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ABSTRACT 
 

Adenotonsillar hyperplasia causes much morbidity in the paediatric population. Before the 

introduction of antibiotics, adenotonsillar hyperplasia was regarded as an infective process, 

and only children who met the criteria for a certain number of infective episodes would 

progress to adenotonsillectomy.  

Since the early 1970s, there has been an emergence of children presenting with sleep-

disordered breathing symptoms caused by adenotonsillar hyperplasia. These symptoms have 

increased in incidence and now represent the most common indication for children who 

undergo adenotonsillectomy. Our understanding of the pathogenesis around sleep-disordered 

breathing as it relates to adenotonsillar hyperplasia remains very limited. Arguably the most 

significant limitation to a better comprehension of the pathogenesis of adenotonsillar 

hyperplasia is the efficacy of adenotonsillectomy. Because this curative treatment option is 

readily available, irrespective of the indication for surgery, there is less impetus to explore 

the pathophysiology underlying the changing indications for adenotonsillectomy. Yet, 

children do not immediately progress to adenotonsillectomy and in most cases are prescribed 

multiple courses of antibiotics before surgery even though this may not be warranted in 

children without infective symptoms.   

Knowledge of the microbiome in adenotonsillar hyperplasia as it pertains to both infective 

and sleep-disordered symptoms is limited, and until recently all available information was 

based on culture studies. These target only a few bacterial groups, and so provide an 

incomplete assessment of the microbiome. The studies in this thesis used culture independent 

molecular surveys based on 16S rRNA sequencing to determine the microbiota of 

adenotonsillar hyperplasia. The results were interpreted according to the child’s presenting 

symptoms and indications for surgery, and the effect of systemic and topical antibiotics on 
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the microbiome of children with adenotonsillar hyperplasia was investigated. The 

microbiome of peritonsillar abscess was also examined within the scope of this thesis.   

This thesis presents some novel observations on the microbiome in children with 

adenotonsillar hyperplasia. It investigates the efficacy of commonly prescribed systemic and 

topical antibacterial agents on the disease process. It also challenges on microbiological 

grounds the assertion that peritonsillar abscess is a complication of recurrent tonsillar 

infection. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 iv 

 

 

 

 

 

 

 

 

 

Dedicated to my Nan, who was my inspiration to pursue a career in medicine 

 

Dedicated to Zachary Gravatt, He urunga tangata he urunga pāhekeheke, he urunga oneone, 

mau tonu 

 

 

 

 

 



 v 

ACKNOWLEDGEMENTS 
 

Firstly, I would like to acknowledge my beautiful wife, Natalie, for her unwavering support 

and love throughout this journey. Without my mother, I would never have thought going to 

medical school was a possibility and would not be the person I am today. My sister has 

always inspired and challenged me, and I am so grateful to have her in my life.  

This challenging journey would not have been possible were it not for the incredible support 

of my supervisor, mentor, and friend, Richard Douglas. His relentless positivity is genuinely 

inspiring. I feel privileged to have been in a position to work alongside him. I am hopeful that 

this is the beginning of many exciting things to come.  

I have been supported by a wonderful scientific research group: Fiona Radcliff, Kristi 

Biswas, Michael Hoggard, Brett Wagner Mackenzie, and Sharon Waldvogel-Thurlow, and I 

cannot thank you all enough.  

The contribution that Murali Mahadevan has made to this research cannot be overstated.  He 

is an inspiring clinician and academic and someone that I hope I can emulate in my future 

career.  

I want to acknowledge good friends who have been through the PhD process before me: Ravi 

Jain, Raymond Kim and Andrew Wood, I thank you so much for your support and guidance 

over the years. 

This thesis would not have been completed if not for the very generous support of the Garnett 

Passe and Rodney Williams Memorial Foundation. I cannot thank the Foundation enough.  

Finally, this research is only possible because of all of the wonderful patients who helped 

directly with these studies, and who provided the motivation for this research.  



 vi 

LIST OF PUBLICATIONS RELATED TO THESIS 
 

Chapter 1.  
 
 Johnston, J. J., & Douglas, R. (2018a). Adenotonsillar microbiome: an update. 

Postgraduate Medical Journal, 94(1113), postgradmedj–2018–135602–403. 
http://doi.org/10.1136/postgradmedj-2018-135602 

 
Chapter 2.  
 
 Johnston, J., Hoggard, M., Biswas, K., Astudillo-García, C., Radcliff, F. J., Mahadevan, 

M., & Douglas, R. G. (2018a). Paired analysis of the microbiota between surface tissue 
swabs and biopsies from pediatric patients undergoing adenotonsillectomy. International 
Journal of Pediatric Otorhinolaryngology, 113, 51–57. 
http://doi.org/10.1016/j.ijporl.2018.07.024 

 
Chapter 3.  
 
 Johnston, J., McLaren, H., Mahadevan, M., & Douglas, R. G. (2018d). Clinical  
 characteristics of obstructive sleep apnea versus infectious adenotonsillar hyperplasia in 

children. International Journal of Pediatric Otorhinolaryngology, 116, 177–180. 
http://doi.org/10.1016/j.ijporl.2018.11.004 

 
Chapter 4.  
 
 Johnston, J., Hoggard, M., Biswas, K., Astudillo-García, C., Waldvogel-Thurlow, S., 

Radcliff, F. J., et al. (2018b). The bacterial community and local lymphocyte response 
are markedly different in patients with recurrent tonsillitis compared to obstructive sleep 
apnoea. International Journal of Pediatric Otorhinolaryngology, 113, 281–288. 
http://doi.org/10.1016/j.ijporl.2018.07.041 

 
Chapter 5.  
 
 Johnston, J., Hoggard, M., Biswas, K., Astudillo-García, C., Radcliff, F. J., Mahadevan, 

M., & Douglas, R. G. (2018b). Pathogen reservoir hypothesis investigated by analyses of 
the adenotonsillar and middle ear microbiota. International Journal of Pediatric 
Otorhinolaryngology, 118, 103–109. http://doi.org/10.1016/j.ijporl.2018.12.030 

 
Chapter 6.  
 
 Johnston, J., Wagner Mackenzie, B., Biswas, K., Waldvogel-Thurlow, S., Radcliff, F. J., 

Mahadevan, M., & Douglas, R. G. The effect of amoxicillin with clavulanate on the 
microbiome of tonsillar tissue in disease: A randomized control trial. JAMA 
Otolaryngology, Head and Neck Surgery (under review) 

 
Chapter 7.  
 
 Johnston, J., Biswas, K., Waldvogel-Thurlow, S., Radcliff, F. J., Mahadevan, M., & 

Douglas, R. G. The effect of chlorhexidine mouthwash on bacterial microcolonies in 



 vii 

recurrent tonsillitis. International Journal of Pediatric Otorhinolaryngology (under 
review) 

 
Chapter 8.  
 
 Johnston, J., Stretton, M., Mahadevan, M., & Douglas, R. G. (2018e). Peritonsillar 

abscess: A retrospective case series of 1773 patients. Clinical Otolaryngology: Official 
Journal of ENT-UK; Official Journal of Netherlands Society for Oto-Rhino-Laryngology 
& Cervico-Facial Surgery, 28(Suppl 5), 243. http://doi.org/10.1111/coa.13070 

 
Chapter 9.  
 
 Johnston, J., Wagner Mackenzie, B., Biswas, K., Radcliff, F. J., Mahadevan, M., & 

Douglas, R. G. The microbiome of peritonsillar abscess and its relationship to the 
microbiome of the ipsilateral tonsil and oropharynx. JAMA Otolaryngology, Head and 
Neck Surgery (under review) 

 
 
Supporting publications:  
 
 
 Johnston, J., Kinzett-Carran, G., Mahadevan, M., & Douglas, R. G. (2018c). Our 

experience of the necessity of adenoidectomy or adenotonsillectomy at the time of 
ventilation tube insertion in 11,941 children with middle ear effusion. Clinical 
Otolaryngology: Official Journal of ENT-UK; Official Journal of Netherlands Society for 
Oto-Rhino-Laryngology & Cervico-Facial Surgery. http://doi.org/10.1111/coa.13110 

 
 
 Johnston, J., Mahadevan, M., & Douglas, R. G. (2017). Incidence and factors associated 

with revision adenoidectomy: A retrospective study. International Journal of Pediatric 
Otorhinolaryngology, 103, 125–128. http://doi.org/10.1016/j.ijporl.2017.10.023 

 
 
 Johnston, J., McLaren, H., Mahadevan, M., & Douglas, R. G. (2018). Surgical treatment 

of otitis media with effusion in Maori children. Australia, New Zealand Journal of 
Surgery, 88, 1141–1144. https://doi-org.ezproxy.surgeons.org/10.1111/ans.14788 

 
 
 Radcliff, F. J., Clow, F., Mahadevan, M., Johnston, J., Proft, T., Douglas, R. G., & 

Fraser, J. D. (2017). A potential role for staphylococcal and streptococcal superantigens 
in driving skewing of TCR Vβ subsets in tonsillar hyperplasia. Medical Microbiology 
and Immunology, 206(4), 337–346. http://doi.org/10.1007/s00430-017-0510-5 

 
 
 

 



 viii 

TABLE OF CONTENTS 

ABSTRACT ..................................................................................................................................................... II 

ACKNOWLEDGEMENTS ................................................................................................................................. V 

LIST OF PUBLICATIONS RELATED TO THESIS .................................................................................................. VI 

CHAPTER 1. INTRODUCTION. ......................................................................................................................... 1 

1.1 BACKGROUND ........................................................................................................................................... 1 
1.2 MODERN MOLECULAR TECHNIQUES .............................................................................................................. 4 
1.3 SPATIAL ORGANIZATION OF MICROORGANISMS ................................................................................................ 4 
1.4 INTRACELLULAR BACTERIA ........................................................................................................................... 6 
1.5 16SRRNA GENE-BASED SEQUENCING ............................................................................................................ 7 
1.6 MULTIOMICS AND ADENOTONSILLAR DISEASE ................................................................................................ 10 
1.7 DISCUSSION ........................................................................................................................................... 11 
1.8 HYPOTHESES .......................................................................................................................................... 13 

CHAPTER 2. PAIRED ANALYSIS OF THE MICROBIOTA BETWEEN SURFACE TISSUE SWABS AND BIOPSIES FROM 
PEDIATRIC PATIENTS UNDERGOING ADENOTONSILLECTOMY ....................................................................... 15 

2.1 ABSTRACT ..................................................................................................................................................... 15 
2.1.1 Background ........................................................................................................................................ 15 
2.1.2 Methods ............................................................................................................................................. 15 
2.1.3 Results ................................................................................................................................................ 15 
2.1.4 Conclusions ......................................................................................................................................... 16 

2.2 INTRODUCTION .............................................................................................................................................. 16 
2.3 METHODS ..................................................................................................................................................... 18 

2.3.1 Patient Information ............................................................................................................................ 18 
2.3.2 Sample Collection ............................................................................................................................... 19 
2.3.3 DNA Extraction ................................................................................................................................... 20 
2.3.4 Bacterial 16S rRNA Gene sequencing ................................................................................................. 20 
2.3.5 Bioinformatic Analyses ....................................................................................................................... 21 
2.3.6 Statistics ............................................................................................................................................. 22 

2.4 RESULTS ....................................................................................................................................................... 22 
2.4.1 No microbial variation in the adenoids based on sampling methods ................................................ 22 
2.4.2 Sample site and sample collection variation in right palatine tonsil .................................................. 26 
2.4.3 No microbial variation between right and left tonsil crypt swabs ...................................................... 28 

2.5 DISCUSSION ................................................................................................................................................... 29 
2.6 CONCLUSION ................................................................................................................................................. 33 

CHAPTER 3. CLINICAL CHARACTERISTICS OF OBSTRUCTIVE SLEEP APNOEA VERSUS INFECTIOUS 
ADENOTONSILLAR HYPERPLASIA IN CHILDREN ............................................................................................. 34 

3.1 ABSTRACT ..................................................................................................................................................... 34 
3.1.1 Background ........................................................................................................................................ 34 
3.1.2 Methods ............................................................................................................................................. 34 
3.1.3 Results ................................................................................................................................................ 34 
3.1.4 Conclusions ......................................................................................................................................... 35 

3.2 INTRODUCTION .............................................................................................................................................. 35 
3.3 METHODS ..................................................................................................................................................... 37 
3.4 RESULTS ....................................................................................................................................................... 38 



 ix 

3.5 DISCUSSION ................................................................................................................................................... 41 
3.6 CONCLUSION ................................................................................................................................................. 46 

CHAPTER 4. THE BACTERIAL COMMUNITY AND LOCAL LYMPHOCYTE RESPONSE ARE MARKEDLY DIFFERENT 
IN PATIENTS WITH RECURRENT TONSILLITIS COMPARED TO OBSTRUCTIVE SLEEP APNOEA .......................... 47 

4.1 ABSTRACT ..................................................................................................................................................... 47 
4.1.1 Background ........................................................................................................................................ 47 
4.1.2 Methods ............................................................................................................................................. 47 
4.1.3 Results ................................................................................................................................................ 48 
4.1.4 Conclusions ......................................................................................................................................... 48 

4.2 INTRODUCTION .............................................................................................................................................. 49 
4.3 METHODS ..................................................................................................................................................... 50 

4.3.1 Participant Information ...................................................................................................................... 50 
4.3.2 Sample Collection and microbiome analyses ..................................................................................... 51 
4.3.3 Histological analysis ........................................................................................................................... 52 

4.4 RESULTS ....................................................................................................................................................... 54 
4.4.1 Participant information ...................................................................................................................... 54 
4.4.2 Histological analyses .......................................................................................................................... 55 
4.4.3 Microbiome analyses ......................................................................................................................... 58 

4.4.3.1 Sample site variation between RT and OSA tonsil crypt swabs ..................................................................... 58 
4.5 DISCUSSION ................................................................................................................................................... 60 

4.5.1 Histological analyses .......................................................................................................................... 61 
4.5.2 Microbiome analyses ......................................................................................................................... 63 
4.5.3 Study Limitations ................................................................................................................................ 65 

4.6 CONCLUSION ................................................................................................................................................. 66 

CHAPTER 5. PATHOGEN RESERVOIR HYPOTHESIS INVESTIGATED BY ANALYSES OF THE ADENOTONSILLAR 
AND MIDDLE EAR MICROBIOTA ................................................................................................................... 68 

5.1 ABSTRACT ..................................................................................................................................................... 68 
5.1.1 Background ........................................................................................................................................ 68 
5.1.2 Methods ............................................................................................................................................. 68 
5.1.3 Results ................................................................................................................................................ 68 
5.1.4 Conclusions ......................................................................................................................................... 69 

5.2 INTRODUCTION .............................................................................................................................................. 69 
5.3 MATERIALS AND METHODS ............................................................................................................................... 71 

5.3.1 Patient information ............................................................................................................................ 71 
5.3.2 Sample collection ............................................................................................................................... 74 
5.3.3 DNA extraction ................................................................................................................................... 74 
5.3.4 Bacterial 16S rRNA gene sequencing .................................................................................................. 75 
5.3.5 Bioinformatic analyses ....................................................................................................................... 76 
5.3.6 Network analyses ............................................................................................................................... 76 
5.3.7 Statistics ............................................................................................................................................. 77 

5.4 RESULTS ....................................................................................................................................................... 77 
5.4.1 Bacterial community composition ...................................................................................................... 77 
5.4.2 Pairwise comparisons of all sites ........................................................................................................ 79 
5.4.3 Pairwise comparisons between each site ........................................................................................... 79 
5.4.4 Alpha diversity .................................................................................................................................... 80 
5.4.5 Beta diversity ...................................................................................................................................... 80 
5.4.6 Network analyses ............................................................................................................................... 82 

5.5 DISCUSSION ................................................................................................................................................... 85 



 x 

5.5.1 Microbiota of OME ............................................................................................................................. 85 
5.5.2 Microbiota of adenoids do not resemble OME ................................................................................... 86 
5.5.3 Microbiota of adenoids and tonsils are very similar .......................................................................... 87 
5.5.4 PRH was not supported in this study .................................................................................................. 88 

