
Abstract
Aim: To evaluate the association of the presence and extent of adeno-
id biofilms and the frequency of upper airway infections in children 
with upper airway obstruction.
Material and Methods: This cross-sectional study was conducted from 
October 2014 to December 2015 on pediatric patients who were candi-
dates for adenoidectomy due to obstructive sleep apnea. After removal 
of the adenoid tissue and fixation in 2.5% glutaraldehyde, the samples 
were sent to the electron microscopy unit. The extent of biofilm for-
mation was examined using environmental scanning electron micros-
copy. These results were then confirmed using image analysis software.
Results: Fifty-seven children with a mean age of 7.31 (±2.65) years 
were included in the study. Forty-three (75.4%) were male and 14 

(24.6%) were female. The average number of upper airway infections 
during the last 12 months before adenoidectomy was 10.01 (±5.38). 
Biofilm structures were detected in all (100%) samples. As the main 
outcome, the extent of biofilm grading exhibited a statistically sig-
nificant correlation with the frequency of upper airway infections 
(p<0.001). There was no significant correlation between sex and ade-
noid size with the biofilm extent.
Conclusion: The present study showed that the extent of adenoid bio-
film had a significant relationship with the frequency of upper airway 
infection rate. It seems that the presence of a biofilm on the adenoid 
surface as a reservoir for microorganisms could cause chronic inf-
lammation.
Keywords: Adenoidectomy, biofilms, infection, obstructive sleep 
apnea
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Introduction

Biofilms are structured bacterial communities enclosed 
in a self-produced polymeric matrix that adheres to an 
inert or living surface (1). Biofilm bacteria are embedded 
in a substrate rich in polysaccharides, nucleic acids, and 
proteins known as extracellular polymeric substances 
(EPSs) (2). These complex structures provide a mecha-
nism for bacteria to survive non-biologic hazards 10-1000 
times more than genetically identical planktonic bacte-
ria. Such a marked resistance is likely due to a decrease 
in metabolic rates, which makes the cells less susceptible 
to antibiotics acting on these target metabolic processes. 
Decreased metabolic activity, decreased growth rate, and 
transmission of resistance genes all contribute to the an-
tibiotic-resistant nature of biofilms (3).

Biofilms are increasingly recognized as playing a role 
in Ear, Nose, and Throat (ENT) diseases. The role of 
biofilm in the persistence of chronic, mucosal-based 
ENT-related infections was first recognized in otitis 
media (4); however, definitive proof was lacking until 
the demonstration of bacterial biofilms on the middle 
ear mucosa of children with chronic otitis media with 
effusion (COME) and recurrent otitis media (ROM). 
Since then, biofilms have been shown to be involved 
in the etiology of otitis media, sinusitis, cholesteatoma, 
tonsillitis, adenoiditis, and device contaminations (5).

The upper airway seems to be at high risk for this type 
of colonization. Chronic and/or recurrent upper airway 
infections may be related to the complex structural and 
biochemical organization of the biofilm, which inter-



feres with the activity of antibiotics, thus promoting 
the establishment of a chronic infection that can only 
be eradicated with surgical treatment (6). The presence 
of biofilms on the surface of adenoid tissue has been 
established and numerous studies have shown a cor-
relation between the presence of biofilms on the ade-
noid and the occurrence of chronic upper respiratory 
tract infections. This was further supported by studies 
that showed a decrease in infection recurrence with 
the removal of adenoid tissue. Believing that chronic 
bacterial infections are biofilm-related is fundamen-
tal to developing rational strategies for the treatment 
and prevention based on tissue removal (7). The ade-
noid is a bacterial reservoir that contributes to chronic 
otolaryngologic infections. Removal of the adenoid can 
be effective in controlling pediatric sinusitis and otitis 
media (5). Biofilms have been reported on the adenoid 
surfaces of children with acute otitis media (AOM) and 
COME (8). Adenoid hypertrophy is a common finding 
in childhood and is probably associated with AOM, 
ROM with effusion, and obstructive sleep apnea (OSA), 
and adenoidectomy has been known as an effective 
treatment for COME, which involves removal of the 
physical obstruction of the Eustachian tube and the es-
tablishment of normal pressure and drainage of mucus 
in the middle ear (8).

