
Adenotonsillar Microbiome: an Update
Richard Douglas and James Johnston

Introduction
The surface of the human adenoids and palatine tonsils is extensive, with 

many folds and crypts, which are colonized by commensal microbiota soon after 

the infant is born (Winther et al. 2009). These microbes subsequently influence 

the development of the innate mucosal immune response, and may be a significant 

factor in protecting or predisposing the individual to mucosal infection (Perry & 

Whyte 1998). Pathogenic bacteria associated with the adenoids and tonsils cause 

much morbidity in the paediatric population. Hyperplasia of the adenoids is as-

sociated with otitis media with effusion and hyperplasia of the palatine tonsils is 

associated with both recurrent tonsillitis and obstructive sleep apnoea (Zautner 

2012). The ‘pathogen reservoir hypothesis’ for adenoid tonsils has been inves-

tigated, but not yet definitively established (Nistico et al. 2011; Ren et al. 2013; 

et al. 2014).

derived from cultivation studies, which reflect only a very small fraction of the 

bacteria present on the mucosal surface. Culture-independent molecular surveys 

based on 16S rRNA pyrosequencing are now being employed to determine the 

microbiota on the surface and within the tissue of adenoids (Ren et al. 2013). This 

review will describe the new techniques employed in determining the microbiome 

Modern Molecular Techniques
Until recently studies of the adenotonsillar microbiome were based purely on 

culture or polymerase chain reaction (PCR) techniques. These target only a few 

bacterial groups, and accordingly provide a potentially inaccurate and incomplete 

assessment of the microbiome (Ren et al. 2013). The first step toward describing 

the complete adenotonsillar microbiome is to extract DNA from collected swabs 

or tissue (Biswas et al. 2015). This is usually achieved using a bead-beating ap-

proach. Extracted DNA of sufficient quantity and quality is subjected to PCR am-

plification of the bacterial 16S ribosomal RNA (16S rRNA) genes. These genes 

occur in all bacteria and their analysis by sequencing or related approaches is 

a cornerstone of contemporary microbial ecology (Tringe & Hugenholtz 2008; 

Amann et al. 1995). Illumina MiSeq sequencing techniques, one of the so-called 

rRNA genes using sample preparation, bioinformatics and statistics protocols 

(Webster et al. 2010). This sequencing approach yields thousands to tens of thou-

sands of sequences per sample. This enables the user to identify both the abun-

dant and rare members of the microbiome and to survey large numbers of patients 
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et al. 2010). This is a technique that has recently been employed in 
adenoid and palatine tonsil tissue and is rapidly changing our understanding of the 
microbiome in health and disease.
Spatial Organisation of Microorganisms

Cultivation studies have shown us that potentially pathogenic bacteria such 
as Neisseria, Streptococcus spp, Haemophilus influenza, Staphylococcus au-
reus, Actinomyces, Bacteroides, Prevotella, Porphyromonas, Peptostreptococci 
and Fusobacterium spp are often isolated from the nasopharynx and tonsils in 

for culture detects only the most abundant bacteria from a small area on the 
tissue surface. The detection of bacteria via cultivation is therefore of uncertain 
significance, yet treatment of chronic infections of the adenoids and tonsils is 
often guided by these culture results. Most bacteria involved in the pathogenic 

et al. 2007).
Despite the widespread use of antibiotics in the community setting, ade-

notonsillitis is frequently resistant to treatment and recurrent. This leads to a 
-

et al. 2007). Failure of disease resolution using antibiotics has led us to believe 
that the infection results from either resistant biofilms or normal nasopharyngeal 
flora (Chole & Faddis 2003). However we have not been able to support or refute 
these theories using traditional cultivation techniques.

Until recently there were no reports of the spatial organisation and com-
position of bacteria in adenotonsillar tissue. This changed following a study by 

et al who investigated the in-situ composition of microbiota of hyper-
trophied tonsil and adenoid tissue using a broad range of fluorescent oligonucle-

et al. 2007). This study ana-
lysed tissues from tonsils and adenoids obtained during surgery from 70 patients, 
aged 13 months to 38 years of age. Indication for operation in all of these patients 
was airway obstruction or recurrent infection. However none of these patients 
had signs of infection on the day of operation. After tissue analysis it was noted 
that 83% of patients had multiple foci of ongoing purulent infections within the 
palatine tonsil and adenoid tissue. They found diffuse infiltration of the tonsils 
by bacteria, micro abscesses, bacteria adherent to the epithelium, fissures filled 

containing phagocytosed bacteria. Our group has also demonstrated this in a 
palatine tonsil from a patient with recurrent tonsillitis (Figure 1, 2 and 3). It 
was noted that Bacteroides and Streptococcus were commonly found in crypts, 
Haemophilus influenza infiltrated the tissue, and Fusobacteria, Pseudomonas 
and Burkholderia were only found in adherent bacterial infiltrates and layers. 

et al. 2007).
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Figure 1. Coronal section of a human palatine tonsil. CD3 cells stained brown to identify T-cells 

safranin used to identify bacteria and highlight supporting connective tissue. The MetaSystems 
Vslide Scanner captured this high-resolution image. Bacteria are demonstrated in blue and can 
be seen within the tonsil crypt system. 