5.6 CONCLUSION ................................................................................................................................................. 90 

CHAPTER 6. THE EFFECT OF AMOXICILLIN WITH CLAVULANATE ON THE MICROBIOME OF TONSILLAR TISSUE 
IN DISEASE: A RANDOMISED CONTROL TRIAL ............................................................................................... 91 

6.1 ABSTRACT ..................................................................................................................................................... 91 
6.1.1 Background ........................................................................................................................................ 91 
6.1.2 Methods ............................................................................................................................................. 91 
6.1.3 Results ................................................................................................................................................ 92 
6.1.4 Conclusions ......................................................................................................................................... 92 

6.2 INTRODUCTION .............................................................................................................................................. 92 
6.3 METHODS ..................................................................................................................................................... 95 

6.3.1 Study Design, Participants, and Intervention ..................................................................................... 95 
6.3.2 Randomization and Blinding .............................................................................................................. 96 
6.3.3 Sample Collection ............................................................................................................................... 96 
6.3.4 Primary Endpoint ................................................................................................................................ 97 
6.3.5 Total DNA Extraction Bacterial 16S rRNA Gene sequencing ............................................................... 97 
6.3.6 Bioinformatic Analyses ....................................................................................................................... 98 
6.3.7 Droplet Digital™ PCR .......................................................................................................................... 98 
6.3.8 Histological analysis ........................................................................................................................... 99 
6.3.9 Statistical Analysis .............................................................................................................................. 99 

6.4 RESULTS ..................................................................................................................................................... 100 
6.4.1 Participant information .................................................................................................................... 100 
6.4.2 Primary Outcome ............................................................................................................................. 103 

6.4.2.1 Bacterial community composition and diversity .......................................................................................... 103 
6.4.2.2 Histological analyses .................................................................................................................................... 107 

6.5 DISCUSSION ................................................................................................................................................. 108 
6.6 CONCLUSIONS .............................................................................................................................................. 110 

CHAPTER 7. THE EFFECT OF CHLORHEXIDINE MOUTHWASH ON BACTERIAL MICROCOLONIES IN RECURRENT 
TONSILLITIS ................................................................................................................................................ 112 

7.1 ABSTRACT ................................................................................................................................................... 112 
7.1.1 Background ...................................................................................................................................... 112 
7.1.2 Methods ........................................................................................................................................... 112 
7.1.3 Results .............................................................................................................................................. 113 
7.1.4 Conclusion ........................................................................................................................................ 113 

7.2 INTRODUCTION ............................................................................................................................................ 113 
7.3 METHODS ................................................................................................................................................... 115 

7.3.1 Participant Information .................................................................................................................... 115 
7.3.2 Sample Collection ............................................................................................................................. 116 
7.3.3 Histological analysis ......................................................................................................................... 116 

7.4 RESULTS ..................................................................................................................................................... 117 
7.4.1 Participant information .................................................................................................................... 117 
7.4.2 Histological analyses ........................................................................................................................ 119 

7.5 DISCUSSION ................................................................................................................................................. 121 
7.6 CONCLUSION ............................................................................................................................................... 122 



 xi 

CHAPTER 8. PERITONSILLAR ABSCESS: A COMMON COMPLICATION OF TONSILLAR DISEASE? .................... 124 

8.1 ABSTRACT ................................................................................................................................................... 124 
8.1.1 Background ...................................................................................................................................... 124 
8.1.2 Methods ........................................................................................................................................... 124 
8.1.3 Results .............................................................................................................................................. 124 
8.1.4 Conclusions ....................................................................................................................................... 125 

8.2 INTRODUCTION ............................................................................................................................................ 125 
8.3 METHODS ................................................................................................................................................... 126 
8.4 RESULTS ..................................................................................................................................................... 127 
8.5 DISCUSSION ................................................................................................................................................. 135 
8.6 CONCLUSIONS .............................................................................................................................................. 137 

CHAPTER 9. THE MICROBIOME OF PERITONSILLAR ABSCESS AND ITS RELATIONSHIP TO THE MICROBIOME OF 
THE IPSILATERAL TONSIL AND OROPHARYNX ............................................................................................. 139 

9.1 ABSTRACT ................................................................................................................................................... 139 
9.1.1 Background ...................................................................................................................................... 139 
9.1.2 Methods ........................................................................................................................................... 139 
9.1.3 Results .............................................................................................................................................. 140 
9.1.4 Conclusions ....................................................................................................................................... 140 

9.2 INTRODUCTION ............................................................................................................................................ 140 
9.3 METHODS ................................................................................................................................................... 142 

9.3.1 Patient Information .......................................................................................................................... 142 
9.3.2 Sample Collection ............................................................................................................................. 143 
9.3.3 DNA Extraction ................................................................................................................................. 144 
9.3.4 Bacterial 16S rRNA Gene sequencing ............................................................................................... 144 
9.3.5 Bioinformatic Analyses ..................................................................................................................... 145 
9.3.6 Statistics ........................................................................................................................................... 145 

9.4 RESULTS ..................................................................................................................................................... 146 
9.4.1 Participant information .................................................................................................................... 146 
9.4.2 Bacterial community composition and diversity variation between PTA and ipsilateral tonsil ........ 148 
9.4.3 Bacterial community composition and diversity variation between PTA and oropharynx ............... 150 
9.4.4 Bacterial community composition and diversity variation between ipsilateral tonsil and oropharynx
 .................................................................................................................................................................. 151 

9.5 DISCUSSION ................................................................................................................................................. 151 
9.6 CONCLUSIONS .............................................................................................................................................. 154 

CHAPTER 10. CONCLUSION AND DISCUSSION ............................................................................................. 156 

10.1 MAJOR FINDINGS ........................................................................................................................................ 156 
10.2 DISCUSSION ............................................................................................................................................... 158 
10.3 FUTURE STUDIES ......................................................................................................................................... 161 

11. BIBLIOGRAPHY ..................................................................................................................................... 163 

 

 



Co-Authorship forms are removed from digital copy and saved as a separate 
file on Research Space for security reasons, please email Research Space 
(researchspace@auckland.ac.nz) for any query. 

mailto:researchspace@auckland.ac.nz


 1 

CHAPTER 1. INTRODUCTION. 
 

1.1 Background  
 

The surface of the human adenoids and palatine tonsils has many folds and crypts that are 

colonised by commensal microbiota soon after the infant is born (Winther, Gross, Hendley, 

& Early, 2009). These microbes subsequently influence the development of the innate 

mucosal immune response and may be a significant factor in protecting or predisposing an 

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 associated 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 adenoids has been investigated but not yet 

definitively established (Nistico et al., 2011; Ren et al., 2013; Stępińska, Olszewska-

Sosińska, Lau-Dworak, Zielnik-Jurkiewicz, & Trafny, 2014). 

Most current knowledge of the microbiology of the upper airways has been derived from 

culture-based studies, which reflect only a very small fraction of the bacteria present on the 

mucosal surface. Culture-independent molecular surveys based on 16S rRNA sequencing are 

now being employed to determine the microbiota on the surface and within the tissue of 

adenoids (Ren et al., 2013).  

This technology comes at a time where adenotonsillar disease is changing. Traditionally, 

tonsillar hyperplasia was almost entirely associated with recurrent tonsillitis. Yet over the 

past 40 years there has been an emergence in children presenting with sleep disordered 

breathing (Zautner, 2012). The underlying pathophysiology of this process is completely 
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unknown (Swidsinski et al., 2007). As such, all children who present to the otolaryngologist 

with adenotonsillar hyperplasia will be treated surgically. While adenotonsillectomy is an 

effective treatment in these children, many are not referred to the otolaryngologist until they 

have had many courses of antibiotics. This is because the criteria for referral to specialist care 

is often based on the number of infective episodes. This is a problem in children with sleep 

disordered breathing symptoms who do not present with infective symptoms (Johnston, 

Kinzett-Carran, Mahadevan, & Douglas, 2018c; Ramos et al., 2013).  

Therefore, if it was determined that adenotonsillar hyperplasia in children with infective 

symptoms differed from that of sleep disordered breathing symptoms. Then criteria could be 

altered to reflect this, and children may not be subjected to multiple courses of potentially 

unnecessary antibiotics. Determining that the tonsils of children with infective symptoms 

have a different microbiome to those with sleep disordered breathing symptoms, would go a 

long way to assist in this. Furthermore, it is not known if the children themselves differ in 

regard to demographic and clinical characteristics between the two presenting groups 

(Johnston, Kinzett-Carran, Mahadevan, & Douglas, 2018c; Ramos et al., 2013).  

It is widely accepted that an adverse microbiome is responsible for the development of 

adenotonsillar hyperplasia in children with infective symptoms. Yet, what this microbiome is 

has not been determined (Ren et al., 2013). Also, the relationship between the microbiome in 

the palatine tonsil, adenoid, and middle ear has only been newly investigated in a single 

patient (Liu, Cosetti, Aziz, Buchhagen, Contente-Cuomo, Price, Keim, & Lalwani, 2011a). 

This is despite a long-held belief that pathogenic bacteria found in the adenoid tonsil 

contribute directly to the development of infective middle ear disease (Liu, Cosetti, Aziz, 

Buchhagen, Contente-Cuomo, Price, Keim, & Lalwani, 2011a).  
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While adenotonsillectomy is a curative treatment in children with adenotonsillar hyperplasia, 

irrespective of their presenting symptoms. Many children are treated in the community with 

oral or topical antimicrobial agents. Yet, the effects of these treatments on the microbiome of 

tonsillar tissue in disease is unknown (Johnston, Kinzett-Carran, Mahadevan, & Douglas, 

2018c; Ramos et al., 2013). This should be urgently investigated, as if there is little effect, 

earlier tonsillectomy should be advocated.  

Recurrent tonsillitis is a disease that is associated with significant morbidity including the 

most common deep space abscess in the head and neck region (Rusan, Klug, & Ovesen, 

2009). Peritonsillar abscess, like recurrent tonsillitis, has been investigated with culture-based 

methods. Yet, the microbiome of peritonsillar abscess has not been established with 

molecular methods (Rusan, Klug, & Ovesen, 2009). As peritonsillar abscess is a common 

indication for tonsillectomy, the microbiome of these abscesses should be investigated to 

determine if they are actually related to recurrent tonsillitis. Or if they are more likely related 

to an obstruction of Weber’s glands in the peritonsillar space. If they are not related to 

recurrent tonsillitis, then peritonsillar abscess should not be an indication for tonsillectomy.  

This thesis sets out to explore the adenotonsillar microbiome as it relates to recurrent 

infection and sleep disordered breathing symptoms. It aims to determine the relationship 

between the microbiome of the tonsil, adenoid, and middle ear. It will investigate the effects 

of common treatments on the microbiome of tonsil tissue in children with recurrent tonsillitis. 

Furthermore, it will determine the microbiome of peritonsillar abscess and investigate the 

potential relationship of this to children with recurrent tonsillitis.  

Prior to undertaking this endeavor, this chapter reviews what is currently known about the 

modern molecular techniques and spatial organization of microorganisms in adenotonsillar 

tissue.  
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1.2 Modern molecular techniques 
 

Until recently studies of the adenotonsillar microbiome were based purely on culture or, more 

recently, polymerase chain reaction (PCR) methods. These target only a few bacterial groups, 

and accordingly provide a potentially 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, Hoggard, Jain, Taylor, & Douglas, 2015). This 

is usually achieved by using a bead-beating approach. Extracted DNA of sufficient quantity 

and quality is subsequently subjected to PCR amplification 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 (Amann, Ludwig, 

& Schleifer, 1995; Tringe & Hugenholtz, 2008). Illumina MiSeq sequencing techniques, one 

of the so-called next-generation sequencing approaches, sequences bacterial 16S rRNA genes 

using bioinformatics and statistics protocols (Webster et al., 2010). This sequencing approach 

yields thousands to tens of thousands of sequences per sample. It enables the user to identify 

both the abundant and rare members of the microbiome and to survey large numbers of 

patients (Kuczynski et al., 2010). It 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. 

 

1.3 Spatial organization of microorganisms 
 

Culture-based studies have shown us that potentially pathogenic bacteria such as Neisseria, 

Streptococcus sp, Haemophilus influenzae, Staphylococcus aureus, Actinomyces, 

Bacteroides, Prevotella, Porphyromonas, Peptostreptococci and Fusobacterium sp are often 



 5 

isolated from the nasopharynx and tonsils in healthy children and also in children with 

diseased tonsils (Brook, 2005). Many culture and PCR based studies suggest that children are 

exposed to Helicobacter pylori at an early age of their lives and that this may play a role in 

the pathogenesis of chronic adenotonsillitis, especially in endemic areas (Bayindir et al., 

2015; Hwang, Forman, Kanter, & Friedman, 2015; Kaymakçı et al., 2014; Vilarinho et al., 

2010). A swab taken for culture detects only bacteria from the area that is sampled on the 

tissue surface. As a result, bacteria that reside in deep crypts or intracellularly are unlikely to 

be detected (Swidsinski et al., 2007). Culture swabs are often used in clinical practice to 

guide treatment. They are limited in the sense that they will grow only bacteria with 

metabolic needs that match the culture media and atmosphere that is used.   

Despite the widespread use of antibiotics in the community setting, adenotonsillar disease is 

frequently resistant to treatment. This chronic disease state results in much time off school or 

work. Only after significant morbidity and often multiple courses of antibiotics do patients 

proceed to tonsillectomy or adenoidectomy (Swidsinski et al., 2007).  

Until recently there were no reports of the spatial organisation and composition of bacteria in 

adenotonsillar tissue. This changed following a study by Swidsinski et al. who investigated 

the in situ composition of the microbiota of tonsil and adenoid tissue using a broad range of 

fluorescent oligonucleotide probes targeted to bacterial rRNA (Swidsinski et al., 2007). This 

study analysed tissues from tonsils and adenoids obtained during surgery from 70 patients, 

aged 13 months to 38 years of age. The indications for operation in all of these patients was 

either airway obstruction or recurrent infection. However, none of these patients had acute 

infective symptoms on the day of surgery. After tissue analysis, it was noted that 83% of 

patients had multiple foci of ongoing purulent infection within the palatine tonsil and adenoid 

tissue.  Diffuse infiltration of the tonsils by bacteria, microabscesses, bacteria adherent to the 

epithelium, fissures filled with pus and bacteria, and marked inflammatory responses with 
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macrophages containing phagocytosed bacteria was observed. It was observed 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. The microbiome was polymicrobial within these 

tissues (Swidsinski et al., 2007). 

This study suggests that hyperplasia of the adenoids and palatine tonsils is likely to result 

from the presence of multiple species of pathogenic bacteria, which alters the long-held 

perspective that chronic adenotonsillitis was the result of a single bacterial organism 

colonizing the tissue surface (Swidsinski et al., 2007). Given that various bacterial groups are 

located throughout the tissue, a surface swab taken for culture will not provide a full 

assessment of the pathogenic organisms. This knowledge also suggests that the pathogenesis 

of tissue hyperplasia is likely secondary to a highly diverse range of various opportunistic, 

commensal, and pathogenic microorganisms and the immunological response to them. The 

presence of these bacteria throughout tissue in patients with no acute signs of infection at the 

time of surgery emphasizes the limited understanding of the pathogenesis of these diseases 

(Swidsinski et al., 2007). 

 

1.4 Intracellular bacteria 
 

Not only have bacteria been shown to be located in various anatomical locations in the tonsils 

and adenoids but they have also been reported intracellularly (Stępińska et al., 2014). In 

biopsies taken from the middle ear in children with otitis media with effusion, S. pneumoniae 

and H. influenzae within biofilms on the tissue surface have been observed (Thornton et al., 

2011). The authors suggest that biofilm-embedded and intracellular pathogens may contribute 

to the pathogenesis of adenotonsillar hyperplasia (Stępińska et al., 2014). However, the 
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localization of intracellular bacteria is difficult, and only two approaches have so far proved 

successful. These are to isolate a defined population of cells from the tissue by 

immunomagnetic separation and then analyze the content of the cells or to observe 

microscopically eukaryotic cells in tissue biopsies (Forsgren et al., 1994). 