Considering the studies about the role of biofilm for-
mation in nasopharyngeal infections, we designed 
this cross-sectional study to evaluate the association 
between the extent of biofilm on the adenoid surface 
in children who had respiratory obstructive symptoms 
with the frequency of upper respiratory infections in 
the 12-month period before admission, using a scan-
ning electron microscope (SEM).

Material and Methods

Ethics
This study was ethically approved by the local Ethics 
Committee of the ENT-Head and Neck Surgery Re-
search Center of Iran University of Medical Sciences. 
The study was also financially supported by this orga-
nization. The patients were enrolled in the study after 
a consent form was signed by their caregivers. The pa-
tients’ information remained confidential and was used 
only for research purposes.

Study design and population
In this cross-sectional study, we evaluated children 
who presented to the ENT and Pediatric Infectious 

Diseases Clinic of Ali-Asghar Children’s Hospital, 
from October 2014 to December 2015, with symp-
toms of upper airway obstruction and adenoid hy-
pertrophy, who were candidates for adenoidectomy. 
The degree of the upper airway obstruction that 
compromised the quality of life was an indication for 
surgery. Patients with diseases such as cystic fibrosis, 
immune deficiency, allergic rhinitis, septal deviation, 
and respiratory disorders including asthma and those 
who had a history of antibiotic consumption during 
the two-week period prior to surgery were excluded 
from the study. The included patients were preopera-
tively evaluated using adenoid view X-ray for grading 
of adenoid size according to the nasopharyngeal size 
(adenoid nasopharynx ratio) and divided into four 
groups of less than 25% (grade 1), 25-50% (grade 2), 
50-75% (grade 3) and more than 75% (grade 4). The 
rate of upper airway infection episodes, including 
common cold, pharyngitis, sinusitis, sinobronchitis, 
and rhinosinusitis was recorded according to the 
patient’s visit registry and/or their caregiver’s histo-
ry during the 12-month period before surgery. Be-
cause all our patients had airway obstruction symp-
toms, otitis episodes were excluded from infections 
due to the probable mechanism for obstructive ef-
fects of adenoid hypertrophy in otitis etiology. The 
demographic information of the patients, including 
age, sex, duration of obstructive symptoms, the num-
ber of upper airway infections for the preceding 12 
months, and adenoid size (according to adenoid view 
X-ray) were recorded in a pre-designed checklist, in 
addition to the clinical findings of prolonged upper 
airway obstructive symptoms, including OSA (recur-
rent episodes of apnea and hypopnea, secondary to 
collapse of the upper airways during sleep) (9), snor-
ing, mouth breathing, adenoid facies, dental prob-
lems, speech disorders, enuresis, and restlessness 
during sleep (if accompanied by snoring at night). 
During the prospective data collection, patients were 
assigned to five categories according to the number 
of upper airway infections during the preceding 12 
months: less than 5 infections, 5 to 8 infections, 9 
to 12 infections, more than 12 infections, and more 
than 15 infections. All patients underwent surgery 
due to obstructive symptoms and there was no active 
infection during the admission for surgery.

The clinical definition of chronic rhinosinusitis (CRS) 
was considered as subjective symptoms for 12 continu-
ous weeks, in addition to objective confirmation of sin-
onasal mucosal (10). 
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Samples preparation
Adenoidectomy was performed by the first author 
at an academic tertiary care pediatric hospital using 
an adenotome, and the specimens obtained from 
two different parts of the nasopharyngeal surface of 
adenoid tissue were cut with a knife by an otolar-
yngologist. Adenoid tissue specimens were washed 
in a sterile isotonic saline solution to remove blood 
and secretions, fixed in 2.5% glutaraldehyde for 
24 hours, and sent to the electron microscope unit 
weekly. During this time the samples were kept in a 
dry and cold place of at 20-25°C. The samples were 
then dried in a vacuum vessel (10-3 Torr) and sput-
tered with a 30-50–nm-thick layer of gold (voltage 
800 V, 100 mA) using physical vapor depositioning 
(Gold Coater: Yarnikan Saleh).