Figure 2. Coronal section of a human palatine tonsil. CD3 cells stained brown to identify T-cells 

safranin used to identify bacteria and highlight supporting connective tissue. The MetaSystems 
Vslide Scanner captured this high-resolution image. Bacteria are demonstrated in blue and can 
be seen within the tonsil crypt system and within the tissue parenchyma.
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Figure 3. Coronal section of a human palatine tonsil. CD3 cells stained brown to identify T-cells 

safranin used to identify bacteria and highlight supporting connective tissue. The MetaSystems 
Vslide Scanner captured this high-resolution image. Bacteria are demonstrated in blue and can 
be seen within the tonsil crypt system and within the tissue parenchyma.

Conclusions that can be drawn from this study are that hypertrophy of 
the adenoids and palatine tonsils are likely to result from the presence of mul-
tiple pathogenic bacteria. This changes the long held perspective that chronic 
adenotonsillitis was the result of a single bacterial organism colonising the tissue 

et al
are located throughout the tissue, we can conclude that a surface swab taken for 
the purposes of culture would not give us a clear picture as to the causative 
organism involved in disease. This knowledge also suggests that the pathogen-
esis of tissue hyperplasia is likely secondary to a highly diverse range of mul-
tiple opportunistic, commensal, and pathogenic microorganisms and the im-
munological response to them. The presence of these bacteria throughout tissue 

understanding of the pathogenesis of disease and implies the necessity to intensify 
et al. 2007).

Intracellular Bacteria
Not only have bacteria been shown to be located in various anatomical loca-

tions in the tonsils and adenoids but they have also been reported intracellularly 
et al

with otitis media with effusion, persistence of S. pneumoniae and H. influen-
za within biofilms on the tissue surface have been observed (Thornton et al. 
2011). This study suggests that biofilm-embedded and intracellular pathogens 
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may contribute to the pathogenesis of adenotonsillar hyperplasia
et al. 2014). However the localization of intracellular bacteria is difficult and only 
two approaches have so far proved successful. These are to isolate a defined pop-
ulation of cells from the tissue by immunomagnetic separation and then analyse 

biopsies (Forsgren et al. 1994).
In an attempt to identify intracellular bacteria, viable bacteria were isolated 

tonsil tissue. Adenoid and tonsil specimens were obtained from children with and 
without recurrent infection. The group with adenoid hyperplasia that did not suffer 
from recurrent infection was designated the control group. After demonstrating that 
immunomagnetic separation of CD14 +ve cells and further isolation of intracellular 
pathogens was possible, they observed the coexistence of viable Staphylococcus 
aureus, Streptococcus progenies, and Haemophilus influenza inside CD14 +ve cells 

et al. 2014). They were also able to demonstrate via use of the fluores-
cent in situ hybridization (FISH) with a universal EUB388, and species-specific 
probes, that intracellular bacteria were detected twice as often than with con-
ventional culture techniques. They concluded that FISH is more sensitive than 
culture in the identification of intracellular bacteria et al. 2014).
16SrRNA Gene Based Pyrosequencing

Understanding the spatial organisation of bacteria within adenoid and ton-
sil tissue and recognising the presence of intracellular bacteria has dramatically 
increased our understanding of the microbiome in these organs. In an attempt to 
characterize all of the adenoid microbiome, Ren et al have used 16S rRNA based, 
culture-independent techniques to survey the bacterial communities on 67 human 
adenoids removed by surgery (Ren et al. 2013). This study revealed diverse ade-
noid bacterial communities that were very distinct from other sites within the hu-
man body. Even though large interpersonal differences were noted between the 
microbiomes of study participants, there was a core set of taxa shared between 
persons that could be classified based on bacterial species composition into at least 
five major types. These results support the ‘pathogen reservoir hypothesis’ giv-
en that common pathogens of otitis media were both abundant and prevalent 
in adenoid tissue. Ren et al also found evidence that supports the bacterial in-
terference theory in the sense that many common pathogens showed ‘non-co-
existence’ relationships with the non-pathogenic members of the commensal 
microbiome (Ren et al. 2013).

