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Introduction

The adenoid is a part of the Waldeyer’s ring of lymphoid 
tissue in the nasopharynx which is the gateway to the upper 
respiratory tract in children. The adenoid has a protective 
function against the organisms entering the upper respira-
tory tract via the nasal cavity. The lymphoid tissue in the 
adenoid is stimulated by the exposure to antigen or bacteria, 
leading to lymphoid proliferation, production of immuno-
globulins, and cytotoxic activity.1 Inflammatory reaction 
and bacterial infection of the adenoid are the causes of ade-
noid hypertrophy and the adenoid become the reservoir of 
bacteria in the upper respiratory tract. The Eustachian tube 
connects the nasopharyngeal cavity to the middle ear. 

Therefore, the adenoid involves in the pathology of the dis-
eases of the nose, sinus, and the middle ear. Adenoid hyper-
trophy is the cause of obstructive sleep-disordered breathing 
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(OSDB), and adenotonsillectomy is the definite surgical 
management for pediatric obstructive sleep apnea (OSA). 
Bacteria in the adenoid are the underlying causes of pediat-
ric sinusitis and otitis media with effusion (OME). 
Bacteriology of the adenoid was found with similarity to the 
pathogenic bacteria in the middle meatus2 and middle ear 
effusion.3 Adenoidectomy is a part of the surgical manage-
ment of pediatric sinusitis and otitis media according to the 
clinical practice guideline.4,5 Factors for consideration of 
adenoidectomy include the age of the children, diagnosis of 
adenoid-related diseases, and the size of the adenoid. There 
was a suggestion for future study to investigate the differ-
ences in adenotonsillar microbiome according to the demo-
graphic data and the clinical presentation of adenoidal 
diseases.6 Association of the specific bacteria in the adenoid 
and type of adenoid-related diseases have not been estab-
lished. The aim of this study is to review the bacteriology of 
the adenoid from the patients who had adenoid-related dis-
eases and to find the association between the pathogenic 
bacteria and the clinical characteristics of the patients 
including age, adenoid size, and the diagnosis.

Methods

This research was a retrospective, descriptive study. We col-
lected the data from the medical records of pediatric patients 
admitted for adenoidectomy or adenotonsillectomy between 
August 2005 and December 2018. The justification of the 
sample size was based on the proportion of adenoid-related 
diseases from our previous study in 2004.7 A power analysis 
was based on the prevalence of Haemophilus influenzae, 
which was the most common bacteria in adenoidal diseases 
from the study of Brodsky and Koch8 and the study of Shin 
et al.9 The sample size calculated was 401 cases for a two-
sided study with 0.01 significance level and a power of 90%. 
Inclusion criteria were the patients who had adenoidectomy 
or adenotonsillectomy for adenoid-related diseases. Exclusion 
criteria were the patient with incomplete data in the medical 
records. The institutional review board of the Faculty of 
Medicine Siriraj Hospital approved the research.

Data gathering included demographic data, clinical pres-
entation, diagnosis of adenoid-related diseases, indication 
for surgery, and results of the adenoid culture. The adenoid 
size was evaluated by lateral skull film and measured in an 
adenoid–nasopharyngeal ratio (ANR) by the Fujioka 
method.10 The surgery and adenoid culture were done in the 
same pattern in all cases. Adenoidectomy was done using an 
adenoid curette, and fresh specimen of the adenoid was sent 
to the microbiological laboratory for bacterial culture within 
30 min. The specimen was cut into small pieces and inocu-
lated onto chocolate agar, 5% sheep blood agar, and 
MacConkey agar plates for the cultivation of aerobic and 
facultative anaerobic bacteria. Gram staining from adenoid 
tissue was also carried out. The inoculated plates were incu-
bated at 35°C aerobically (MacConkey) and under 5% 

carbon dioxide (chocolate agar and 5% sheep blood agar 
plates), and examined after 24, 48, and 72 h of incubation. 
The growth of suspected bacterial pathogen was identified 
by Gram staining, conventional biochemical method, and 
automated VITEK 2 system. Antimicrobial susceptibility 
testing by disk diffusion method was performed according to 
CLSI guidelines.11 The culture results were recorded.

Statistical analyses

Descriptive statistics were used for demographic and descrip-
tive data. Types of specific pathogenic bacteria from adenoid 
culture were analyzed in association with the patient’s age, 
the size of the adenoid, and the diagnosis of adenoid-related 
diseases. Chi-square and Fisher’s exact test were used for 
univariate analysis. Logistic regression was used for multi-
variate analysis between clinical features and types of bacte-
ria from the adenoid culture. Statistical analysis was done 
using SPSS version 22.