In an attempt to identify intracellular bacteria, viable bacteria were isolated from cells 

expressing monocyte/macrophage marker CD14 in adenoid and palatine tonsil tissue from 

children with and without recurrent infection (Stępińska et al., 2014). 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, the authors observed the coexistence of viable 

Staphylococcus aureus, Streptococcus pyogenes, and Haemophilus influenzae inside CD14 

+ve cells (Stępińska et al., 2014). It was also observed by the use of the fluorescent in situ 

hybridisation (FISH) with a universal EUB388, and species-specific probes, that intracellular 

bacteria were detected twice as often than with conventional culture techniques. The authors 

concluded that FISH is more sensitive than culture in the identification of intracellular 

bacteria (Stępińska et al., 2014). 

 

1.5 16SrRNA gene-based sequencing 
 

Understanding the spatial organization of bacteria within adenoid and tonsil tissue and 

recognizing 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 microbiomes, Ren et al. 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 found diverse adenoid bacterial communities that were very distinct from 
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other sites within the human body. Even though significant interpersonal differences were 

observed between the microbiomes of study participants, there was a core set of taxa shared 

between subjects that could be classified based on bacterial species composition into at least 

five major types. These results support the ‘pathogen reservoir hypothesis’ given that 

common pathogens of otitis media were both abundant and prevalent in adenoid tissue. The 

authors also found evidence that supports the bacterial interference theory in the sense that 

many common pathogens showed ‘non-coexistence' relationships with the non-pathogenic 

members of the commensal microbiome (Ren et al., 2013). 

In another study the tonsil, adenoid, and middle ear specimens from a single paediatric 

patient with chronic serous otitis media was analyzed using 16S rRNA gene-based 

pyrosequencing. Seventeen unique bacterial families were detected, with 12, 9 and 9 bacterial 

families from the adenoid, tonsil, and middle ear specimens respectively (Liu, Cosetti, Aziz, 

Buchhagen, Contente-Cuomo, Price, Keim, & Lalwani, 2011a). This study showed that many 

bacteria, including Streptococcaceae, Pasteurellaceae, Fusobacteriaceae, and 

Pseudomonadaceae, 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, Cosetti, Aziz, Buchhagen, 

Contente-Cuomo, Price, Keim, & Lalwani, 2011a). It was concluded 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, 

Cosetti, Aziz, Buchhagen, Contente-Cuomo, Price, Keim, & Lalwani, 2011a). This supports 

the ‘pathogen reservoir hypothesis’ in the sense that the adenoid acts as a reservoir of bacteria 

for both the tonsil and middle ear. 

The adenoid pathogen reservoir hypothesis is also supported by another study in which 16S 

rRNA gene sequencing was performed on middle ear fluid swabs, nasopharyngeal swabs, and 
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adenoid specimens from 11 indigenous children in Australia (Jervis-Bardy, Rogers, Morris, 

Smith-Vaughan, Nosworthy, Leong, Smith, Weyrich, De Haan, Carney, Leach, O'Leary, & 

Marsh, 2015a). It was observed that despite significant differences between the middle ear 

fluid, nasopharyngeal, and adenoid microbiomes, H. influenzae, Streptococcus sp., and 

Moraxella catarrhalis operational taxonomic units were common to all sample types (Jervis-

Bardy, Rogers, Morris, Smith-Vaughan, Nosworthy, Leong, Smith, Weyrich, De Haan, 

Carney, Leach, O'Leary, & Marsh, 2015a). While these data support the pathogen reservoir 

hypothesis in regard to the adenoids, they also suggest that other environmental pressures 

distinguish these anatomical spaces.  

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

of individuals without recurrent infection is determined (Jensen, Fagö-Olsen, Sørensen, & 

Kilian, 2013). A comparison between the microbiome of the crypts of the palatine tonsils in 

adults and children with recurrent tonsillitis with 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 significant part of the 

microbiome to species level was performed (Jensen et al., 2013). A complex microbiome 

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 

found in all patient samples. Neisseria species, Haemophilus influenzae and Streptococcus 

pneumoniae were 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 

Streptococcus intermedium, Fusobacterium necrophorum, and Prevotella 

melaninogenica/histicola were associated with recurrent tonsillitis in the adult group and 
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species such as Streptococcus pyogenes and Staphylococcus aureus was scarce (Jensen et al., 

2013). These results suggest that recurrent tonsillitis is a polymicrobial infection with a 

complex and incompletely understood pathogenesis. 

16s rRNA gene sequencing will reliably allow identification to the genus level. Species-level 

identification is often not possible with short read 16S sequences. Jensen et al. were able to 

on several occasions identify bacteria at the species level (Jensen et al., 2013). They were 

able to do this by performing a phylogenetic analysis of unique 16S rRNA sequences with the 

inclusion of 16S rRNA gene sequences of related designated type strains (Jensen et al., 

2013). Sequences that formed coherent and distinct clusters together with a single type strain 

were assigned to the corresponding species (Jensen et al., 2013; Scholz, Poulsen, & Kilian, 

2012). Based on this approach these authors were able to identify the following taxa to 

species level: Streptococcaceae, Neisseriaceae, Fusobacterium, Pasteurellaceae, Prevotella, 

Porphyromonadaceae, Treponema, Flavobacteriaceae, Veillonellaceae, Gemella, Rothia, 

Parvimonas, Granulicatella, Tannerella, and Actinomyces (Jensen et al., 2013).  

 

1.6 Multiomics and adenotonsillar disease 
 

Complex and dynamic networks of molecules are involved in mucosal inflammatory 

diseases, and these are influenced by many environmental factors (Sun & Hu, 2016). 

Recently, high-throughput measurement of the human genome, epigenome, metabolome, 

transcriptome, and proteome at the population level has become a reality (Sun & Hu, 2016). 

It is hoped that the integrative approach of multiomic data may enhance understanding of the 

molecular dynamics underlying the pathophysiology of diseases such as adenotonsillar 

disease. Genomic and transcriptomic association approaches have successfully identified 

genes involved in the development of human conditions (Sun & Hu, 2016). However, they 
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cannot capture inter-individual changes over time and how such changes relate to disease 

risk. Proteomics measures all proteins and peptides in biological samples and offers highly 

complementary information to genomics (Sun & Hu, 2016). Whereas population-based omics 

studies have highlighted the association with disease traits as well as an inter-individual 

variation (Sun & Hu, 2016). While multiomic studies offer a comprehensive review of human 

diseases at a system level across several types of functional layers over time, they are not 

without challenges. A lack of reasonable technologies for large-scale population studies and 

high cost have slowed advancement (Sun & Hu, 2016). To our knowledge, no multiomic 

studies are investigating the pathophysiology of adenotonsillar disease.  It is likely that this 

approach will need to be taken to uncover novel strategies for early detection, prevention, and 

treatment in the future (Sun & Hu, 2016). 

 

1.7 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 pathogenesis of this disease process 

remains limited (Swidsinski et al., 2007). Our knowledge of the microbiome has for most of 

history been limited to traditional culture-based techniques. Even though there is a cure for 

the disease in the form of an adenotonsillectomy, it needs to be emphasized that this 

operation is not without risks and we do not fully understand the effects that it has on the 

development of the immune system. Moreover, most patients are given multiple courses of 

antibiotics before a surgery that may cause detrimental effects to the developing immune 

system. With the introduction of antibiotics, decline of acute rheumatic fever in Western 

countries, and the falling incidence of chronic adenotonsillitis, surgery has become less 
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frequent, and so it is more important than ever to understand the pathogenesis of these 

disease processes (Swidsinski et al., 2007). We must ask ourselves for what reason are we 

performing surgery, other than to reduce enlarged and obstructing tissue mechanically. The 

most likely answer is that we are removing the chronic purulent foci that exist in tissue even 

in the absence of clinical signs of infection (Swidsinski et al., 2007). This thesis in part aims 

to answer this question.  

It is important to acknowledge that there are limitations of molecular techniques as they 

pertain to adenotonsillar disease. There are only five adenotonsillar microbiota studies in the 

literature, prior to those reported in this thesis (Chan et al., 2016; Jensen et al., 2013; Liu, 

Cosetti, Aziz, Buchhagen, Contente-Cuomo, Price, Keim, & Lalwani, 2011a; Ren et al., 

2013; Watanabe et al., 2017). So far, not all age groups have been included in studies. 

Differences in the tonsil crypt microbiota between children and adults have been observed: 

Haemophilus influenzae, Neisseria sp, and Streptococcus pneumoniae were almost 

exclusively detected in children (Jensen et al., 2013).   

Most of these studies sample a single location. It is unknown if the microbiome differs in 

tonsil and adenoid tissue depending upon the chosen anatomical sampling site. However, we 

do know Swidsinski et al. who investigated the spatial organisation of the microbiota in 

hyperplastic tonsils and adenoids found different species of bacteria in various locations 

throughout the tissue (Swidsinski et al., 2007). No longitudinal data are investigating how the 

adenotonsillar microbiota changes with time. Given that disease severity alters with time, we 

may expect to see a microbiota reflecting symptom severity. There is little knowledge of the 

viability and virulence factors associated with the identified microbes. Therefore, molecular 

methods alone may not allow us to draw a causal link between bacteria and adenotonsillar 

disease.  Differences in the adenotonsillar microbiome based on demographic and clinical 
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symptoms will need to be investigated to make progress towards establishing a relationship 

between microbiota and disease.   

As more microbiome work is undertaken in the area of adenotonsillar hyperplasia, it is 

expected that non-targeted 16S rRNA surveys will continue to reveal patterns that support or 

refute the adenoid pathogen reservoir hypotheses theory and will enhance our understanding 

of the relationship between tonsil and adenoid microbiota and upper airway infections (Ren et 

al., 2013).  We will also be able to utilize these techniques to investigate the effects that 

commonly prescribed antibacterial agents have on disease adenoid and tonsil tissue. Finally, 

molecular methods can be utilized to support or refute commonly held dogmas based on 

historical culture-based studies. One such theory that will be challenged in this thesis is the 

belief that peritonsillar abscess is almost exclusively a complication of recurrent tonsillitis. 

1.8 Hypotheses 
 

This thesis aims to investigate the microbiome of adenoid and tonsil tissue in children who 

present with adenotonsillar hyperplasia focusing primarily on surgical indication. Moreover, 

this thesis aims to determine the effects of commonly prescribed systemic and topical 

antibacterial agents on the microbiome of children presenting with recurrent tonsillitis. 

Finally, the clinical characteristics and microbiome of patients presenting with peritonsillar 

abscess were investigated to determine if a peritonsillar abscess is likely a complication of 

recurrent tonsillitis.   

 

The specific hypotheses that will be discussed in the following chapters are: 

 

Chapter 2: that the adenoid and tonsil microbiota differ according to sampling location.  
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Chapter 3: that children with obstructive sleep apnoea have different perioperative 

characteristics when compared with those who present with recurrent tonsillitis. 

 

Chapter 4: that there are significant differences in the local lymphocyte response and 

bacterial community composition in tonsil tissue between recurrent tonsillitis and obstructive 

sleep apnoea patients. 

 

Chapter 5: that the adenoid pathogen reservoir hypothesis is likely to be a significant 

contributor to otitis media with effusion. 

 

Chapter 6: that a single course of antibiotics has a significant impact on the tonsil microbiota 

in children with recurrent tonsillitis.  

 

Chapter 7: that chlorhexidine mouthwash may offer a non-invasive, topical alternative to 

treatment in patients with recurrent tonsillitis.  

 

Chapter 8: that peritonsillar abscess is a common complication of recurrent tonsillitis. 

 

Chapter 9: that there is an absence of significant infection in the oral cavity during times of 

peritonsillar abscess. 
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CHAPTER 2. PAIRED ANALYSIS OF THE MICROBIOTA 
BETWEEN SURFACE TISSUE SWABS AND BIOPSIES FROM 
PEDIATRIC PATIENTS UNDERGOING 
ADENOTONSILLECTOMY  
 

2.1 Abstract 
 

2.1.1 Background 
 

Culture-independent methods, based on bacterial 16S rRNA gene sequencing, have been used 

previously to investigate the adenotonsillar microbiota. However, these studies have focused 

on a single sampling site (usually a surface swab). We aimed to investigate potential 

differences in adenotonsillar microbiota according to sampling location, both on and within 

the adenoids and palatine tonsils. 

 

2.1.2 Methods 
 

Paediatric patients (n=28, mean age five years) undergoing adenotonsillectomy were 

recruited for this study. At the time of surgery, a mucosal adenoid surface swab and an 

adenoid tissue biopsy were collected. Immediately following surgery, the crypts of the right 

and left tonsils were swabbed, and a surface and core tissue sample from the right tonsil were 

also collected. Bacterial 16S rRNA gene-targeted amplicon sequencing was used to 

determine the bacterial composition of the collected samples. 

 

2.1.3 Results 
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There was no significant difference in diversity or composition of the adenoid microbiota 

based on sampling site. However, the Shannon–Wiener and Inverse-Simpson diversity 

indices differed significantly (p<0.05) between the microbial communities of the three 

different tonsil sampling sites. There was a higher average relative abundance of members 

from the genera Streptococcus, Actinobacillus, and Neisseria in the tonsil crypts when 

compared with surface and core tonsil tissue samples. 

 

2.1.4 Conclusions 
 

Our results indicate that there is variation in bacterial diversity and composition based on 

sampling sites in the tonsils but not the adenoids. The difference in microbiota between the 

surface and the tissue may have implications for our understanding of the pathogenesis of 

recurrent tonsillitis and have treatment implications. 

 

2.2 Introduction 
 

Pathogenic bacteria associated with the tonsils and adenoids cause much morbidity in the 

paediatric population (Perry & Whyte, 1998). In a national study performed in Sweden, the 

incidence rate of adenoidectomy was reported as 740/100,000 in children under ten years old 

(Gerhardsson, Stalfors, Odhagen, & Sunnergren, 2016). In Denmark, a nationwide cohort 

study reported a tonsillectomy incidence rate in 2012 of 129.4/100,000 (Juul, Rasmussen, 

Rasmussen, Sørensen, & Howitz, 2018). Hyperplasia of the palatine tonsils is associated with 

both recurrent tonsillitis and obstructive sleep apnoea, and hyperplasia of the adenoids is 

associated with otitis media with effusion (Zautner, 2012). Most current knowledge of the 

microbiology of the tonsils and adenoids has been derived from culture-based studies, which 
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can reflect a small fraction of the bacteria present on the mucosal surface (Karunasagar, 

Jalastagi, Naik, & Rai, 2018). These bacteria are mostly reported as Streptococcus spp., 

Haemophilus spp., and Staphylococcus aureus (Brook & Yocum, 1999; Ren et al., 2013; 

Zautner, 2012). However, Actinomyces spp. and Helicobacter pylori have also been 

implicated in adenotonsillar disease (Bitar et al., 2006; Kutluhan, Salvız, Yalçıner, Kandemir, 

& Yeşil, 2011; Melgarejo Moreno et al., 2006; Ozgursoy, Kemal, Saatci, & Tulunay, 2008; 

Toros et al., 2011; Vilarinho et al., 2010).   

Culture-independent molecular surveys based on 16S rRNA gene sequencing are now being 

employed to determine the microbiota of the tonsils and adenoids (Ren et al., 2013). Unlike 

culture studies, these studies are beginning to reveal complex, diverse, and highly variable 

bacterial communities in adenotonsillar tissue (Jensen et al., 2013; Liu, Cosetti, Aziz, 

Buchhagen, Contente-Cuomo, Price, Keim, & Lalwani, 2011a; Ren et al., 2013). Jensen and 

colleagues investigated the microbiota of tonsillar crypts and noted a complex microbiota of 

between 42 and 110 taxa in both children and adults (Jensen et al., 2013). They observed that 

Haemophilus influenza, Neisseria spp., and Streptococcus pneumoniae were almost 

exclusively detected in children. Interestingly, they noted that species which are traditionally 

associated with acute tonsillitis, such as pyogenic streptococci and Staphylococcus aureus, 

were scarce. However, one of the limiting factors of this study is that a single sampling 

location was selected. It is unknown if the microbiome differs in tonsil and adenoid tissue 

depending upon the chosen anatomical sampling site.  