SEM Imaging
The images were examined under a Philips XL30 envi-
ronmental scanning electron microscope (ESEM). We 
used the definition of Chole and Faddis for biofilm ar-
chitecture as dense accumulations of bacteria within an 
amorphous matrix (11). To examine the areas of interest, 
the specimens were imaged with a voltage of 20-25 kVp 
and at a magnification range of ×15 to ×2500 (×15, ×50, 
×100, ×200, ×500, ×1000 and ×2500). The surface layer of 
the adenoid tissue was examined for biofilm formation 
under an SEM in a single-blinded manner in the Elec-
tron Microscopy Laboratory (Kimiazi Analysis Research 
Group). The corresponding author was present at all 
imaging sessions and the facility staff performed imag-
ing under his guidance. Biofilm extent grading, as the 
main outcome measure, was performed based on the 
adenoid surface area covered by the biofilm formation, 
in five categories of less than 20% (grade 1), 20-40% 
(grade 2), 40-60% (grade 3), 60-80% (grade 4), and more 
than 80% (grade 5). The results were then checked and 
confirmed using Clemex Vision digital image analysis 
software, Version 3.5 (Clemex Technologies Inc, Que-
bec, Canada).

Statistical analysis
Data were analyzed using Statistical Packages for 
the Social Sciences (SPSS) 18 (SPSS Inc, Chicago, 
IL, USA). Quantitative variables (including distanc-
es) are expressed as means and standard deviations 
(SD). Goodman and Kruskal’s gamma was used for 
correlation comparison between the adenoid size 
and biofilm extent with the upper airway infection 
groups. Fisher’s exact test was used to compare the 
relationship between sex and adenoid size and bio-

film extent. P values less than 0.05 were considered 
significant.

Results

A total of 57 children with a mean age of 7.31 (±2.65) 
years (range, 28 months to 13 years) were included in 
the study, of whom 43 (75.4%) were male. The aver-
age number of episodes of upper airway infections 
during the last year before surgery was 10.01 (±5.38). 
Table 1 shows the frequencies of the associated symp-
toms. Snoring and mouth breathing were seen in all 
participants (100%). Adenoid facies (77.2%), dental 
problems (64.9%), OSA (63.2%), and speech disorders 
(54.4%) were the other most prevalent symptoms, re-
spectively. The mean duration of symptoms was 2.5 
years (30±21.4 months), ranging from 2 months to 7.5 
years. Thirty-seven (64.9%) patients had used nasal 
corticosteroid sprays with a non-satisfactory response 
to treatment. None of the patients had a history of 
antibiotic therapy during the past two weeks prior to 
surgery. Based on the adenoid size, 33 (57.9%) patients 
were classified as grade 4, 22 (38.6%) as grade 3, and 2 
(3.5%) as grade 2; no patients exhibited grade 1 (Table 
2). Figure 1 shows the number of patients according 
to the number of upper airway infections. Biofilm for-
mation was detected using SEM in all samples (100%) 
at different extents (Figure 2). As the main outcome of 
the study, there was a significant correlation between 
the grading of biofilm extent with upper airway in-
fection prevalence (Goodman and Kruskal’s gamma, 
p<0.001). However, adenoid size had no correlation 
with the number of upper airway infections (Good-
man and Kruskal’s gamma, p=0.109). There was no 
significant relationship between sex and the adenoid 
size (Fisher’s exact test, p=0.544) as well as the biofilm 
extent (Fisher’s exact test, p=0.737).
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Table 1. The frequencies of associated symptoms