Results

The data of 407 pediatric patients were included in the study. 
Demographic data and clinical characteristics of the patients 
were described in Table 1. The median age was 5.9 years 
with interquartile range (IQR) 3.7. The most common diag-
nosis of adenoid-related diseases was OSDB, followed by 
OME and chronic sinusitis. There were 86 (21.1%) patients 
with more than one diagnosis and 8 patients (2%) had all 
three diagnoses.

Investigation of the patients before adenoidectomy was 
lateral skull X-ray, polysomnography in cases with OSDB, 
and hearing test in patients with OME. The results were 
shown in Table 1. ANR was more than 0.7 in 78.2% of the 
patients.

Adenoid bacterial culture was shown in Table 2. The cul-
ture was positive in 400 cases and no growth in 7 cases, with 
755 bacterial isolates. H. influenzae was the most common 
organism found in the adenoid culture and beta-lactamase-
negative isolates were found more than beta-lactamase-posi-
tive ones (20.9% and 4.8%, respectively). Staphylococcus 
aureus was the second most common bacterial pathogen; 
only one case of methicillin-resistant strain was found in this 
series. Streptococcus pneumoniae was the third most com-
mon organism; penicillin-susceptible isolates were found 
more commonly than penicillin-resistant ones (17.9% and 
0.3%, respectively). Beta-lactamase-negative Moraxella 
catarrhalis was found more than beta-lactamase-positive 
isolates (11.4% and 0.5%, respectively).

Adenoid bacterial culture of each diagnosis was shown in 
Figure 1(a)–(c). The pattern of prevalence was similar in 
OSDB, OME, and chronic sinusitis. Figure 2 showed the 
percentage of bacteria in patients with single diagnosis and 
multiple diagnoses of adenoid-related diseases. There was 
more prevalence of Pseudomonas aeruginosa in patients 
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with multiple diagnoses with statistical significance 
(p = 0.04). There were two cases of patients with multiple 
diagnoses who had penicillin-resistant S. pneumoniae, while 
none was found in the patient with single diagnosis (p = 0.05). 
There was also more prevalence of Streptococcus pyogenes 
and Klebsiella pneumoniae in patients with multiple diagno-
ses but with no statistical significance.

The prevalence of pathogenic bacteria in the different age 
groups of the patients was shown in Figure 3. The prevalence 
of S. pneumoniae was the highest in the younger age group 
and the prevalence decreased as the age increased.  

Table 1.  Clinical characteristics of the patients.

Number (%)

Total number = 407  
  Male 254 (62.4)
  Female 153 (37.6)
Age (years)  
  0–3 14 (3.4)
  >3–7 248 (60.9)
  >7–10 103 (25.3)
  >10 42 (10.3)
Diagnosis  
  OSDB 306 (75.2)
  OME 78 (19.2)
  Rhinosinusitis 23 (5.6)
Symptoms  
  Snoring 398 (97.8)
  Open mouth breathing 259 (63.6)
  Interrupted sleep 241 (59.2)
  Rhinorrhea 85 (20.9)
Signs  
  Middle ear effusion 87 (21.4)
  Hearing loss 74 (18.2)
  Desaturation 92 (22.6)
A/N ratio  
  <70% 89 (21.9)
  71%–90% 253 (62.2)
  >90% 65 (16)
PSG findings (N = 103)  
  AHI <1 4 (3.9)
  AHI >1 21 (20.4)
  AHI >5 78 (75.7)

OSDB: obstructive sleep-disordered breathing; OME: otitis media with ef-
fusion; A/N ratio: adenoid–nasopharyngeal ratio; PSG: polysomnography; 
AHI: apnea–hypopnea index.

Table 2.  Adenoid bacterial culture.

Bacteria Number (%)

Haemophilus influenzae 194 (25.7)
Staphylococcus aureus 179 (23.5)
Streptococcus pneumoniae 138 (18.2)
Moraxella catarrhalis 91 (12)
Streptococcus agalactiae 26 (3.4)
Pseudomonas aeruginosa 25 (3.3)
Group G beta-hemolytic streptococci 22 (2.9)
Klebsiella pneumoniae 19 (2.5)
Streptococcus pyogenes 18 (2.4)
Group C beta-hemolytic streptococci 12 (1.6)
Alpha-hemolytic streptococci 7 (0.9)
Group F beta-hemolytic streptococci 5 (0.7)
Coryneform bacteria 5 (0.7)
Oropharyngeal flora 5 (0.7)
Proteus mirabilis 2 (0.3)
Serratia marcescens 2 (0.3)
Others 5 (0.7)
Total 755 (100)