One study investigated the spatial organization of the microbiota in hyperplastic tonsils and 

adenoids using a broad range of fluorescent oligonucleotide probes targeted to bacterial 16S 

rRNA gene (Swidsinski et al., 2007). It was found that Haemophilus influenzae mainly 

infiltrated the tissue, Bacteroides and Streptococcus were predominantly in fissures, 

and Burkholderia, Fusobacteria, and Pseudomonas were located only within adherent 
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bacterial layers (Swidsinski et al., 2007). They also noted that the microbiota at each site was 

always polymicrobial. These findings indicate that the microenvironment on the surface of 

the tissue is most likely to be different to that of the deep tissue. Therefore, we would expect 

to see different microbial communities at various sites, which emphasizes the importance of 

investigating the microbiota at multiple sampling sites in adenotonsillar tissue. This is 

supported by Kim et al. who examined the difference in bacterial composition and diversity 

between middle meatal swabs and tissue in patients undergoing surgery for chronic 

rhinosinusitis (R. J. T. Kim, Biswas, Hoggard, Taylor, & Douglas, 2015). This study found 

that while swab and tissue samples revealed similar bacterial diversity, bacterial composition 

differed significantly between the two sample types. To our knowledge, only one culture 

independent sequencing-based study has used tonsil and adenoid tissue as opposed to swabs 

for bacterial community analysis (Liu, Cosetti, Aziz, Buchhagen, Contente-Cuomo, Price, 

Keim, & Lalwani, 2011a). Broader application of the results of this study is limited, as this 

was a case study of a single patient (Liu, Cosetti, Aziz, Buchhagen, Contente-Cuomo, Price, 

Keim, & Lalwani, 2011a).  

This study aimed to investigate the adenotonsillar microbiota according to sampling location 

using bacterial 16S rRNA gene amplicon sequencing.  By doing so, it was hoped that a 

greater understanding of the role of bacteria in the pathogenesis of adenotonsillar hyperplasia 

might be achieved, and the optimal type of sample to guide antibiotic therapy might be 

defined. 

 

2.3 Methods 
 

2.3.1 Patient Information 
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Twenty-eight participants undergoing adenotonsillectomy were recruited for this study and 

adenoid and tonsil samples were collected from 24 patients each. Participants were required 

to be under the age of 15 years and to have taken no antibiotics for at least eight weeks before 

surgery. Mean patient age was five years and 15 were male. Written consent was obtained 

from the parent or legal guardian of each participant, and ethical approval from the New 

Zealand Health and Disability Ethics Committee (16/STH/53) was obtained for this study. 

 

2.3.2 Sample Collection 
 

Adenotonsillectomy was performed under general anaesthetic by a paediatric ORL surgeon. 

Intravenous antibiotics were not administered at induction. Following induction, 

tonsillectomy was performed with either bipolar diathermy or coblation diathermy (Smith & 

Nephew, London, United Kingdom). Each tonsil was removed and placed immediately into 

individual sterile pots. Before adenoidectomy and under mirror visualisation, a sample of 

adenoid was removed with biopsy forceps and put into a sterile container. These samples 

were stored on ice and taken to the laboratory within one hour. 

It is not practical to obtain an adequate tonsil crypt swab in a patient before tonsillectomy 

without contamination. To accurately compare the tonsil crypt with surface and core tissue, 

swabs were taken deep within the tonsil crypts immediately following tonsillectomy. Pairs of 

sterile rayon-tipped swabs (Copan, #170KS01) were used to swab the crypts of each palatine 

tonsil and the mucosal surface of the adenoid. Using sterile techniques, the right tonsil and 

adenoid tissue were dissected as follows: a sample of medial wall tonsil surface mucosa was 

excised using a sterile blade, then the tonsil and adenoid samples were cut in half with a 

sterile blade and then a fresh sterile blade was then used to excise a core tissue sample, with 

care taken to ensure the sample did not include any surface mucosa. Immediately following 
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collection, the tip of each swab and the individual tissue samples were removed aseptically 

and placed in a sterile 1.5 mL Eppendorf tube containing RNAlaterÒ. All tubes were labelled 

and stored at -20°C until further analysis.  

Although all patients who were recruited gave consent to obtain both tonsil and adenoid 

tissue. Four patients wanted their tonsil tissue returned to them following surgery. This was a 

decision made by the patient and their families following the procedure. As an adequate 

adenoid tissue sample had been obtained from these patients. It was decided to utilise this 

tissue and leave the tonsil tissue samples in the graph for these patient’s blank. In another 

four patients inadequate adenoid tissue samples were obtained for analyses. As adequate 

tonsil tissue was obtained for these patients. It was decided to utilise this tissue and leave the 

adenoid tissue samples in the graph for these patient’s blank. 

2.3.3 DNA Extraction 
 

Two replicate swabs from each sample site were thawed on ice and placed together into a 

sterile Lysing Matrix E tube (MP Biomedicals, Australia). Each tissue sample was also 

thawed on ice and put into a sterile Lysing Matrix E tube (MP Biomedicals, Australia). 

Genomic DNA was extracted from the swab and tissue samples using the AllPrep DNA/RNA 

Isolation Kit (Qiagen) following the manufacturer's instructions and eluted in 30 μL of 

DNase-free water. Cells were ruptured using a Qiagen TissueLyser II at 25 m/s for 2 × 40 s. 

The quality and quantity of genomic DNA were measured on a Nanodrop 3300 

fluorospectrometer.  

 

2.3.4 Bacterial 16S rRNA Gene sequencing 
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The V3-V4 region of the bacterial 16S rRNA gene was amplified from the extracted genomic 

DNA using primers 341F and 803R (Herlemann et al., 2011). Sample preparation for 

amplicon sequencing was as described previously (Hoggard et al., 2017), with some minor 

modifications. In brief, the aforementioned 16S rRNA gene-targeting primers, complete with 

Nextera DNA library Prep Kit adaptors, were used in equimolar concentrations (0.2 μM) 

together with dNTPs (0.2 µM), HotStar PCR buffer (x1), MgCl2 (2 mM), 0.5U HotStar DNA 

polymerase (Qiagen, Germany) and PCR-certified water to a final volume of 25 μL. PCR 

amplification was performed in an Applied Biosystems Thermal Cycler for 35 cycles. 

Negative PCR controls (without the addition of genomic DNA) were included for all PCR 

reactions, with no detectable PCR product. Amplified products were purified using 

Agencourt AMPure beads (Beckman Coulter Inc. United States) and quantified using Qubit 

dsDNA High-Sensitivity (Life Technologies, United States). Equimolar concentrations of 

prepared amplicons for 144 samples in total (including adenoid swab and tissue samples for 

24 patients (48 samples in total), and right tonsil swab, surface tissue, and core tissue, and left 

tonsil swab samples for 24 patients (96 samples in total)) were submitted to the sequencing 

provider (Auckland Genomics Ltd., Auckland, New Zealand) for library preparation and 

sequencing on the Illumina MiSeq platform (2 x 300 bp paired-end reads).  

 

2.3.5 Bioinformatic Analyses 
 

Processing of obtained sequence reads was carried out as described previously (Hoggard et 

al., 2017). Briefly, sequences were merged and quality filtered in USEARCH (Edgar, 2010; 

Edgar & Flyvbjerg, 2015). Sequences were clustered using the UCLUST algorithm into 

operational taxonomic units (OTUs) based on 97% sequence similarity (Edgar, 2013). OTUs 

were taxonomically assigned in QIIME (Caporaso et al., 2010) using the SILVA database (v. 
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128) (Quast et al., 2013). Samples were rarefied to an even sequencing depth of 2000 reads 

per sample for further analysis. Beta-diversity distance matrices (based on weighted and 

unweighted UniFrac (Lozupone, Lladser, Knights, Stombaugh, & Knight, 2011)) were 

calculated in QIIME.  

 

2.3.6 Statistics 
 

Diversity indices (including Shannon–Wiener index and Inverse-Simpson index) and 

rarefaction curves were calculated for all samples from OTU tables using QIIME (Caporaso 

et al., 2010), and then values were formally compared using Student’s t-test and the Kruskal-

Wallis test. The Adonis function in Calypso (Zakrzewski et al., 2017) was used to analyse the 

impact of the sampling site on the multi-species community structure of adenoid samples. An 

ANOVA test was performed to compare the 20 most abundant genera by the sample site in 

the adenoids and tonsils using Calypso (Zakrzewski et al., 2017). Pairwise comparisons of 

site-specific differences in relative abundance were calculated using the Kruskal-Wallis test 

followed by Dunn's test of multiple comparisons with Bonferroni adjustment. Non-metric 

multidimensional scaling (nMDS) plots were constructed using R software (version 3.3.0) 

(Team, 2014) based on weighted and unweighted UniFrac distance matrices. 

 

2.4 Results 
 

2.4.1 No microbial variation in the adenoids based on sampling methods 
 

At phylum level, the adenoid swab and tissue samples were dominated by Proteobacteria 

(predominantly represented by the genera Haemophilus and Moraxella), Fusobacteria 
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(dominated by the genus Fusobacterium), Firmicutes (dominated by the genus 

Streptococcus), and Bacteroidetes (Porphyromonas). Other genera collectively comprised a 

smaller proportion (24.6% adenoid swab and 27.9% adenoid tissue) of the bacteria present. 

Considerable variability in bacterial community composition between subjects was observed 

at phylum and genus levels (Figure 1). There were 325 distinct OTUs detected in the adenoid 

sample data (range: 20 to 106 OTUs per sample). Adonis was used to analyse the impact of 

sampling site on the multi-species community structure of adenoid specimens. Partitioning 

the adenoid data based on whether they were swab or tissue samples did not significantly 

explain any of the variability in the data (p=0.23). 

 

Figure 1. Bacterial community composition of the adenoids of 24 patients with adenotonsillar 

disease at phylum level (A) and genus level (B). The dominant phyla and genera within the 

samples are shown. Swab and tissue samples from each patient are shown alongside each 

other. S = swab; T = tissue.  
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ANOVA tests were performed to compare the 20 most abundant genera by sample site in the 

adenoids. This revealed that there were no genera that differed significantly in relative 

abundance between the adenoid swab and tissue samples. Similarly, alpha diversity indices 

did not differ significantly between the microbial communities of the two adenoid sample 

sites (Shannon-Wiener p = 0.30; Inverse-Simpson p = 0.86). In ordination analyses of beta-

diversity (Figure 2), adenoid swab and tissue samples had the same spread (beta dispersion) 

(p = 0.57) and were overlapping in multi-dimensional space, further supporting the findings 

that bacterial community types of the adenoid swab and tissue samples were comparable.  
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Figure 2. Non-metric multidimensional scaling (nMDS) plots based on weighted UniFrac 

distance matrices and boxplots of sample distances to each group centroid for (A) adenoid 

swab and tissue samples, and (B) tonsil swab, surface tissue, and core tissue samples. Vector 

lines in nMDS plots join samples for each patient. Sample spread (beta-dispersion, based on 

sample distances to the centroid for each group) was not significantly different between the 
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adenoid or tonsil sample groups.  

 

2.4.2 Sample site and sample collection variation in right palatine tonsil  
 

The right tonsil was used to compare crypt swab microbiota with surface tissue and core 

tissue microbiota. At phylum level, the tonsil swab and tissue samples were dominated by 

Fusobacteria (Fusobacterium), Proteobacteria (Haemophilus, Moraxella, and Neisseria), 

Bacteroidetes (Porphyromonas), and Firmicutes (Streptococcus). Other genera collectively 

comprised a smaller proportion (27.1% right crypt swab, 21.2% surface tissue, and 22.3% 

core tissue) of the bacteria present. Considerable variability in bacterial community 

composition between subjects was observed at both phylum and genus levels (Figure 3). 

There were 500 distinct OTUs detected in the tonsil sample data (range: 30 to 155 OTUs per 

sample). Kruskal-Wallis tests were performed to compare each of the 20 most abundant 

genera by sample site in the right tonsil. Pairwise comparisons for each site were tested using 

Dunn’s test of multiple comparisons with Bonferroni adjustment. This revealed that there was 

a higher relative abundance of Streptococcus (p<0.001), Actinobacillus (p<0.001), Neisseria 

(p=0.001), and Alloprevotella (p=0.04) in the tonsil crypts when compared with core tonsil 

tissue samples. There was also a higher relative abundance of Streptococcus (p<0.001), 

Actinobacillus (p=0.02), and Neisseria (p=0.01) in the tonsil crypts when compared with 

surface tonsil tissue. There was no significant difference in the relative abundance of these 

genera when surface tonsil tissue was compared with core tonsil tissue.  
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Figure 3. Bacterial community composition of the tonsils of 24 patients with adenotonsillar 

disease at phylum level (A) and genus level (B). The dominant phyla and genera within the 

samples are shown. Swab and tissue samples from the right tonsil of each patient are shown 

alongside each other. S = swab; TC = tissue core; TS = tissue surface.  

 

In ordination analyses of both weighted and unweighted UniFrac data, the centroids for the 

three sample types were in similar multidimensional space, indicating that the composition 

and structure of bacterial communities were similar between the three groups. The bacterial 

communities of the right tonsil crypt samples had lower dispersion than the surface and core 

tissue samples, however, this was not significant in subsequent testing (weighted UniFrac 

ANOVA p = 0.50; unweighted p = 0.19). (Figure 2). Adonis analysis showed that 

partitioning the data into the three sample types did not significantly explain any of the 

variation in the bacterial community data (weighted UniFrac adonis p = 0.39; unweighted p = 
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0.06). 

The Shannon–Wiener and Inverse-Simpson diversity indices differed significantly between 

the microbial communities of the three different tonsil sampling sites, with tonsil surface and 

core tissue samples exhibiting lower bacterial diversity compared to tonsil crypt swab 

samples (Shannon p-values < 0.01; Simpson p-values < 0.05).  

 

2.4.3 No microbial variation between right and left tonsil crypt swabs 
 

Crypt swabs taken from the right and left tonsils were compared. At phylum level, the tonsil 

swabs from both sides were dominated by Fusobacteria (Fusobacterium), Proteobacteria 

(Haemophilus, and Neisseria), Bacteroidetes (Porphyromonas), and Firmicutes 

(Streptococcus). Considerable variability in bacterial community composition between 

subjects was observed at phylum and genus levels (Figure 4). ANOVA tests were performed 

to compare the 20 most abundant genera in the left tonsil crypts versus the right. There was 

no statistically significant difference in the relative abundance of any of these genera between 

sides. The Shannon-Wiener (p=0.28) and Inverse-Simpson (p=0.57) diversity indices did not 

differ significantly between the microbial communities of the left and right tonsils.  
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Figure 4. Bacterial community composition of the tonsils of 24 patients with adenotonsillar 

disease at phylum level (A) and genus level (B). The dominant phyla and genus within the 

samples are shown. Swab samples from the right and left tonsil crypts of each patient are 

shown alongside each other. SL = swab left; SR = swab right. 

 

2.5 Discussion 
 

Histological studies suggest that the location of bacterial species differs depending upon the 

anatomical site in the adenotonsillar tissues (Stępińska et al., 2014; Swidsinski et al., 2007). 

However, previously published molecular-based studies of the adenotonsillar microbiota 

have not investigated the differences that may exist between various sampling sites, such as 

at the surface, in adenotonsillar crypts, and in the epithelial and sub-epithelial tissue (Jensen 

et al., 2013; Liu, Cosetti, Aziz, Buchhagen, Contente-Cuomo, Price, Keim, & Lalwani, 

2011a; Ren et al., 2013; Segata et al., 2012). This is important, as a great deal of treatment in 
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the community is based upon data from culture studies, where a tonsil or adenoid surface 

swab is usually obtained. This study aimed to determine whether a difference in the 

microbiota exists based on the sampling location and sampling method in adenoid and tonsil 

tissue.  