Another group has analysed the tonsil, adenoid, and middle ear specimens 
from a single paediatric patient with chronic secretory otitis media. They used 
16SrRNA gene based pyrosequencing analysis and detected 17 unique bacterial 
families, with 12, 9, and 9 bacterial families from the adenoid, tonsil, and middle 
ear specimens respectively (Liu et al. 2011). They showed that multiple bacteria, 
including Streptococcaceae, Pasteurellaceae, Fusobacteriaceae, and Pseudomo-
nadaceae, dominated the microbiome of the adenoid. Nearly 70% of the palatine 
tonsil microbiome was made up of Streptococcaceae and over 80% of the middle 
ear microbiome was dominated by Pseudomonadaceae (Liu et al. 2011). Their 
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conclusion was that overlap of the microbiome between the tonsil and middle 
ear was minimal. However, the adenoid microbiome was made up of bacterial 
groups from both the tonsil and middle ear (Liu et al. 2011). This supports the 
‘pathogen reservoir hypothesis’ in the sense that the adenoid acts as a reser-
voir of bacteria for both the tonsil and middle ear.

Understanding the role of the microbiome in disease can only be achieved if 

between the microbiome of the crypts of the palatine tonsils in adults and children 
with recurrent tonsillitis versus that of adults and children with tonsillar hyperplasia 
and no history of recurrent infection has been reported. A16S rRNA gene based 
pyrosequencing phylogenetic analysis with identification of the major part of the 
microbiome to species level was performed (Jensen et al. 2013). A complex micro-
biome made up of between 42 and 110 taxa in both adults and children was found. 
Within these taxa was a core microbiome of 12 abundant genera that was noted 
in all specimens regardless of age or presence or absence of recurrent infection. 
Streptococcus pseudopneumoniae was noted in all patient samples. Neisseria spe-
cies, Haemophilus influenza and Streptococcus pneumoniae were essentially only 
detected in children. Obligate anaerobes such as Porphyromonas and Prevotella 
that are associated with periodontal disease were more abundant in adults. However 
Fusobacterium was more abundant in children. Unifrac analysis showed that Strep-
tococcus intermedium, Fusobacterium necrophorum, and Prevotella melaninogen-
ica/histicola were associated with recurrent tonsillitis in the adult group and species 
such as Streptococcus pyogenes and Staphylococcus aureus were scarce (Jensen et 
al. 2013). These results further suggest that recurrent tonsillitis is a polymicro-
bial infection with a complex and incompletely understood pathogenesis.
Discussion

Hyperplasia of the adenoids and tonsils with or without infection causes 
a great deal of morbidity in both the adult and paediatric populations. Despite 
this being one of the most common medical problems, our understanding of the 

et al. 2007). Our un-
derstanding of the microbiome has for most of history been limited to traditional 
cultivation techniques. Even though there is a cure for disease in the form of an ad-

and we do not fully understand the effects that it has on the development of the 
immune system. Moreover not every patient is eligible for surgery, and if this is the 
case they are usually subjected to multiple courses of antibiotics, which apart from 
being often ineffective, may be causing detrimental effects to the developing im-
mune system. With the introduction of antibiotics, decline of acute rheumatic 
fever in Western countries, and the falling incidence of chronic adenotonsil-
litis, surgery has become less frequent and so it is more important than ever 
to understand the pathogenesis of these disease processes (Swidsinski et al. 
2007). In fact one must ask themselves for what reason are we performing 
surgery except for to mechanically reduce enlarged and obstructing tissue. 
The most likely answer is to remove the chronic purulent foci that exist in 
tissue even in the absence of clinical signs of infection et al. 2007).
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the inability to accurately decipher the microbiome of adenoid and tonsil tissue 

using traditional culture techniques. This area has undergone significant progress 

with the introduction of 16SrRNA gene based pyrosequencing as outlined above. 

aim to determine whether there exists a core set of microbial species (Turnbaugh 

et al. 2007). It has been proposed that homeostasis and health may be attributed to 

the maintenance of a core microbiome (Ren et al. 2013; Turnbaugh et al. 2007). 

The existence of a core microbiome has been confirmed in the gut, and now Ren 

et al have made gains towards the identification of a core microbiome in the ade-

noids by noting that Streptococcus was present in all of the adenoid samples and 

the most abundant genus overall (Ren et al. 2013).

Conclusion
-

trophy, it is expected that non-targeted 16S rRNA surveys will continue to reveal 

patterns that support or refute the pathogen reservoir and the bacterial interfer-
ence hypotheses theory and will enhance our understanding of the relation-
ship between tonsil and adenoid microbiota and upper airway infections (Ren 

et al
new diagnostic and therapeutic strategies.
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