(a) Adenoid bacteria in patients with obstructive sleep-

disordered breathing 

OSDB = obstructive sleep-disordered breathing 

(b) adenoid bacteria in patients with otitis media with effusion 

OME = otitis media with effusion 

(c) adenoid bacteria in patients with chronic sinusitis 
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Figure 1.  Adenoid bacteria in adenoid-related diseases: (a) 
adenoid bacteria in patients with obstructive sleep-disordered 
breathing, (b) adenoid bacteria in patients with otitis media 
with effusion, and (c) adenoid bacteria in patients with chronic 
sinusitis.
OSDB: obstructive sleep-disordered breathing; OME: otitis media with 
effusion.
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M. catarrhalis was found most commonly in patients 
between 3 and 7 years old. H. influenzae had similar preva-
lence in all age groups with no statistical difference. S. 
aureus had ascending prevalence from the youngest group to 
the oldest group.

Univariate analysis of the type of bacteria and the patient’s 
age, adenoid size, and the diagnosis was in Table 3. The 
patient’s age had significant associations with the prevalence 
of S. pneumoniae, M. catarrhalis, and S. aureus. The preva-
lence of bacteria had no significant association with the size 
of the adenoid or the diagnosis of adenoid-related diseases. 

Multivariate analysis between the effect of age, adenoid size, 
and diagnosis upon the outcome of the bacterial culture was 
in Table 4. Age was the only significant variable for S. pneu-
moniae, M. catarrhalis, and S. aureus when adjusted for the 
diagnosis and the size of the adenoid.

Discussion

Bacterial infection is one of the causes of adenoid hypertro-
phy and chronic infection of the adenoid.12 Bacterial infec-
tions of the adenoid are mostly polymicrobial, and they are 
the same pathogens that cause sinusitis and otitis media.6 
From previous literature, potential pathogen identified in 
the adenoid were S. pneumoniae, H. influenzae, beta-hemo-
lytic streptococci, S. aureus, and K. pneumoniae.13 There 
were significant associations of bacteria on the adenoid 
surface, in the adenoid core, and in the middle meatus of 
the patients with infection of the adenoid, sinusitis, or otitis 
media.14 These findings supported the concept that adenoid 
is the reservoir of the adenoid-related infection. The most 
common presentation of adenoidal diseases in this study 
was OSDB from adenoid hypertrophy. H. influenzae was 
the most common bacterial pathogen found in patients with 
OSDB, followed by S. aureus and S. pneumoniae. Our find-
ings were similar to the study of Brodsky and Koch8 that H. 
influenzae was the most common agent found in the dis-
eased adenoid comparing to the controls. Adenoid hyper-
trophy was associated with intracellular pathogens, 
including S. aureus, S. pyogenes, and H. influenzae.6 In the 
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Figure 2.  Distribution of bacteria in patients with single or multiple adenoid-related diseases.
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study of Dirain et al.,15 comparing the microbiome of the 
adenoid in patients with recurrent acute otitis media 
(RAOM) and OSA, H. influenzae and S. aureus were more 
common in the OSA group. RAOM was not included in this 
study because most of the children with acute otitis media 
were presented to the pediatric service, and they were not 
referred to the otolaryngology service unless they had 
chronic middle ear effusion. Chronic adenoiditis was not 
included in the diagnosis because the presentation of 
chronic nasal obstruction and rhinorrhea were overlapped 
with the clinical symptoms and signs of OSDB and chronic 
sinusitis.

In this study, H. influenzae was the most common organ-
ism found in both OME and sinusitis groups. Saafan et al.16 
compared the bacteriology of the adenoid with OME and the 
adenoid with OSA using polymerase chain reaction (PCR) 
and scanning electron microscopy for biofilm, and they 
found that H. influenzae was the most common bacteria 
found in both groups, but the group with OME had a higher 
grade of biofilm formation. In this study, there was no statis-
tical difference between the prevalence of bacteria in OSDB, 
OME, and sinusitis. All three groups had a similar pattern of 
prevalence. Brook et al.17 concluded that the distribution of 
organisms did not vary among the three groups of the 

Table 3.  Univariate analysis between adenoid bacteria and age, adenoid size, and diagnosis.