Our findings suggest that when an adenoid surface mucosal swab is compared with a tissue 

sample, there is no significant difference in the relative abundance or diversity of the 

microbial community. Accordingly, it may be sufficient to use an adenoid surface swab to 

assess the adenoid microbiome as a whole. Importantly, this validates the results of previous 

studies in which adenoid surface swabs where used to determine the adenoid microbiome 

(Ren et al., 2013).  

The most abundant bacterial genera in both sites of the adenoid were Haemophilus, 

Fusobacterium, Streptococcus, and Moraxella, and this is consistent with previous culture-

based studies (Brook, Shah, & Jackson, 2000; Fekete-Szabo, Berenyi, Gabriella, Urban, & 

Nagy, 2010; Khoramrooz et al., 2012). Staphylococcus and Pseudomonas have been found to 

predominate in culture-based studies of the adenoids (Brook, 1981; Brook et al., 2000; 

Dirain, Silva, Collins, & Antonelli, 2017).  However, in this cohort, these taxa were not 

among the 20 most abundant bacterial genera, which highlights the greater depth afforded by 

modern culture-independent methodologies and the limitations of relying solely on culture in 

guiding treatment options.  

Palatine tonsils differ from the adenoid not only in location but also in size and structure. 

Although the adenoid also has crypts, these tend to be shallower. The adenoid forms a 

midline pad in the nasopharynx, whereas the palatine tonsils are ovoid, bilateral and are 

located within the oropharynx. Given that palatine tonsils are easily retrieved, and large tissue 

specimens can be obtained, more sampling locations can be analysed. The patients in our 
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cohort had both tonsils removed, and crypt swabs were compared with surface mucosal tissue 

and core tissue samples. Much of the literature that exists on tonsil disease is based upon a 

tonsil surface swab in patients who have chronic tonsillar infection (Al-Mazrou & Al-

Khattaf, 2008; Brook, 1981; Brook et al., 2000; Brook & Shah, 2001; Lin et al., 2012; Nistico 

et al., 2011). However, histological studies show that bacterial microcolonies exist deep 

within the crypts of the tonsil (Al-Mazrou & Al-Khattaf, 2008; Chole & Faddis, 2003; 

Swidsinski et al., 2007).  

Within the tonsil crypts, there was a notable absence of large quantities of Actinomyces, 

which has long been associated with tonsillar hyperplasia (Kutluhan et al., 2011; Ozgursoy et 

al., 2008). Actinomyces was regarded as the pathogenic bacterial genus most widely found as 

micro-colonies in the crypts of diseased tonsils (Ashraf, Azarpira, Khademi, Hashemi, & 

Shishegar, 2011; Kutluhan et al., 2011; Melgarejo Moreno et al., 2006; Ozgursoy et al., 2008; 

van Lierop, Prescott, & Sinclair-Smith, 2007). In our cohort, Actinomyces were present; 

however, this genus was not one of the 20 most abundant bacterial genera present in both 

tonsil crypt swabs and tissue samples. This raises the possibility that previous findings 

identifying Actinomyces as a pathogenic bacterial genus might reflect limitations of prior 

methodology to identify the full complexity of the associated microbiota. A better 

understanding of the spatial distribution of bacteria within the adenotonsillar tissue using 

fluorescent in situ hybridisation (FISH) would provide critical information into how these 

species are interacting with each other and with the host (Johnston & Douglas, 2018b; 

Swidsinski et al., 2007). Furthermore, species-level detection and absolute abundance 

through qPCR will likely provide insight into how obstructive sleep apnoea differs from 

recurrent infection. 

Importantly, this study identified that the palatine tonsil microbiota differed in both 
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composition and diversity when crypt swab samples were compared to tissue samples. Most 

previous studies of tonsil hyperplasia were based on surface swabs (Gaffney, Timon, 

Freeman, Walsh, & Cafferkey, 1993; Haq, Ayub, & Ahmed, 2017; Kocatürk et al., 2003; 

López González, Torronteras Santiago, Mata Maderuelo, & Delgado Moreno, 1998; 

Stępińska et al., 2014). In this study, taxa summary plots and beta-diversity analyses 

(including nMDS, beta-dispersion, and adonis) suggested that bacterial communities were, on 

average, mostly comparable in tonsil crypt swab, surface tissue, and core tissue samples. 

However, bacterial communities observed in crypt swabs had significantly higher community 

diversity that those of tissue samples and several taxa were significantly different in swab 

samples compared to tissue samples, including Streptococcus, Actinobacillus, Neisseria, and 

Alloprevotella. It is possible that the different microenvironments maybe driving the bacterial 

community structure. These differences did not exist when the crypt swab samples from the 

right side were compared with the left. This raises the possibility that the tonsil crypt swabs 

may reflect the broader oral microbiome, given that the oral cavity connects the two tonsils 

anatomically. It is not possible based on these data to determine which, if any, bacterial 

genera cause adenotonsillar hyperplasia. However, understanding that bacterial community 

composition varies throughout tonsil tissue will enable more targeted approaches to ongoing 

research in this area. 

There are several limitations in this study. Culturing was not performed in this study to 

complement 16S rRNA sequencing data. However, our findings were compared with other 

large culture-based studies of adenotonsillar swabs and tissue (Al-Mazrou & Al-Khattaf, 

2008; Brook, 1981; Brook et al., 2000; Brook & Shah, 2001; Fekete-Szabo et al., 2010; 

Khoramrooz et al., 2012). We acknowledge that shotgun whole genome sequencing (WGS) 

has multiple advantages compared with the 16S amplicon method including enhanced 

detection of bacterial species, increased detection of diversity and increased prediction of 
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genes (Ranjan, Rani, Metwally, McGee, & Perkins, 2016). While metagenomics would 

indeed provide a greater abundance of functional data, the main aim of this study was to 

compare bacterial diversity and composition across sampling sites and sampling collection 

methods using a cost-effective approach. Currently, metagenomics approaches can be an 

order of magnitude more expensive per sample, making such studies on cohorts of this size 

significantly more difficult and generally unfeasible at this stage. By comparison, the Ranjan 

et al. study cited above was conducted based on a single sample (Ranjan et al., 2016). Future 

studies, investigating the functional capabilities of the bacterial communities at different 

locations on the adenotonsillar tissue should use metagenomics technologies. While 16S 

rRNA gene sequencing is a powerful tool to investigate the bacterial diversity and 

composition of samples, it would be advantageous to use this in parallel with other 

technologies (such as culture-based and WGS) to gain further insights in the pathogenic 

nature of the bacteria present and their functional capabilities.  

 

2.6 Conclusion 
 

Our results indicate that there is variation in bacterial diversity and composition based on 

sampling sites in the tonsils but not the adenoids. Sampling tonsils with swabs reveals a 

different microbiota concerning alpha diversity and composition than sampling with biopsies. 

The difference in microbiota between the surface and the tissue in tonsils may have 

implications for our understanding of the pathogenesis of recurrent tonsillitis and sleep-

disordered breathing in children. 
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CHAPTER 3. CLINICAL CHARACTERISTICS OF 
OBSTRUCTIVE SLEEP APNOEA VERSUS INFECTIOUS 
ADENOTONSILLAR HYPERPLASIA IN CHILDREN  
 

3.1 Abstract 
 

3.1.1 Background 
 

Children who undergo adenotonsillectomy have a range of symptoms. Some present with 

infective symptoms, others with obstructive symptoms, and many with a combination of 

both. The most common surgical indication has changed over the past several decades from 

infective symptoms to obstructive symptoms. However, there are few data available to 

differentiate these groups of children regarding their clinical characteristics. This study aimed 

to determine the clinical characteristics of children with obstructive sleep apnoea versus 

infectious adenotonsillar hyperplasia.  

 
3.1.2 Methods 
 

Data were obtained from the medical records of two district health boards in Auckland, New 

Zealand. Extraction of clinical information was performed following the identification of all 

patients under the age of 16 years undergoing adenotonsillectomy between December 2015 

and December 2017. 

 

3.1.3 Results 
 

A total of 1538 children were included in this study. There were 112 (7.3%) with recurrent 

tonsillitis (RT) symptoms only, 624 (40.6%) with RT and sleep-disordered breathing 
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symptoms (SDB), and 802 (52.1%) with symptoms suggestive of obstructive sleep apnoea 

(OSA). Children with OSA were more likely to be male (p < 0.001), younger (p < 0.001), and 

have lower body mass indexes at time of surgery (p < 0.001). There was no difference 

between groups in the number of antibiotic courses prescribed in the year before surgery 

(p=0.7). There was no significant difference in tonsil or adenoid grade between groups 

(p=0.2). Children with OSA were more likely to have a diagnosis of asthma (p < 0.001) and 

allergic rhinitis (p < 0.001), but less likely than those with RT to have a diagnosis of eczema 

(p < 0.001). Children with OSA were more likely to have otitis media with effusion requiring 

ventilation tube insertion (p < 0.001) and a documented history of speech delay (p < 0.001). 

Thirty-day readmission rates were higher in the OSA (8.5%) and SDB/RT (9.3%) groups 

when compared to those with RT (1.8%) (p=0.03). 

 

3.1.4 Conclusions 
 

Children with OSA have different perioperative characteristics than those with recurrent 

tonsillitis, including increased risk of postoperative bleeding and need for post-op 

readmission.  Therefore, management strategy may vary according to the indications for 

tonsillectomy and adenoidectomy. 

 

3.2 Introduction 
 

Adenotonsillectomy is one of the most commonly performed operations in the paediatric 

population worldwide (Johnston, Kinzett-Carran, Mahadevan, & Douglas, 2018c; Ramos, 

Mukerji, & Pine, 2013). Children usually undergo this operation as a consequence of 

adenotonsillar hyperplasia (ATH) (Johnston, Kinzett-Carran, Mahadevan, & Douglas, 2018c; 
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Ramos et al., 2013). ATH can cause a broad spectrum of symptoms. At one end of the 

spectrum, there are children with ATH who complain of infective symptoms such as fever, 

pain, lymphadenopathy, and halitosis. At the other end are children who have obstructive 

sleep apnoea and associated symptoms such as fatigue and daytime sleepiness. Between these 

two poles there are children with a combination of both infective and sleep-disordered 

breathing symptoms (Kavanagh & Beckford, 1988; Nafiu et al., 2009; Waters & Cheng, 

2009).  

Given the different presenting symptoms it is likely that the underlying pathogenesis driving 

ATH differs, however, there are no studies that definitively explain this difference. It could 

be argued that this distinction is of limited clinical relevance given the cure in the form of an 

adenotonsillectomy is the same regardless of the underlying aetiology. However, many 

children undergo years of medical treatment usually consisting of multiple courses of 

antibiotics before surgery (Burton, Glasziou, Chong, & Venekamp, 2014). This treatment 

may be ineffective and potentially harmful if pathogenic bacteria are not the cause of ATH. 

In many cases, clinical criteria must be met to receive a state or insurance funded 

adenotonsillectomy (C. M. Douglas, Lang, Whitmer, Wilson, & Mackenzie, 2017). Many of 

these criteria are still focused on the number of episodes of acute tonsillitis even although 

OSA related ATH is now a more common indication for surgery than infection (Borgström, 

Nerfeldt, Friberg, Sunnergren, & Stalfors, 2017; Parker & Walner, 2011; Ramos et al., 2013). 

As a result, many children will not meet the criteria for surgery and others will be given 

multiple courses of antibiotic therapy. Suboptimal treatment will result in a significant 

amount of morbidity with much time off school or work (Akgun, Seymour, Qayyum, Crystal, 

& Frosh, 2009).  

This retrospective case series aimed to describe the clinical characteristics, microbiological 

and laboratory findings, therapeutic interventions and clinical outcomes of children under the 
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age of 16 years who underwent adenotonsillectomy in the Auckland region between 

December 2015 and December 2017. 

 

3.3 Methods 
 

Data were obtained from Auckland District Health Board (ADHB) and Counties Manukau 

District Health Board (CMDHB) following national ethics committee approval. Extraction of 

all clinical information was performed following the prospective identification of all patients 

under the age of 16 years undergoing adenotonsillectomy between December 2015 and 

December 2017. The following demographic data were collected: age, sex, BMI, and 

ethnicity. Clinical data collection included the indication for surgery, tonsil and adenoid 

grades, the presence of nasal symptoms, the presence of ear disease, medical comorbidities, 

antibiotics prescribed in the community before an operation, and throat swab before 

admission. All medications prescribed upon discharge were reviewed and noted. Outcome 

data included post-operative visits to the general practitioner (GP), 30-day readmission rate, 

and associated complications. Tonsil grade was determined using the Brodsky grading scale, 

in which the tonsils are assigned a grade from 1 to 4. This is dependent on the percentage of 

oropharyngeal airway occupied by the tonsils. Grade 1 £ 25%, grade 2 = 26-50%, grade 3 = 

51-75%, and grade 4 >75% (L. Brodsky, 1989b). The Clemens and McMurray adenoid 

grading system was used. Grade 1 has adenoid tissue filling 1/3 the vertical height of the 

choana; Grade 2 up to 2/3; Grade 3 from 2/3 to nearly all but not complete filling of the 

choana and Grade 4 with complete choanal obstruction (Clemens, McMurray, & Willging, 

1998).  

The indication for surgery was based on clinical symptoms as determined by the examining 

physician before surgery. Children were classified into one of three groups based on clinical 
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symptoms alone. The first group consisted of children with SDB symptoms only who were 

classified into the OSA group. At our institution, it is not routine to perform 

polysomnography (PSG) before adenotonsillectomy in suspected OSA. Therefore, in this 

study children were classified into the OSA group based on clinical history and examination 

findings as completed by a paediatric otolaryngologist. All children in the OSA group had 

symptoms of snoring with pauses and arousals. The second group included children with a 

combination of SDB and RT. All children with both infective and SDB symptoms were 

included in this group regardless of the number of episodes of tonsillitis, or the severity of 

SDB symptoms. The third group was comprised of children with infective symptoms only. 

Patient demographics and clinical characteristics were summarised using descriptive 

statistics. Univariate analysis was used to assess potential factors that were associated with 

differences in patients with sleep-disordered breathing symptoms versus those with infective 

symptoms versus those with a combination of both. Chi-square tests were performed to 

assess categorical variables, and the ANOVA test was conducted to evaluate continuous 

variables. A two-tailed p-value < 0.05 was regarded as statistically significant. IBMÒ SPSSÒ 

version 24 software was used to perform all statistical analyses.  

 

3.4 Results 
 

A total of 1538 children under the age of 16 years who underwent adenotonsillectomy 

between December 2015 and December 2017 were included in this study. There were 112 

(7.3%) with recurrent tonsillitis, 624 (40.6%) with recurrent tonsillitis and sleep-disordered 

breathing symptoms, and 802 (52.1%) with OSA (p<0.001). Demographic and clinical 

characteristics are summarised in Table 1.  
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Table 1. Demographic and pre-operative prescription data for children who underwent 

adenotonsillectomy: OSA versus SDB and RT versus RT. 