Associated symptoms Number Percent

Snoring 57 100%

Oral breathing 57 100%

Adenoid facies 44 77.2%

Dental problems 37 64.9%

Obstructive sleep apnea 36 63.2%

Speech disorders 31 54.4%

Restlessness during sleep 26 45.6%

Enuresis 13 22.8%

Sleepwalking 10 17.5%



Discussion

In this cross-sectional study, we aimed to evaluate the 
correlation of biofilm extension in children undergoing 
adenoidectomy and the number of acute upper respira-
tory episodes in the prior 12-month period. We includ-

ed a significant number of children undergoing ade-
noidectomy (n=57) and our results suggest that biofilm 
extension in the adenoid might contribute to the upper 
airway infection rate. In other words, an increase in the 
grading of biofilm formation resulted in an increase in 
the frequency of infections. This finding is somehow 
consistent with previous studies that introduced the 
presence of biofilm formations on the adenoid in the 
pediatric population as a cause of chronic upper respi-
ratory infections (12, 13). Safaan et al. (1) studied biofilm 
formation in patients with adenoid hypertrophy, with 
and without COME, and introduced adenoid tissue as a 
cause of chronic infection and reported higher grades 
of biofilm formation in the group of patients with 
COME compared with those without COME.
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Table 2. Grading of adenoid size in terms of the percentage 
of nasopharyngeal obstruction 

Nasopharyngeal obstruction percentage Grading Number Percent

0-25% I 0 0%

25-50% II 2 3.5%

50-75% III 22 38.6%

75-100% IV 33 57.9%

Figure 2. Organized communities of bacteria in a rich matrix of extracellular polymeric substances called bacterial biofilm in diffe-
rent magnifications
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Most studies have emphasized higher grading of bio-
film formation in patients with chronic otolaryngo-
logic infections such as COME, CRS, recurrent AOM, 
and chronic adenotonsilitis than in patients with pure 
upper respiratory tract obstruction, mostly OSA. To the 
best of our knowledge, our study is the first to show a 
correlation between the frequency of upper respirato-
ry tract infections and biofilm grade. This may confirm 
adenoidectomy as an effective treatment in children 
with recurrent upper airway infections due to the pres-
ence of biofilm over the surface of adenoids as an in-
fectious reservoir.

Our study showed no relationship between adenoid 
size and sex with the extent of biofilm. These findings 
are also consistent with the results of previous studies. 
For example, Saylam et al. (8) in 2010 reported no sig-
nificant relationship between the adenoid size and age, 
sex, and duration of symptoms in patients with CRS 
comparison with patients with OSA. Naturally, in the 
analysis of adenoid size and other variables, sampling 
bias should be considered due to the inclusion criteria 
because the majority of children had hypertrophic ad-
enoids.

In the current study, number of patients who had no 
nasopharyngeal obstruction was less than 25% (grade 
1) and only two patients exhibited an obstruction be-
tween 25% and 50% (grade 2). The remaining 55 pa-
tients (96.5%) had nasopharyngeal obstruction of more 
than 50%, indicating that most of the patients became 
adenoidectomy candidates due to nasal obstruction, 
which is an acceptable finding because the main indi-
cation for adenoidectomy is upper airway obstruction 
and subsequent symptoms such as obstructive sleep 
apnea, snoring, and oral breathing, similar every partic-
ipant in this project (100%). Saylam et al. (8) also divided 
patients according to airway obstruction caused by ade-
noid hypertrophy into three groups; less than 50%, 50% 
to 75%, and more than 75%; only two patients out of 34 
were in the first group.

Bacteria have historically been thought to be isolated 
organisms; however, it is now clear that the vast major-
ity of bacteria exist in complex communities, attached 
to surfaces known as biofilms (2). The original finding 
of biofilms in tonsils by Chole and Faddis (11) was con-
firmed in a study in which 17 out of 24 tonsils (70.8%) 
removed for chronic or recurrent tonsillitis contained 
biofilms (14). Biofilms have been demonstrated in 
65.6% of surgical specimens consisting of tonsils, ade-

