).
Samples were mounted and observed with a confocal laser
scanning microscope (Zeiss LSM 510; Zeiss, Gottingen,
Germany) with a 100x objective (oil immersion, aperture
1.3). The total depth of the bacterial biofilm was imaged
using z stacks with slices taken at a thickness of 0.5 pm.

Image analysis of biofilm criteria

All tissue sections were evaluated for bacterial biofilm
formation as determined by the presence of immobile,
irreversibly attached clustered towers of microcolonies
using SEM [17]. Tissue sections from each sample were
performed by Gram stain to examine bacteria in biofilm
[17]. In vitro biofilm formation was evaluated based on
bacterial size, morphology, and extracellular glycocalyx
using CLSM images [18]. Investigators assessing the
samples were blinded to the disease state of the corre-
sponding patient.
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Statistical analysis

The sinusitis severity scores and ANRs of the MSSA and
MRSA patients were compared with a non-parametric
analysis by using the Mann—Whitney U test. The box plots
show the summary statistics for the distribution of the data.
The ends of the boxes define the 25th and the 75th per-
centiles. Lines drawn from the ends of the box represent
the largest and the smallest values. Bold horizontal lines in
the boxes indicate the median value in each group. Sta-
tistical analysis was performed by using SPSS (version
10.1; SPSS Inc., Chicago, IL, USA). P value less than 0.05
was considered statistically significant.

Results

Association of maxillary sinusitis severity
and antibiotic resistance in S. aureus

There were 60 isolates (21.2%) identified as S. aureus from
the adenoid specimens of 283 children with OME
(n = 202) or OSA (n = 81). Of the patients with OME, 41
(20.3%) had adenoid specimens from which S. aureus was
isolated; 17 (41.5%) of these isolates were MRSA. S.
aureus was found in specimens from 19 patients (23.5%)
with OSA, and 4 (21.1%) of these were MRSA.

In these 60 patients, a Waters’ view and lateral cepha-
logram were available for 50 patients, including 15
patients infected with MRSA and 35 with MSSA. The
ANR-Sy, ANR-B2, and ANR-Ba (mean £ SD) in MRSA-
infected patients were 0.82 £ 0.11, 0.85 £ 0.10, and
0.85 £ 0.10, respectively. The ANR-Sy, ANR-B2, and
ANR-Ba (mean = SD) in MSSA-infected patients were
0.69 £ 0.17, 0.75 £ 0.16, and 0.75 + 0.14, respectively.
The degree of adenoid hyperplasia was significantly
greater in MRSA-infected patients than in MSSA-infected
patients (Fig. 1b). The scoring of maxillary sinusitis in
MRSA- and MSSA-infected patients was 4.85 + 2.23 and
4.89 + 2.22, respectively. There was no significant dif-
ference in the severity of maxillary sinusitis between these
two groups.

Because of these findings, we began to collect S. aureus
isolates in recent years for further microbiological inves-
tigation. A total of 16 patients with adenoid hyperplasia
who tested positive for S. aureus and available microor-
ganisms underwent further microbiological investigation,
including 8 OSA patients (mean age of 9.8 £ 3.6 years)
and 8 OME patients (mean age of 7.5 & 4.2 years). The
antibiotic susceptibility of S. aureus isolates from these
patients was determined. Of the 16 patients, 7 cultures were
identified as MRSA, and 9 cultures were identified as
MSSA (Table 1).
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Table 1 Characteristics of patients with adenoid hyperplasia and their bacterial isolates with antibiotic susceptibility of S. aureus isolates

Subject Sex” Age Clinical Isolated  Antimicrobial agent susceptibility (MIC, mg/L) Biofilm
no.* (years) diagnosis pathogen formation®
OXA ERY PEN VAN TEC TET CLI LZD LVX SXT