 OSA (n=802) SDB and RT 

(n=624) 

RT (n=112) p-value 

Gender     

Male 68.3% 45.5% 37.5% p<0.001 

Female 31.7% 54.5% 62.5% p<0.001 

Mean age (years) 6.4 ± 0.2 7.3 ± 0.2 8.8 ± 0.7 p<0.001 

Mean Body Mass Index 18.5 ± 0.3  20.0 ± 0.4  21.9 ± 1.1  p<0.001 

     

Courses of antibiotics in 

the year before surgery 

3.4 ± 0.1 3.4 ± 0.1 3.3 ± 0.2 p=0.672 

Analgesia prescribed by 

a general practitioner in 

the year before surgery 

85.8% 75.6% 71.4% p<0.001 

Prednisone prescribed by 

a general practitioner in 

the year before surgery 

24.4% 11.2% 1.8% p<0.001 

†OSA = Obstructive sleep apnea, SDB = Sleep-disordered breathing, RT = Recurrent 

tonsillitis. 
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Tonsil and adenoid grade were calculated using the Brodsky and Clemens and McMurray 

grading systems respectively (L. Brodsky, 1989b; Clemens et al., 1998). There was no 

significant difference in tonsil grade between groups (OSA 3.1 ± 0.1, SDB/RT 3.1 ± 0.1, and 

RT 2.9 ± 0.1; p=0.2).  There was also no significant difference in adenoid grade between 

groups (OSA 2.6 ± 0.1, SDB/RT 2.5 ± 0.1, and RT 2.6 ± 0.2; p=0.2).  Significant differences 

were noted in the presence of medical comorbidities. Children with OSA were more likely to 

have a diagnosis of asthma (33.2% OSA, compared with 22.8% SDB/RT, and 25% RT; 

p<0.001), and allergic rhinitis (56.1% OSA, compared with 47.4% SDB/RT, and 41.1% RT; 

p<0.001). On the other hand, children with RT were more likely to have a diagnosis of 

eczema (55.4% RT, compared with 24.4% SDB/RT, and 33.9% OSA; p<0.001). There was 

no statistically significant difference in the incidence of gastroesophageal reflux disease 

(GORD) in this cohort (7.7% OSA, compared with 8.0% SDB/RT, and 7.1% RT; p=0.9).  

Children with OSA were more likely to have associated otitis media with effusion requiring 

ventilation tube insertion at the time of surgery (30.9% OSA, compared with 22.4% SDB/RT, 

and 4.2% RT; p<0.001). Children with OSA were also more likely to have a documented 

history of speech delay (21.9% OSA, compared with 11.2% SDB/RT, and 16.1% RT; 

p<0.001). 

A throat swab for Group-A Streptococcus (GAS) was performed in 94.6% of children with 

RT, 80.8% with SDB/RT, and 72.1% with OSA in the year preceding surgery (p<0.001). 

These swab results were positive for GAS in 48.2% of children with RT, 41.3% with 

SDB/RT, and 29.2% with OSA in the year preceding surgery (p<0.001). 

Children with RT were more likely to be prescribed antibiotics at the time of discharge 

(69.6% RT, compared with 57.7% SDB/RT, and 48.6% OSA; p<0.001). Children with RT 

were more likely to be prescribed paracetamol (100% RT, compared with 99.4% SDB/RT, 
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and 95.5% OSA; p<0.001). No significant difference was observed in ibuprofen prescription 

(66.1% RT, compared with 56.7% SDB/RT, and 61.1% OSA; p=0.09), or tramadol 

prescription (80.4% RT, compared with 74% SDB/RT, and 74.6% OSA; p=0.359). 

30-day readmission rates were higher in children with OSA (8.5%) and SDB/RT (9.3%) 

when compared to those with RT (1.8%) (p=0.029). Less than 1% of children had more than 

one readmission to hospital, and they all belonged to the OSA cohort. In regard to the 

complications requiring hospital readmission, secondary haemorrhage was more likely in 

children with SDB/RT (7.4% SDB/RT, compared with 4.5% OSA, and 1.8% RT; p=0.01).  

Community prescribing information suggested that children with RT were more likely to see 

their GP and be prescribed antibiotics following surgery for a presumed infection (33.9% RT, 

compared with 27.6% SDB/RT, and 22.2% OSA; p=0.006). Children with RT were also 

more likely to present to their GP with post-operative pain and require a prescription for 

additional analgesia (32.1% RT, compared with 24.7% SDB/RT, and 14.2% OSA; p<0.001). 

 

3.5 Discussion 
 

This cohort of children reflects the changing indication for adenotonsillectomy that has been 

observed worldwide (Borgström et al., 2017; Gerhardsson et al., 2016; Hallenstål et al., 2017; 

Parker & Walner, 2011). More children underwent adenotonsillectomy for the indication of 

OSA than those with RT and SDB/RT combined, emphasizing the importance of determining 

the difference in clinical characteristics that exist between these groups of patients. 

There were more males in the OSA group and more females in the RT group. These findings 

are reflective of an extensive national population-based study out of Sweden (Borgström et 

al., 2017). This group observed a peak in incidence rates of tonsil surgery during the pre-
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school years, which is the age that the prevalence of OSA/SDB is highest (Ward & Marcus, 

1996). They observed this peak to be higher in boys than girls and commented that this was 

likely given childhood OSA/SDB is more common in boys (Lumeng & Chervin, 2008). It 

was also observed that another peak occurred in teenage girls with RT (Borgström et al., 

2017). These findings are supported by several publications and may indicate that RT is more 

common in females and OSA more common in males. However, the reasons for this are not 

understood (Borgström et al., 2017; Boss, Marsteller, & Simon, 2012; Erickson, Larson, St 

Sauver, Meverden, & Orvidas, 2009; Hallenstål et al., 2017). Children in the RT group were 

older than those with OSA, and this finding is supported by other studies (Borgström et al., 

2017; Hallenstål et al., 2017).   

Childhood obesity has often been associated with OSA (Daar et al., 2016). However, in this 

cohort, the opposite was observed. Children with OSA had a lower mean BMI when 

compared with those who had RT. Both patient groups had higher mean BMIs when 

compared to the general paediatric population of New Zealand (Cole, Bellizzi, Flegal, & 

Dietz, 2000; J. S. Duncan, Schofield, & Duncan, 2006). Given that these children have 

received multiple courses of antibiotics in their lifetime, it is possible that this increased BMI 

is secondary to the altered gut microbiome (S. H. Rasmussen et al., 2018). Interestingly 

children with OSA were more likely to be prescribed analgesia in the year preceding surgery. 

This is despite not having any infective symptoms. Based on the information available, the 

reason for this cannot be determined. Yet this has not previously been described and warrants 

further investigation.  

No difference in the number of courses of antibiotics in the year preceding surgery was 

observed between groups, a concerning finding given that children with OSA did not have 

any documented signs or symptoms of infection. This implies that children are receiving 
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antibiotic therapy in the community on the basis of tonsillar hyperplasia, rather than 

symptomatology and understanding of the underlying pathophysiology of the disease.  

Although the exact indication for antibiotic prescription in the community was not known, 

only antibiotics that were likely to have been prescribed for adenotonsillar associated disease 

were included. This was determined by the type of antibiotic prescribed, additional 

medications prescribed at the time, and knowledge of coexisting medical conditions obtained 

from medical records. Outpatient clinic letters were reviewed to determine if the child had 

been unwell with any other illness requiring antibiotics in the year prior to surgery. This 

approach was also taken when recording prescriptions for analgesia and prednisone. It was 

observed that more analgesia prescriptions were filled in the OSA group when compared with 

the RT and RT/SDB groups. This was unexpected given that OSA related ATH is not usually 

reported as a disease associated with pain (Dr Ramon Arturo Franco, Rosenfeld, & Rao, 

2000). More prednisone was prescribed to children in the OSA group. This was likely to 

reduce the burden of obstructive symptoms in these patients. However, no published studies 

provide evidence to support this practice in children with ATH (Volk, Martin, Brodsky, 

Stanievich, & Ballou, 2016).  

Atopy is commonly associated with OSA (Evcimik, Dogru, Cirik, & Nepesov, 2015; Olusesi, 

Undie, & Amodu, 2013). In this cohort children with OSA were more likely to have a 

diagnosis of asthma and allergic rhinitis. However, children with RT were more likely to 

have a diagnosis of eczema. This was unexpected as it was assumed that the OSA group 

would have higher rates of all diagnoses associated with atopy (Evcimik et al., 2015; Olusesi 

et al., 2013). In regards to the incidence of GORD, there was no observed difference between 

groups. The rates of GORD observed in this cohort were similar to that expected in the 

general paediatric population (Martigne et al., 2012). This is despite the fact that H. pylori are 

thought to be implicated in and a potential driver of ATH secondary to GORD (Kaymakçı et 
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al., 2014; Kraus et al., 2014).  

It was observed that children in the OSA group were more likely to have associated OME. 

There are several theories as to how adenoid hyperplasia may be associated with OME. 

Obstruction of the eustachian tube orifice by the enlarged adenoid tissue is thought to create 

negative pressure in the middle ear cleft and resultant OME (Bluestone, 1996a). Another 

theory is that pathogenic bacteria reside in the adenoid tissue and migrate through the 

eustachian tube into the middle ear and cause OME (Nistico et al., 2011). This is known as 

the pathogen reservoir hypothesis. However, neither of these theories are supported by this 

cohort given that the OSA group did not have larger adenoids, nor did they have infective 

symptoms. Children with OSA in this cohort were more likely to have a documented speech 

delay. This is likely associated with their higher rates of OME. A higher proportion of Group 

A Streptococcus (GAS) positive swabs was observed in the RT group, which implies that 

GAS may be a pathogenic bacterium involved in RT, as has been reported previously 

(Roberts et al., 2012).   

Upon discharge from hospital patients in the RT group were more likely to be prescribed 

antibiotics. This likely reflects that these patients presented with infective symptoms. But 

may also be that the tonsils in this group appeared more infected at the time of surgery. 

However, this information was not collected in this study. Despite receiving more antibiotics 

at the time of discharge, children in the RT group were more likely to visit their primary care 

physician two weeks following surgery and be prescribed another course of antibiotics. A  

Cochrane review suggests there is no evidence to support antibiotics in reducing morbidity 

following tonsillectomy (Dhiwakar, Clement, Supriya, & McKerrow, 2010).  

Post-operative haemorrhage is the most common and morbid complication associated with 

tonsillectomy (Galindo Torres, De Miguel García, & Whyte Orozco, 2018). Readmissions for 
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haemorrhage have increased by a factor of five in Sweden from 1987 to 2013 (Østvoll, 

Sunnergren, & Stalfors, 2018). However, the reasons for this are currently unknown (Østvoll 

et al., 2018). Secondary haemorrhage rates were higher in children with the indication of 

SDB/RT in this cohort. Other studies have not identified a difference in haemorrhage rate 

between patients with RT and OSA (Elinder, Söderman, Stalfors, & Knutsson, 2016; Galindo 

Torres et al., 2018). However, they did not include patients who had a combination of 

symptoms in their analysis. Our observations suggest but do not prove, that as more 

tonsillectomies are performed for obstructive symptoms, post-tonsillectomy hemorrhage rates 

are increasing.  

One of the major limitations of this study is how children were allocated to the three groups. 

All grouping was based on the indication for surgery, and this was determined based on 

clinical symptoms as reported by the child and their legal guardian. We do not routinely 

perform PSG prior to surgery to diagnose OSA. As a result, there were almost certainly 

children in this cohort allocated to the OSA group without a diagnosis of OSA based on PSG. 

However, this study aimed to compare children with infective symptoms with those with 

SDB symptoms, to those with a combination of both. The severity of patient symptoms in 

each group was less important. If we were to perform PSG on all children prior to 

adenotonsillectomy, we could have classified children into four groups. This would have 

been achieved by dividing the OSA group into an SDB group and an OSA group. This would 

be a very worthwhile undertaking by an institution who performs PSG on all children with 

SDB symptoms prior to adenotonsillectomy. Another limitation of this study is that we do not 

have access to long term follow up data in this cohort. As a result, we do not know the 

proportion of children who went on to have PSG. Nasal steroid spray usage data was not 

collected given that these are readily available over the counter and so community 

prescribing data would likely underestimate the amount used. 
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3.6 Conclusion 
 

There is an increasing number of children undergoing adenotonsillectomy for obstructive 

symptoms so that these children now outnumber those with infective symptoms. This study 

has identified numerous clinical characteristics that differ depending upon the indication for 

surgery. However, it seems there is little difference in how these children are being managed 

before surgery, particularly in regards to antibiotic prescriptions. These results support 

managing children with ATH based on associated symptoms.  
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CHAPTER 4. THE BACTERIAL COMMUNITY AND LOCAL 
LYMPHOCYTE RESPONSE ARE MARKEDLY DIFFERENT IN 
PATIENTS WITH RECURRENT TONSILLITIS COMPARED TO 
OBSTRUCTIVE SLEEP APNOEA 
 

4.1 Abstract 
 

4.1.1 Background 
 

Obstructive sleep apnoea (OSA) is now a more common indication for tonsillectomy than 

recurrent tonsillitis (RT) (Borgström et al., 2017; Parker & Walner, 2011). Few studies have 

addressed possible differences in pathogenesis between these two conditions. Children with 

RT and OSA are often being treated in the community with multiple courses of antibiotics 

before surgery. Current understanding of the role of bacteria in disorders of the tonsils is 

mainly based on the culture of tonsil swabs. Swab cultures reflect only a very small fraction 

of the bacteria present on the mucosal surface and may not represent the bacterial 

communities within the tonsil crypts (Munson, Pitt-Ford, Chong, Weightman, & Wade, 2016; 

Woo, Lau, Teng, Tse, & Yuen, 2008). This study aimed to evaluate the local lymphocyte 

response and associations with bacterial community composition using molecular techniques 

of the tonsils removed from children for RT or OSA. 

 

4.1.2 Methods 
 

The palatine tonsils were removed by extracapsular dissection from 24 patients with age 

range one to ten years, 14 of whom had RT, and 10 had OSA. The fixed tonsil tissues were 

evaluated for bacteria by Gram-staining and presence of connective tissue by safranin 
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staining. B lymphocytes and T lymphocytes were also measured immunohistochemically. 

Finally, previously published bacterial community data for this cohort were reassessed for 

associations with RT and OSA, and with the observed lymphocyte patterns.  

 

4.1.3 Results 
 

In tonsils from patients with RT, large micro-colonies of bacteria were observed in the tonsil 

crypts, and a large number of B and T lymphocytes were noted immediately adjacent to the 

tonsil crypt itself. In marked contrast, the tonsils from patients with OSA had no bacteria 

identified, and no significant skewing of lymphocytes based on site (such as follicles or 

crypts). We observed that the majority of lymphocytes surrounding the bacterial micro-

colonies were B lymphocytes with a mean ratio of 109:55 (B lymphocytes: T lymphocytes). 

Bacterial community diversity was not different between the two cohorts; however, there 

were significant differences in bacterial community composition. Children with RT had a 

higher relative abundance of members from the genera Parvimonas, Prevotella, and 

Treponema. While children with OSA had a higher relative abundance of Haemophilus, and 

Capnocytophaga. 

 

4.1.4 Conclusions 
 

These results demonstrate significant differences in the local lymphocyte response and 

bacterial community composition in tonsil tissue between RT and OSA patients. It suggests 

that the response to antibiotics used in the treatment of these two conditions may be different. 

Furthermore, the presence of lymphocytes in RT within the tonsil crypt outside the tonsil 

epithelium is a unique observation of the location of these cells. 
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4.2 Introduction 
 

Before the introduction of antibiotics in the 1950s tonsillectomy for recurrent tonsillitis (RT) 

was one of the most commonly performed operations worldwide (Brambilla et al., 2014; 

Paradise & Bluestone, 1976; Ramos et al., 2013). There was a subsequent decrease in the 

number of tonsillectomies being performed (Borgström et al., 2017; Parker & Walner, 2011) 

until the  1970’s when the first cases of obstructive sleep apnoea (OSA) were identified in 

children (Guilleminault, Eldridge, Simmons, & Dement, 1976). Following this observation 

tonsillectomy rates have been rising, with a doubling of the rate being reported in Sweden 

over the last several decades (Borgström et al., 2017). Adenotonsillar hyperplasia (ATH) 

resulting in upper airway obstruction and OSA is now the most common indication for 

tonsillectomy in children (Borgström et al., 2017; Gysin, 2013). 

There is currently no consensus about the underlying aetiology of OSA related ATH. It has 

been observed that T lymphocytes are more highly proliferative in the tonsils of children with 

OSA when compared with RT and this is said to promote ATH (J. Kim et al., 2009; Serpero 

et al., 2009). It has also been observed that upregulation of cysteinyl leukotrienes, an 

inflammatory lipid mediator, may promote ATH in children with OSA (Goldbart, Krishna, 

Li, Serpero, & Gozal, 2006; Kaditis et al., 2009; Tsaoussoglou et al., 2014; 2012).  These 

findings do not suggest an underlying pathology, or why this condition may be more 

prevalent than it once was. 