noids, and ethmoid or maxillary sinus mucosa removed 
from patients with refractory upper airway infections 
(6). There is strong anatomic evidence for the presence 
of bacterial biofilms in chronically diseased adenoids. 
Bacterial biofilms within adenoids may explain the 
chronicity and recurrent nature of some forms of ton-
sillitis because sessile bacteria within biofilms are resis-
tant to host defenses and antibiotics (11). In a similar 
study, Galli et al. (13) tried to document the presence 
of biofilms in surgical tissue specimens from patients 
with recurrent upper airway infections and identify 
their possible role in the chronicity of these infectious 
processes. They examined 32 surgical specimens from 
the upper respiratory tract of 28 patients with upper 
airway infections that had persisted despite repeated 
treatment with anti-inflammatory agents and antibiot-
ics with in vitro efficacy. Over 80% of the tissue spec-
imens in this study were culture-positive and bacterial 
biofilms were observed in 65.6% of the tissue samples 
(5).

Galli et al. (13) also reported biofilm positivity on the 
adenoid tissue in all patients examined with a diagnosis 
of recurrent upper airway infection and resistant OME. 
Lin et al. (7) compared adenoid hyperplasia and biofilm 
formation in children with S. aureus adenoiditis in Tai-
wan. The patients were divided into methicillin-resis-
tant and methicillin-sensitive S. aureus-infected groups. 
In that study, the severity of adenoid hyperplasia and 
extensive biofilm formation were more prominent in 
patients infected with methicillin-resistant S. aureus 
than methicillin-sensitive S. aureus (MSSA).

It seems that biofilm formation in the nasopharynx of 
children might serve as a chronic reservoir for bacterial 
pathogens resistant to standard antibiotics. In addition, 
the mechanical debridement of nasopharyngeal bio-
films might explain the observed clinical benefit asso-
ciated with adenoidectomy in this subset of pediatric 
patients. Adenoidectomy is known to be effective in 
children with CRS and COME in preventing recurrent 
infection, and recent work identifying biofilms in ad-
enoids may help explain this clinical observation. For 
example, adenoids removed from children with chron-
ic rhinosinusitis have, on average, 94.9% of the muco-
sal surface area covered with biofilms, compared with 
1.9% of the surface area removed from children with 
OSA (12).

As shown in other studies, the best way to estimate the 
percentage of adenoid surface covered by biofilm struc-
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ture is to use an experienced SEM operator in the elec-
tron microscopy (EM) unit and image analysis software 
programs such as Clemex or Carnoy, which were used in 
this study for the confirmation of biofilm extent. While 
in the EM unit one might see different parts of the sam-
ple under different magnifications thereby giving the 
best estimation of the total adenoid surface area covered 
by biofilm structure. These software programs are usu-
ally suitable and accurate tools to quantify the exact per-
centage of adenoidal surface covered by biofilm; how-
ever, a cropped image cannot necessarily be extended to 
the whole sample surface. In other words, these software 
programs are suitable tools for engineering or specific 
biologic samples such as peripheral blood smears (PBS), 
in which cropped capture image analysis can be extend-
ed to the whole sample rather than for biofilm extent 
estimation. One of the advantages of our study was the 
use of ESEM, which is an electron microscope designed 
especially for wet biologic samples, in comparison with 
SEM usually used in other studies, which is basically de-
signed for engineering and material analysis. Therefore, 
the quality of the imaging in our study is significantly 
better than that in previous studies.

Limitations of the study
Some limitations of this study should be taken into 
consideration. The history taking of the patients in the 
study was very detailed. Lack of upper airway infections 
registry caused us to completely rely on the patients’ 
or their caregivers’ history. Although it was an infra-
structural problem and was not directly related to the 
design of study, we tried to lessen this shortcoming by 
categorizing the number of infections into subgroups 
and spending more time for an accurate history taking. 
The small number of patients and the lack of a control 
group could also be considered as limitations.

In conclusion, it seems that the frequency of upper air-
way infections is probably related to the presence and 
extension of biofilm on the adenoid surface as a reser-
voir of microorganisms. This finding may suggest ad-
enoidectomy as an effective treatment in children with 
recurrent upper airway infections. Further studies are 
needed to show the important role of biofilm formation 
in the pathophysiology of otolaryngologic diseases.
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