Parameter Number of 
patients

Number of bacteria (%)

S. pneumoniae H. influenzae M. catarrhalis S. aureus

Age  
  0–3 14 9 (64.3) 5 (35.7) 1 (7.1) 4 (28.6)
  >3–7 248 98 (39.5) 123 (49.6) 67 (27) 94 (37.9)
  >7–10 103 25 (24.3) 47 (45.6) 18 (17.5) 55 (53.4)
  >10 42 6 (14.3) 19 (45.2) 5 (11.9) 26 (61.9)
p-value <0.001* 0.70 0.03* 0.003*
ANR  
  0–70 89 28 (31.5) 40 (44.9) 17 (19.1) 40 (44.9)
  >70–90 253 87 (34.4) 129 (51) 63 (24.9) 112 (44.3)
  >90 65 23 (35.4) 25 (38.5) 11 (16.9) 27 (41.5)
p-value 0.85 0.17 0.27 0.90
Diagnosis  
  OSDB 306 105 (34.3) 149 (48.7) 69 (22.5) 136 (44.4)
  Sinusitis 23 4 (17.4) 8 (34.8) 5 (21.7) 7 (30.4)
  OME 78 29 (37.2) 37 (47.4) 17 (21.8) 36 (46.1)
p-value 0.20 0.44 0.99 0.39

ANR: adenoid–nasopharyngeal ratio; OME: otitis media with effusion; OSDB: obstructive sleep-disordered breathing.
*Statistically significant.

Table 4.  Multivariate analysis between adenoid bacteria and age, adenoid size, and diagnosis.

S. pneumoniae H. influenzae M. catarrhalis S. aureus

  Adjusted OR p-value Adjusted OR p-value Adjusted OR p-value Adjusted OR p-value

Age  
  0–7 4.02 0.003* 1.14 0.693 2.63 0.053* 0.35 0.003*
  7.1–10 1.85 0.217 0.97 0.938 1.53 0.439 0.68 0.309
  >10 1 – 1 – 1 – 1 –
ANR  
  0–70 1 – 1 – 1 – 1 –
  71–90 1.13 0.656 1.31 0.280 1.37 0.309 1.04 0.883
  >90 1.06 0.871 0.77 0.435 0.78 0.563 1.01 0.971
Diagnosis  
  OME 1 – 1 – 1 – 1 –
  Sinusitis 0.37 0.098 0.58 0.265 1.03 0.959 0.46 0.135
  OSDB 0.87 0.591 1.05 0.860 1.04 0.910 0.95 0.845

ANR: adenoid–nasopharyngeal ratio; OME: otitis media with effusion; OSDB: obstructive sleep-disordered breathing.
*Statistically significant.
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diagnosis (otitis media, adenotonsillitis, and obstructive 
sleep apnea), but the concentration of pathogenic bacteria 
per gram of the adenoid was higher in the diseased adenoid 
than in the control group. Antibiotics should be useful to 
decrease bacterial load in the diseased adenoid, as demon-
strated in the study of Brook and Foote18 that the number of 
organisms in the diseased adenoid was reduced after the 
treatment with amoxicillin or cefprozil comparing to the 
controls.

Size of the adenoid is not considered when the patient has 
an indication for adenoidectomy in chronic sinusitis. The 
limitation of this study is the information regarding the size 
of the adenoid was retrieved from the measurement of the 
lateral skull X-ray without endoscopic findings. Flexible 
endoscopy is now becoming more popular for the evaluation 
of the adenoid as it can be performed in the outpatient set-
ting. Adenoid–choana ratio can be measured from endos-
copy with the picture recorded instantly without risking the 
child to the radiation exposure of the skull X-ray.

Age was associated with adenoid bacteriological findings in 
this study. S. pneumoniae was more prevalent in young chil-
dren under 7 years. H. influenzae was found equally common 
in all age groups of the children in this study with high preva-
lence. These findings imply that H. influenzae vaccine may be 
of great use with high impact on adenoid-related upper respira-
tory tract infections. Jeong et al.19 described the bacteriology of 
the tonsillar core culture according to age and S. pneumoniae 
was more prevalent in patients younger than 8 years, whereas 
S. aureus was more prevalent in older patients and H. influen-
zae was found more commonly regardless of age.19 From the 
multivariate analysis, age was the only significant variable that 
had an association with types of bacteria in the adenoid. 
Bacteriology of the adenoid and the association with age 
should be useful for the selection of antimicrobials and preven-
tion of adenoidal diseases with the specific bacterial vaccine.

Conclusion

Prevalence of pathogenic bacteria in the adenoid was similar 
in children with OSDB, OME, and chronic sinusitis. The 
most common bacterial agent found in the culture was H. 
influenzae. Age had a significant association with the out-
come of bacterial culture in univariate and multivariate anal-
yses. Size of the adenoid and types of adenoid-related 
diseases had no significant association with the outcome of 
bacterial culture.
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