1 M 8 OSA MRSA >2 >4 >1 1 <05 =05 >2 2 1 =05 +

2 M 7 OSA MRSA >2 >4 >1 1 <05 =05 >2 2 1 =05 +

3 M 10 OME with AH MRSA >2 >4 >1 1 <0.5 =05 >2 2 1 =05 +

4 F 6 OME with AH MRSA >2 >4 >1 1 <0.5 =05 >2 2 1 <05 +

5 M 5 OME with AH MRSA >2 >4 >1 1 <0.5 8 >2 2 1 <05 +

6 M 7 OME with AH MRSA >2 >4 >1 1 1 4 >2 2 1 =05 +

7 F 6 OME with AH MRSA >2 >4 >1 <05 =05 8 >2 2 1 =05 +

8 F 5 OME with AH MSSA 05 =025 >1 1 <05 >8 =025 2 1 =05 -

9 F 4 OME with AH MSSA 0.5 =025 =0.12 1 <05 =05 =025 2 1 =05 +

10 M 10 OSA MSSA 0.5 >4 >1 1 =05 =05 >2 1 1 =05 -

11 M 8 OSA MSSA 1 >4 >1 1 <0.5 =05 >2 1 1 <05 -

12 M 10 OSA MSSA 0.5 >4 >1 1 <0.5 =05 >2 2 1 <05 +

13 F 17 OME with AH MSSA 0.5 >4 >1 1 <0.5 =05 >2 1 1 <04 +

14 F 18 OSA MSSA 1 >4 >1 1 <0.5 8 >2 2 1 =05 +

15 M 10 OSA MSSA 05 >4 >1 1 <05 =05 >2 2 1 =05 -

16 M 7 OSA MSSA 1 05 >1 1 <05 =05 =025 2 1 =05 -

* Each subject number identifies a unique patient

® Sex: M, male; F, female

¢ Determination by both in vivo morphological observation and in vitro bacterial biofilm assay. +, presence; —, absence

OSA obstructive sleep apnea, OME otitis media with effusion, AH adenoid hyperplasia, MIC minimum inhibitory concentration, OXA oxacillin,
ERY erythromycin, PEN penicillin, VAN vancomycin, TEC teicoplanin, TET tetracycline, CLI clindamycin, LZD linezolid, LVX levofloxacin,
SXT trimethoprim/sulfamethoxazole

Biofilm formation on adenoid tissues

Morphological changes in bacterial colonies were visual-
ized on the surface of adenoid tissues, and S. aureus bio-
film formation activity was determined prior to tissue
preparation for SEM observation. As shown in Fig. 2a and
Table 1, some of MSSA bacterial colonies were not evenly
dispersed on the adenoid tissue surface. The colonies
appeared scattered across some regions only and showed

Fig. 2 SEM images of the mucosal surface of adenoid tissues. In
patients with MSSA, bacteria were scattered on the adenoid tissue
mucosal surface without significant network interconnections

no obvious biofilm structures. However, in adenoid tissue
isolates from all seven patients with MRSA, SEM images
revealed bacterial colony clusters and biofilm architecture
in mucosal surface crypts (Fig. 2b and Table 1). The tissue
sections from each tissue block were used for Gram
staining and examined with a light microscope. The images
showed that bacterial microcolonies were localized on the
surface and crypts of the adenoids of all seven patients with
MRSA (Fig. 3). Gram-positive cocci were also evidently

(a subject no. 10). In patients with MRSA, clusters of bacterial
colonies and biofilm formation were delineated on the adenoid tissue
surface (b subject no. 3). Scale bar 5 pm
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Fig. 3 Gram stain of tissue sections showed bacterial microcolonies
localized on the surface of the adenoids. a Image showed that Gram-
positive cocci (subject no. 10) were dispersed to the surface of the
adenoids (arrowheads). b In patients with MRSA (subject no. 3),

PI

Non-biofilm

Biofilm

Fig. 4 CLSM shows biofilm formation activity in S. aureus isolates.
Bacterial biofilm formation of S. aureus bacteria was stained using PI
(red), and extracellular glycocalyx was stained using ConA-FITC
(green). In the merged images, yellow indicates co-localization of
bacteria and glycocalyx. Upper panel subject no. 10; lower panel

seen clustered in some compartments along the surface of
the adenoids.