While there is an established link between pathogenic bacteria and infective ATH, very little 

is known about the role of microbes in the pathogenesis of OSA related ATH. It has been 

suggested that early exposure to the respiratory syncytial virus (RSV) may increase AT 

proliferation through up-regulation of nerve growth factor (NGF)-neurokinin 1 (NK1) 

receptor-dependent pathways (Goldbart et al., 2007). This theory has not been definitively 
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established. Another group has excluded Actinomycetes as a causative pathogen in OSA 

related ATH (van Lierop et al., 2007). Only one study thus far has compared the microbiome 

of tonsillar crypts between OSA and RT patients using molecular techniques (Jensen et al., 

2013). A complex microbiota consisting of between 42 and 110 taxa in both children and 

adults was found. A core microbiome of 12 abundant genera was present in all samples 

regardless of whether patients had OSA or RT (Jensen et al., 2013). Variation in microbial 

communities do not currently explain the differences in clinical presentation. 

In this study, we performed a histological analysis of the palatine tonsils surgically removed 

from participants with RT and OSA. Previously published bacterial microbiota data for this 

cohort collected at the same intra-operative time point were also re-examined for associations 

with RT and OSA and in light of the lymphocyte findings (Johnston et al., Under review 

IJPORL). The aim was to identify any demographic, clinical, histological, and microbial 

differences that may exist between these two groups of participants. 

 

4.3 Methods 
 

4.3.1 Participant Information 
 

Twenty-four participants undergoing tonsillectomy were recruited for this study. Recruited 

participants were under the age of 15 years and had taken no antibiotics for at least eight 

weeks before surgery. Ten of the participants had a surgical indication of OSA alone, and the 

remaining 14 participants had RT. Written consent was obtained from the legal guardian of 

each participant, and ethical approval from the New Zealand Health and Disability Ethics 

Committee (16/STH/53) was obtained for this study. 
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The following demographic data were collected: age, sex, BMI, and ethnicity. Clinical data 

included the indication for surgery, tonsil and adenoid grades (L. Brodsky, 1989a), the 

presence of ear disease, medical comorbidities, antibiotics prescribed in the community, and 

throat swab for culture before admission. Outcome data included postoperative visits to the 

general practitioner (GP), 30-day readmission rate, and associated complications. 

Participant demographics and clinical characteristics were summarised using descriptive 

statistics. Univariate analysis was used to assess potential factors that were associated with 

differences in participants with OSA versus those with RT. Chi-square tests were performed 

to assess categorical variables, and the Student’s T-test was conducted to evaluate continuous 

variables. A two-tailed p-value less than 0.05 was regarded as statistically significant. IBMÒ 

SPSSÒ version 24 software was used for all statistical analyses.  

 

4.3.2 Sample Collection and microbiome analyses 
 

Tonsillectomy was performed under general anaesthetic by a single paediatric ENT surgeon. 

Intravenous antibiotics were not administered at induction. Following induction, 

tonsillectomy was performed with either bipolar diathermy or coblation (Smith & Nephew, 

London, United Kingdom). The left and right tonsil were removed and placed immediately 

into separate sterile pots. These samples were stored on ice and taken to the laboratory within 

one hour. 

Pairs of sterile rayon-tipped swabs (Copan, #170KS01) were used to swab the crypts of the 

left palatine tonsil. Immediately after swabbing, the tip of each swab was removed aseptically 

and placed in a sterile 1.5 mL Eppendorf tube containing RNAlaterÒ. All tubes were labelled 

and stored at -20°C until further analysis.  
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Genomic DNA was extracted from paired swabs, PCR amplification of the V3-V4 region of 

the bacterial 16S rRNA gene was undertaken, and sequencing of the purified amplicons on 

the Illumina platform was performed, and raw sequences were processed using USEARCH, 

UCLUST and QIIME (Caporaso et al., 2010; Edgar, 2010; 2013; Edgar & Flyvbjerg, 2015), 

as previously described (Hoggard et al., 2017). 

 

4.3.3 Histological analysis 
 

Following swab collection, the left palatine tonsil from each patient was fixed in formalin and 

set in paraffin wax. Each palatine tonsil was sectioned in the coronal plane at 250 µm 

intervals, with five adjacent 5 µm thick sections being cut at each point. This resulted in 

approximately 150 sections per tonsil. Initially, a Gram stain was performed on each coronal 

section of the 24 tonsils, followed by a counterstain with safranin to identify Gram-negative 

bacteria. All sections were screened at x40 magnification on a Leica DMR upright 

microscope looking for the presence or absence of bacteria in each section. 

A subset of ten participants (five from the RT group and five from the OSA group) were 

selected at random, and tonsil sections from these patients were subject to further histological 

analysis. Each adjacent coronal section from these ten patients was subjected to heat-induced 

epitope retrieval (2100 retriever, PickCell Laboratories, Amsterdam, The Netherlands) in 

citrate buffer pH 6.0. A peroxidase block followed this for 5 min and a protein block for 5 

min. A CD3 rabbit polyclonal antibody (Cell Marque, Rocklin USA; 1:600) was then applied 

to each section for one hour. Sections were then covered in a Novalink polymer (Leica 

Biosystems Newcastle upon Tyne, UK) for 30 mins, followed by DAB staining for ten 

minutes. A CD20 antibody (clone L26, Leica Biosystems Newcastle upon Tyne, UK 1:200) 

was then applied for one hour, followed by post-primary block for 30 min, Novalink polymer 
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for 30 min, and then DAB with nickel ammonium sulphate. A Gram stain was then 

performed followed by a counterstain with safranin to identify Gram-negative bacteria.  

These processes resulted in CD3 (T lymphocytes) staining brown and CD20 (B lymphocytes) 

staining black. Connective tissue was seen as light pink and epithelium as grey (Figure 1). 

Adjacent sections were stained with hematoxylin and eosin to assess the cellular response. 

All sections were imaged with the Metasystems V-slide scanner which provided us with 

high-resolution images for digital analysis at 80x magnification. Image J software with a cell 

counting function was used to determine the ratio of T lymphocytes to B lymphocytes in 

tonsil crypt areas immediately adjacent to bacterial microcolonies. This was achieved by 

taking three still images at 100x magnification on a Leica DMR upright microscope of three 

separate microcolonies from each patient with recurrent tonsillitis and comparing the ratio of 

brown T lymphocytes from the black B lymphocytes. The size of each image was 

standardised at 2560 x 1920 pixels (2.15 micrometres/pixel). 
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Figure 1. Single histological section in coronal view of a human palatine tonsil. Lymphoid 

follicles (brown), epithelium (grey), connective tissue (pink).  

4.4 Results 
 

4.4.1 Participant information 
 

A total of 24 children under the age of 15 years who underwent tonsillectomy between June 

2017 and December 2017 were included in this study. There were 14 (58%) with RT only 

and ten (42%) with OSA. Mean age of participants in the RT group was 5.1 ± 1.1 years and 

5.0 ± 1.8 years in the OSA group (p=0.94).  There were significantly more females in the RT 

group than in the OSA group (64.3% vs 20%, p=0.03). There was no difference in ethnic 

backgrounds or BMI of the participants between the two groups (p=0.22 and p=0.97, 

respectively). Tonsil and adenoid size were graded using the Brodsky grading system (L. 

Brodsky, 1989a). There was no significant difference in tonsil grade (RT 3.0 ± 0.3 and OSA 
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3.1 ± 0.5; p=0.708) or adenoid grade between groups (RT 2.4 ± 0.4 and OSA 2.7 ± 0.5; 

p=0.22).   

No significant differences were noted in the associated medical comorbidities. There was no 

difference between the groups in regard to a diagnosis of asthma (p=0.15), eczema (p=0.350), 

allergic rhinitis (p=0.48), and gastroesophageal reflux disease (GORD) (p=0.39) in this 

cohort. There was no difference in the presence of otitis media with effusion (OME) between 

groups at the time of surgery (p=0.14).  

Medications prescribed in the year preceding surgery were obtained through community 

prescribing data, which is available nationwide in New Zealand. No significant differences 

were noted in the number of courses of antibiotics prescribed between groups in the year 

before surgery (RT 3.5 ± 0.7 and OSA 2.9 ± 0.9; p=0.26).  This was also the case with 

analgesia (p=0.80) and prednisone (p=0.35).   

A throat swab for Group-A Streptococcus (GAS) was performed in 64.3% of participants 

with RT and 60% with OSA in the year preceding surgery. These swab results were positive 

for GAS in 42.9% of participants with RT and 20% with OSA in the year before surgery 

(p=0.24). A complication was defined as a related admission to hospital within 30 days of 

discharge. There was no difference in 30-day readmission rates between the two groups 

(p=0.61). 

 

4.4.2 Histological analyses 
 

In all participants with OSA, no bacteria were identified in the tonsils on any of the sections 

following the Gram stain. In contrast to this, all participants with RT had at least one 

bacterial microcolony present in at least one of the sections analysed. These bacterial 
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microcolonies were comprised of groups of Gram positive and Gram negative bacteria 

(Figure 2 and Figure 3). 

 

Figure 2. Gram positive bacteria (stained blue) and Gram-negative bacteria (stained pink) in a 

bacterial microcolony. B cells (black) and T cells (brown) are demonstrated adhering to the 

bacterial micro-colony in the tonsil crypt.  
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Figure 3. Demonstration of a bacterial micro-colony surrounded by B and T lymphocytes in 

the tonsil crypt of a patient with recurrent tonsillitis.  

 

In participants with OSA, the vast majority of lymphocytes were located within the follicles. 

In participants with RT, there were B and T lymphocytes within the reticular crypt epithelium 

adjacent to the bacterial microcolonies. Lymphocytes were also seen in large numbers in the 

tonsil crypt space surrounding the bacterial microcolonies (Figure 3). In areas where there 

were no bacterial microcolonies in the crypts adjacent to the follicles, the lymphocytes were 

confined to within the follicles. 

Image J cell counting software was used to determine the ratio of B to T lymphocytes 

immediately adjacent to bacterial microcolonies in five randomly selected patients with RT. 

B lymphocytes (stained black) and  T lymphocytes (stained brown) were counted in three 

separate x100 magnification images. The size of each image was standardised at 2560 x 1920 

pixels (2.15 micrometres/pixel). Two independent investigators performed counting (JJ and 

SWT), and a Pearson correlation test was performed. A positive correlation was found 

between the data sets of both investigators (P<0.001). We found that the overall mean 
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number of T lymphocytes was 55 +/- 10 cells/100x magnification image (95% CI) and the 

mean number of B lymphocytes was 109 +/- 15 cells/100x magnification image (95% CI). 

On hematoxylin and eosin stained sections, it was noted that around the areas of bacterial 

micro-colonies there were no neutrophils or eosinophils, despite there being an obvious local 

lymphocytic response. 

 

4.4.3 Microbiome analyses 
 

4.4.3.1 Sample site variation between RT and OSA tonsil crypt swabs 
 

Crypt swabs taken from the left tonsils of RT participants were compared with those from 

OSA participants in this cohort. At phylum level, the tonsil swabs from both groups were 

dominated by Fusobacteria, Proteobacteria (comprising mostly of members from the genera 

Haemophilus and Neisseria), Bacteroidetes (Porphyromonas), and Firmicutes 

(Streptococcus) (Table 1). Considerable variability in bacterial community composition 

between participants was observed at phylum and genus levels (Figure 4a and 4b). ANOVA 

tests were performed to compare the 20 most abundant genera across all samples in the RT 

group versus the OSA group. This revealed a higher relative abundance of Parvimonas 

(p=0.003), Prevotella (p=0.004), and Treponema (p=0.005) in the RT group when compared 

with the OSA group. While Haemophilus (p=0.02), and Capnocytophaga (p=0.04) had a 

higher relative abundance in the OSA group when compared with the RT group. The 

Shannon-Wiener (p=0.66) and Inverse-Simpson (p=0.52) diversity indices did not differ 

significantly between the microbial communities of the RT and OSA groups.  
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Figure 4a. Bacterial community composition of the tonsils of 24 patients with tonsillar 

hyperplasia at phylum level. The dominant phyla within the samples are shown. Swab 

samples from the left tonsil crypts of each patient are shown alongside each other. OSA = 

obstructive sleep apnoea; RT = recurrent tonsillitis. 
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Figure 4b. Bacterial community composition of the tonsils of 24 patients with tonsillar 

hyperplasia at genus level. The dominant genera within the samples are shown. Swab 

samples from the left tonsil crypts of each patient are shown alongside each other. OSA = 

obstructive sleep apnoea; RT = recurrent tonsillitis. 

 

4.5 Discussion 
 

At one end of the spectrum of tonsil disorders, children have infective symptoms such as 

pain, fever, and halitosis. At the other end of the spectrum children present with OSA and its 

associated symptoms such as daytime sleepiness and poor concentration. There are also a 

group of children in the middle of the spectrum who present with a combination of infective 

symptoms and sleep-disordered breathing symptoms. Tonsil hyperplasia causing OSA is now 

the most common indication for tonsillectomy (Borgström et al., 2017). It is assumed, given 

the difference in symptoms, that the pathogenesis leading to tonsil hyperplasia in these 
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children differs. However, the years of treatment that children often receive in the community 

before tonsillectomy does not necessarily differ (Radcliff et al., 2017; S. L. Smith & Pereira, 

2007). The result is that children with OSA usually get multiple courses of antibiotics despite 

not having any infective symptoms. Given that antibiotics have been shown to alter gut 

microbiome and be associated with many downstream adverse conditions (Guss et al., 2017; 

Lima-Ojeda, Rupprecht, & Baghai, 2017), it is important to define any pathophysiological 

differences between OSA and RT tonsillar hyperplasia.  

 

4.5.1 Histological analyses 
 

In this study, we performed a histological analysis of the tonsils from a group of children 

with infective symptoms only and a group with OSA but no infective symptoms. We hoped 

that by studying children at either end of the clinical spectrum that we would enhance the 

possibility of identifying any differences that may exist in the tissues between the two groups. 

In this cohort of children, we did observe some quite marked differences. Following a simple 

Gram stain, we noted bacterial microcolonies in the crypts of tonsils in children with RT. 

These were present in varying number in every patient in this group but were completely 

absent in the children with OSA. This observation suggests a difference in the underlying 

pathophysiology of these conditions. Microbial biofilms in the tonsil crypts have been 

identified on many occasions in previous literature and are thought to result in chronic tonsil 

infection and hyperplasia (Al-Mazrou & Al-Khattaf, 2008; Chole & Faddis, 2003; Diaz et al., 

2011; Drago et al., 2012). However, the absence of these bacterial microcolonies has not 

been noted in participants with OSA only. While this is just an observation in a small cohort 

of participants, it does suggest that there is a chronic infective process occurring in one group 

and not the other.   
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While observing bacterial microcolonies in the tonsil crypts of participants with RT, it was 

noted that lymphocytes appeared to be adherent to these microcolonies. It has been well 

described that the tonsil crypt epithelium is immunologically active with the presence, and 

sometimes predominance, of non-epithelial cells in the reticular epithelium (Brandtzaeg, 

2015; Zautner, 2012). B and T lymphocytes are often said to infiltrate the whole epithelial 

thickness (Brandtzaeg, 2015). It is likely that the interactions that occur between T and B 

lymphocytes in the reticular epithelium represent the first line of defense in the oropharynx 

(Brandtzaeg, 2015).  Also, the reticular epithelium is a site for abundant immunoglobulin 

leakage into the crypt (Brandtzaeg, 2015). We speculate that this leaky epithelium allows 

inflammatory cells into the crypt where they may interact with bacteria in the crypts. One 

group observed pre-dendritic cells but not lymphocytes within tonsillar crypts previously 

(Michea et al., 2013). Given that the findings from this study appeared to be a novel 

association between the host and bacterial microcolonies in the tonsil crypts, we further 

characterised these lymphocytes using immunohistochemistry. The findings from this study 

show that the majority of lymphocytes surrounding bacterial microcolonies were B 

lymphocytes.   