Quantification of bacterial biofilm formation

Biofilm formation activity was further visualized in all S.
aureus isolates by staining the bacterial isolate with PI and
ConA-FITC to distinguish between bacterial cells and
extracellular polysaccharide glycocalyx within the bio-
films. CLSM images revealed the accumulation of S. aur-
eus bacterial cells (red) and extracellular polysaccharide
glycocalyx (green) after 24 h in culture (Fig. 4). The bio-
film formation activity of the MRSA isolates was much

@ Springer

Con A-FITC

Gram-positive cocci were clustered in microcolonies, which were
delineated on the adenoid tissue surface and crypts. Arrows indicated
the formation of bacterial microcolonies. Scale bar 20 pm

Merged

subject no. 3. Biofilm formation in MRSA isolates showed a large
amount of glycocalyx organized in clusters (merged, lower panel).
Scale bar 50 pnm. PI propidium iodide; ConA-FITC fluorescein
isothiocyanate-conjugated concanavalin A

higher than that of the MSSA isolates (Fig. 4, ConA-
FITC). The thickness of the biofilm in MRSA and MSSA
isolates ranged from 100 to 130 um and 40 to 50 pum,
respectively. To further compare the activity of biofilm
formation between the MRSA and MSSA isolates, biofilm-
forming activity was determined in the 16 S. aureus iso-
lates by using the crystal violet method. The activity of
biofilm formation by the MRSA isolates was higher than
that by the MSSA isolates (ODs;o at 0.61 4 0.09 vs.
045 £0.04 by using the Mann—Whitney U
P < 0.05).

Using both in vivo morphological observation and in
vitro bacterial biofilm assay, the biofilm colonies were

test;
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found in all seven patients infected with MRSA and,
however, only in four patients with infection of MSSA
(Table 1). These data suggest that interconnected bacteria
become encapsulated in extracellular polysaccharide,
which may lead to enhanced biofilm formation and per-
sistent S. aureus infection, subsequently inducing more
prominent clinical adenoid hyperplasia.

Discussion

MRSA is a hospital-acquired bacterium and is associated
with invasive medical procedures such as indwelling vas-
cular devices or catheters [19]. In 1999, 5% of patients who
had received sinus surgery had MRSA growth in their sinus
cultures, and the presence of these bacteria was believed to
be nosocomial [20]. Community-acquired MRSA infec-
tions without an obvious connection to hospital facilities
have increased noticeably since 2002 [7]. A nationwide
assessment of common otolaryngologic infections in Japan
in 2003 showed that MRSA comprised 15.6% of isolated S.
aureus strains [21]. A comparative survey of S. aureus in
acute and chronic rhinosinusitis between 2001-2003 and
2004-2006 found that colonization of S. aureus in acute/
chronic rhinosinusitis significantly increased from 8-15%
in 2001-2003 to 10-30% in 2004-2006. MRSA comprised
27-30% of S. aureus in 2001-2003 and dramatically
increased to 61-69% in 2004-2006 [22]. In this study, S.
aureus was found in 21.2% of specimens from chronic
adenoiditis, of which 35% was MRSA. The increasing
frequency of S. aureus, especially MRSA, in chronic oto-
laryngologic infections should not be ignored.

Although S. aureus is well known as a “persistent
pathogen” in the human body [23], the exact role of MRSA
in otolaryngologic infection is still unknown. Whether the
presence of MRSA in the adenoid is indicative of its
pathogenicity or whether MRSA in this environment acts
as a commensal microorganism is still an issue of debate.
Although computed tomography has been considered an
important diagnostic and staging tool for evaluating
chronic rhinosinusitis [24], it is usually recommended only
in the case of persistent, recurrent, or complicated rhinos-
inusitis [25]. Comprehensive evaluation of paranasal
sinuses by computed tomography is not considered a rou-
tine procedure for patients with OME or OSA, especially in
the case of pediatric patients. A plain sinus radiograph such
as the Water’s view radiograph is a simple and inexpensive
method that has sufficient sensitivity for evaluating the
severity of inflammation in maxillary sinuses [26]. Using
computed tomography results as the standard criterion, the
diagnostic sensitivity of the Water’s view radiograph for
maxillary sinusitis is approximately 83.3% [27]. When the
results of sinus puncture are considered as the diagnostic

criterion, the diagnostic sensitivity of the Water’s view
radiograph for maxillary sinusitis is approximately 90%
[28]. This study showed that the severity of maxillary
sinusitis in patients with MSSA- or MRSA-infected ade-
noiditis was not significantly different, as assessed by the
traditional Water’s view. This is consistent with a previous
finding that the presence of MRSA does not intrinsically
imply a more virulent disease in rhinosinusitis [29].

In addition, this study revealed that the degree of ade-
noid hyperplasia was more severe in MRSA-infected
patients than in MSSA-infected patients, as shown by the
lateral cephalometric analysis. The nasopharyngeal airway
is a three-dimensional structure, and some information may
be lost when three-dimensional data are compressed into
two dimensions in methods like lateral cephalometry.
Currently available data suggest that cephalometric imag-
ing analysis of nasopharyngeal spaces should be used with
caution [30]. The nasopharyngeal airway can be directly
observed during nasoendoscopy; therefore, nasoendoscopy
has been suggested as the gold standard diagnostic method
for examining the nasopharyngeal airway [31]. A statisti-
cally significant correlation has been reported between
ANR analysis of adenoid enlargement and nasoendoscopic
examination findings [31], and lateral cephalometric anal-
ysis has been recommended as a reliable method for
assessing the degree of adenoid enlargement [13].

Adenoid hyperplasia may cause eustachian tube dys-
function and may contribute to the development of otitis
media in children [2]. However, our analysis only involved
comparison of the degree of adenoid hyperplasia observed
in MRSA- and MSSA-infected patients. Other factors also
contribute to adenoid hyperplasia, such as gastroesopha-
geal reflux disease [32], allergy [33], and tobacco exposure
[34]. Because this is a retrospective study, it was not
possible to obtain complete records regarding these
potential confounding factors. The detailed interaction of
these contributing factors could not be comprehensively
and conclusively determined in this retrospective analysis.
Although the results for the subgroup members (for biofilm
analysis) may not be representative of the outcomes of the
entire sample population, our results reflect the fact that
adenoid hyperplasia was more severe and biofilm forma-
tion was more extensive in MRS A-infected patients than in
MSSA-infected patients. Further prospective studies may
be required to elucidate the relationship between the con-
founding factors and the development of antibiotic-resis-
tant strains in patients with adenoid hyperplasia.

Bacterial biofilm formation has been implicated in both
the pathogenesis of chronic diseases and the development
of antimicrobial resistance [35]. An increase in biofilm
density on the adenoid surface also occurs in children with
recurrent or persistent otitis media [36]. Therefore, we
further studied the biofilm activity of MRSA and MSSA in

@ Springer



510

Eur Arch Otorhinolaryngol (2012) 269:503-511

vivo and in vitro. Direct morphological examination of
infected adenoid specimens by traditional SEM was per-
formed to determine the distribution of bacterial micro-
colonies that had adhered to the surface of adenoid tissues.
The dynamic process of bacterial biofilm formation indu-
ces resistance to both the host immune attack and treatment
with antimicrobial agents [9].

The biofilm may provide an environment for the transfer
of DNA between bacteria (horizontal gene transfer), which
could eventually lead to antimicrobial resistance [1]. This
might support our finding of the association between
antibiotic resistance and biofilm-forming tendencies of S.
aureus, although there are also reports that suggest differ-
ent mechanisms for the development of resistance in this
bacteria [37, 38]. Here, we analyzed 16 bacterial isolates
and showed that S. aureus bacterial biofilm formation on
adenoidectomy tissues is associated with antibiotic resis-
tance. The sample size for this study was, however, limited,
and the results will have to be confirmed in a larger study.
A greater number of bacterial isolates should clarify the
linkage between antimicrobial resistance and the expres-
sion of genes that are required for biofilm formation.

Conclusion

This retrospective study demonstrated that S. aureus is a
common pathogen in children with adenoid hyperplasia in
Taiwan. Our data provide evidence for an association
between persistent S. aureus infections and patients with
adenoid hyperplasia. The degree of adenoid hyperplasia was
significantly greater in MRSA-infected patients than in
MSSA-infected patients. This suggests that clinical treat-
ment of adenoid hyperplasia patients who harbor antimi-
crobial-resistant ~ strains requires more extensive
consideration of bacterial biofilm-forming activity, includ-
ing surgical eradication.
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