The findings from this study are significant as many groups who have identified bacteria in 

tonsil crypts previously have also observed inflammatory cells in the crypt (Brandtzaeg, 

2015; Mal, Oluwasanmi, & Mitchard, 2008). These cells have not previously been identified 

as lymphocytes. Lymphocytes are highly prevalent in tonsil tissue and are often transported 

in the blood as immune-regulating cells. However, to our knowledge lymphocytes have not 

previously been described leaving the epithelium and locating in a third space. Of note, 

lymphocytes were the only immune cells observed in this study to behave in this manner. 

Even though these children with RT have a chronic disease, it was unusual to not see any 

acute inflammatory cells on the hematoxylin and eosin stained sections given the large 
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number of bacteria observed in the tonsil crypts. This highlights the fact that tonsil tissue is 

unique in its immunological response to microorganisms.  

 

4.5.2 Microbiome analyses 
 

We investigated the tonsil crypt microbiome of participants with RT and OSA to see if we 

could observe any differences in bacterial community composition. Although there was no 

difference in bacterial community diversity between groups, there were significant 

differences in bacterial community composition. Participants with RT had a higher relative 

abundance of Parvimonas, Prevotella, and Treponema, while children with OSA had a higher 

relative abundance of Haemophilus, and Capnocytophaga. These findings are mostly 

consistent with Watanabe et al. who performed a comprehensive microbiome analysis of 

tonsillar crypts in three groups of patients which were IgA nephropathy, recurrent tonsillitis, 

and tonsillar hyperplasia (Watanabe et al., 2017). They also noted a lower relative abundance 

of Haemophilus in patients with RT compared with non-infective tonsillar hyperplasia 

(Watanabe et al., 2017). Treponema was observed in higher relative abundance in those with 

RT compared with non-infective tonsillar hyperplasia (Watanabe et al., 2017).  

Members from the genus Haemophilus have been proposed as pathogenic bacteria involved 

in both OSA and RT previously (L. Brodsky, Moore, & Stanievich, 1988a; François, Bingen, 

Soussi, & Narcy, 1992; Gul et al., 2007; Surow, Handler, Telian, Fleisher, & Baranak, 1989; 

van Staaij et al., 2003; Wang et al., 2017). In one study, Haemophilus was cultured more 

often in children with non-infective tonsillar hyperplasia from both surface and core sampling 

sites (Wang et al., 2017). However, the results of other studies vary with Haemophilus being 

observed more commonly in OSA related tonsil hyperplasia (L. Brodsky et al., 1988a; van 

Staaij et al., 2003), whereas others observed that Haemophilus was more common in RT 
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(François et al., 1992). Another study found that there was no difference in the presence of 

Haemophilus between children with RT and non-infective tonsillar hyperplasia (Surow et al., 

1989). These studies were all culture based, and Jensen et al., who performed a 16S rRNA 

gene sequencing study on the tonsil crypt microbiome found no difference in the relative 

abundance of Haemophilus between the two groups (Jensen et al., 2013). So there remains 

debate around whether Haemophilus is associated with OSA related tonsillar hyperplasia.  

Capnocytophaga species are recognised as part of the human oral microbiota and have 

repeatedly been recovered from many infectious diseases including keratitis, septicemia, 

abscesses, and osteomyelitis (Frandsen, Poulsen, Könönen, & Kilian, 2008). They are often 

associated with infections in immunocompromised children (Parenti & Snydman, 1985). 

Capnocytophaga infections have not been related to tonsillar hyperplasia, either in children 

with RT or OSA. Therefore, it is of interest that Capnocytophaga was more abundant in 

children with OSA than RT in our cohort.  

Prevotella and Parvimonas are considered common nasopharyngeal microbes and have been 

noted in a previous culture-independent study to dominate the tonsil microbiota (Tejesvi et 

al., 2016). Tejesvi et al. examined the tonsils of 31 children who underwent tonsillectomy 

due to Periodic fever, aphthous stomatitis, pharyngitis, and adenitis (PFAPA) and 24 children 

who underwent tonsillectomy for clinical suspicion of OSA (Tejesvi et al., 2016). They found 

that Cyanobacteria were more abundant in children with PFAPA when compared with OSA. 

They also noted that the genus Streptococcus was more abundant in OSA children. However, 

they found that the tonsil microbiota was dominated in both groups by Prevotella, 

Parvimonas, Tannerella, and Porphyromonas (Tejesvi et al., 2016). These findings were not 

consistent with our cohort whereby we noted a higher relative abundance of Prevotella and 

Parvimonas in children with RT compared with OSA. It is important to note that children 
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with PFAPA present clinical symptoms differently to children with RT and this may account 

for this difference.   

Treponema was observed in higher relative abundance in our cohort of participants with RT. 

This was an unexpected finding, as Treponema is not a bacterial genus usually associated 

with RT. Interestingly Treponema requires silver impregnation staining to be identified under 

the microscope and is often difficult to differentiate from similar appearing bacteria (R. 

Rubin, Strayer, & Rubin, 2008). One such bacterial genus, Actinomyces, also requires silver 

impregnation staining techniques and does not appear dissimilar from Treponema when 

bacteria is clumped as in a microcolony (R. Rubin et al., 2008). Actinomyces has been 

implicated in RT for several decades, yet only in culture-based studies (Kutluhan et al., 2011; 

Ozgursoy et al., 2008; van Lierop et al., 2007). In the microbial community of our cohort 

with RT, we observed that Actinomyces were not one of the 20 most abundant bacterial 

genera, but Treponema were. Therefore, it is possible that some of the bacteria present in the 

tonsil crypts of patients with RT may be Treponema as opposed to previously reported 

Actinomyces. Our data are supported by others who noted a high relative abundance of 

Treponema in the oral cavity of subjects with halitosis; a common symptom in RT 

(Seerangaiyan, van Winkelhoff, Harmsen, Rossen, & Winkel, 2017).  

 

4.5.3 Study Limitations 
 

There are several limitations of this study. This is a small cohort of patients, and while the 

findings of this study demonstrate significant differences between groups, the small cohort 

size must be taken into account when interpreting these data. Not all lymphocytes around 

every microcolony were counted but rather a representative sample was used for counting. 

This cohort included only participants with either OSA or RT. We did not include 



 66 

participants with symptoms of both and accept that this would be a very interesting group of 

patients to study given our findings. We are also unable at this stage to quantify the 

microbiome of these bacterial micro-colonies due to difficulty in obtaining enough bacteria 

from fixed tissue samples for adequate sequencing reads. However, we do note that there is a 

combination of gram positive and gram negative cocci, bacilli, and rods evident at high 

power magnification. While a swab was taken from the tonsil crypt, there is potential to miss 

sample collection from the microcolonies.  

RT is thought to be caused by pathogenic bacterial microcolonies that exist in tonsil crypts. If 

this is the case, antibiotics may be effective in reducing this bacterial load and may improve 

patient symptoms. However, in this cohort, it has been observed that participants with OSA 

do not have bacterial microcolonies in the tonsil crypts. Therefore, it seems unlikely that 

antibiotics would lessen tonsillar hyperplasia and reduce symptoms. In this cohort of patients, 

there are histological and microbiological differences between participants with OSA and 

RT. These data suggest that bacteria play at least some role in the pathogenesis of tonsillar 

hyperplasia in children with RT. However, this is only an observation, and further work is 

required to evaluate the role of the lymphocytes that surround the bacterial microcolonies. 

Their interaction with bacterial microcolonies is likely an important factor in the 

pathogenesis of adenotonsillar hyperplasia. The absence of bacterial microcolonies in 

participants with OSA suggests a possible inappropriate immune response in the individuals 

affected and this needs to be investigated further. This manuscript highlights important 

differences between the groups that suggest a direction to guide further investigation into this 

important area of research. 

 

4.6 Conclusion 
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We have demonstrated a significant local lymphocytic response to bacterial microcolonies 

within the tonsil crypts of participants with RT and an absence of this process in patients with 

OSA. Our results indicate that there is variation in bacterial community composition between 

RT and OSA. This highlights that from a histological and microbial standpoint recurrent 

tonsillitis and obstructive sleep apnoea are potentially different conditions. This could have 

important clinical implications, particularly regarding the prescribing of antibiotics.  
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CHAPTER 5. PATHOGEN RESERVOIR HYPOTHESIS 
INVESTIGATED BY ANALYSES OF THE ADENOTONSILLAR 
AND MIDDLE EAR MICROBIOTA 
 

5.1 Abstract 
 

5.1.1 Background 
 

Adenotonsillar and middle ear diseases result in some of the most frequently performed 

operations in the paediatric population worldwide. The pathogen reservoir hypothesis (PRH) 

suggests that the adenoids act as a reservoir of bacteria which play a potential pathogenic role 

in otitis media. Evidence supporting this hypothesis is limited. This study sought to 

comprehensively determine and compare associations between the adenotonsillar and middle 

ear bacterial microbiota within individual patients via next-generation sequencing and 

microbial network analyses. 

 

5.1.2 Methods 
 

Bacterial 16S rRNA gene-targeted amplicon sequencing was used to determine the bacterial 

composition of ten pediatric patients undergoing adenotonsillectomy and ventilation tube 

insertion for otitis media with effusion. At the time of surgery, swabs were taken from the 

adenoid surface, tonsil crypts and middle ear clefts (through the myringotomy incision). 

 

5.1.3 Results 
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The most abundant sequences within the bacterial community at genus level across all 

anatomical sites were Fusobacterium, Haemophilus, Neisseria, and Porphyromonas. There 

was an observable difference in the relative abundance of bacterial communities, with a 

higher proportion of Haemophilus and Moraxella in the adenoid when compared with the 

middle ear. Furthermore, only one module (consisting of 4 bacterial OTUs) from one patient 

was identified through microbial network analyses to be significantly associated between the 

middle ear and adenoid. In addition, microbial network analysis revealed that the adenoid and 

tonsil microbiota share greater similarity than do the adenoid and middle ear.  

5.1.4 Conclusions 
 

The results of this study do not suggest that the adenoid reservoir hypothesis is likely to be a 

significant contributor to OME. A future study at the species level, and over time, is required 

to further investigate the relationship between the microbiota of the adenoid and middle ear. 

 

5.2 Introduction 
 

Hyperplasia of the adenoids has long been associated with middle ear disease, yet our 

understanding of the exact pathogenesis of this association is unknown (Brook et al., 2000; 

Ren et al., 2013). It is thought that enlarged adenoids cause mechanical obstruction of the 

Eustachian tube. When this anatomical ventilation tube is blocked, negative pressure is 

created in the middle ear, and disease ensues.  It may also be true that the negative pressure 

generated in the middle ear attracts pathogenic bacteria from the surface of the hyperplastic 

adenoid pad (Bluestone, 1996b).  

This adverse situation can be remedied at least temporarily by ablating hyperplastic adenoid 

tissue and inserting ventilation tubes into a child’s tympanic membranes. While this measure 
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resolves symptoms in most cases, there are some problems with this process. Firstly, this 

surgical intervention is not without some risk, and we do not fully understand the effects that 

it has on the development of the immune system (Perry & Whyte, 1998). Moreover, most 

children with OME and adenoidal hyperplasia are usually prescribed multiple courses of 

antibiotics, which, apart from often being ineffective, may be causing detrimental effects to 

the developing immune system. Secondly, many children are not referred for surgery, as 

these conditions are difficult to diagnose in the community and symptoms may be attributed 

to the child having behavioural difficulties or poor attention. A missed diagnosis will often 

result in significant learning and speech difficulties as a result of hearing loss. Finally, 

surgical resolution of symptoms is usually temporary, and recurrence of the problem is 

common (Johnston, Mahadevan, & Douglas, 2017; Yaman et al., 2010). It is believed that 

adenoidectomy reduces the rate of recurrent OME by reducing the reservoir of pathogenic 

bacteria that may reflux up the Eustachian tube, and by improving Eustachian tube function 

by reducing obstruction of the medial end of the tube (Swidsinski et al., 2007).  

It has been proposed that enlarged adenoid tissue acts as a bacterial reservoir, encouraging 

pathogenic bacteria to reach the middle ear via the Eustachian tube (Bernstein, Reddy, 

Scannapieco, Faden, & Ballow, 1997; Brook & Yocum, 1999; Hoa et al., 2009; Nistico et al., 

2011; Ren et al., 2013). This hypothesis has been investigated previously, but its veracity has 

not been definitively established (Liu, Cosetti, Aziz, Buchhagen, Contente-Cuomo, Price, 

Keim, & Lalwani, 2011a; Ren et al., 2013). This may in part be because most of what is 

known of the microbiology of the upper airways has been derived from culture-based studies 

(Brook et al., 2000; Fekete-Szabo et al., 2010; Khoramrooz et al., 2012). Culture-based 

methods reflect only a small fraction of the bacteria present on the mucosal surface (Ren et 

al., 2013). Just a few studies have used culture-independent molecular surveys based on 16S 

rRNA sequencing to determine the microbiota on the surface and within the tissue of 
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adenoids (Chan et al., 2016; Dirain et al., 2017; Jervis-Bardy, Rogers, Morris, Smith-

Vaughan, Nosworthy, Leong, Smith, Weyrich, De Haan, Carney, Leach, O'Leary, & Marsh, 

2015b; Liu, Cosetti, Aziz, Buchhagen, Contente-Cuomo, Price, Keim, & Lalwani, 2011a; 

Ren et al., 2013). One study has used 16S rRNA sequencing to characterize the microbiota in 

the tonsil, adenoid, and middle ear (Liu, Cosetti, Aziz, Buchhagen, Contente-Cuomo, Price, 

Keim, & Lalwani, 2011b). This study was performed on a single patient and supported the 

pathogen reservoir hypothesis by suggesting that the adenoid may be a source site for both 

the middle ear and tonsil microbiota (Liu, Cosetti, Aziz, Buchhagen, Contente-Cuomo, Price, 

Keim, & Lalwani, 2011b). As this study was limited to samples from one patient, the findings 

cannot be generalized until reproduced in a larger cohort. This study aimed to 

comprehensively determine and compare associations between the adenotonsillar and middle 

ear bacterial microbiota within individual patients via next-generation sequencing. 

 

5.3 Materials and methods 
 

5.3.1 Patient information 
 

Ten children undergoing adenotonsillectomy and bilateral ventilation tube insertion were 

recruited. Participants were required to be under the age of 15 years and have taken no 

antibiotics for at least eight weeks before surgery. All patients in this study had adenotonsillar 

hyperplasia and bilateral otitis media with effusion (OME) at the time of surgery. To be 

eligible to participate in this study all participants were required to have chronic otitis media 

with effusion persistent for six months or greater. This was confirmed with type B-low 

tympanograms and bilateral conductive hearing loss on audiometry. In addition, all 

participants had sleep disordered breathing symptoms including snoring, mouth-breathing, 
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and chronic nasal obstruction. All patients also were required to have infective symptoms 

including recurrent acute tonsillitis and purulent nasal discharge. Given this strict inclusion 

criteria, the number of eligible participants was limited. No participants in this study had a 

medical comorbidity that would compromise their immune system. Patient information is 

outlined in Table 1. Written consent was obtained from the legal guardian of each participant, 

and ethical approval from the New Zealand Health and Disability Ethics Committee 

(16/STH/53) was obtained for this study. 
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Table 1. Demographics of study patients. * Courses of antibiotics prescribed in the year prior 

to surgery. 

Patient Gender Age 

(years) 

Asthma Eczema Allergic 

rhinitis 

Pre-op antibiotic 

courses* 

1 F 5 No Yes No 3 

2 F 10 No No Yes 2 

3 M 4 No No Yes 0 

4 M 7 No Yes Yes 4 

5 F 6 No No No 5 

6 M 5 No No No 4 

7 M 4 Yes Yes Yes 3 

8 F 5 No Yes Yes 2 

9 M 2 No No No 3 

10 M 2 Yes No No 3 

 

The tonsil and adenoid data from the ten participants in this study have been utilised in 

another study (Johnston, Hoggard, Biswas, Astudillo-García, Radcliff, et al., 2018a). The 

purpose of this other study was to investigate potential differences in adenotonsillar 

microbiota according to sampling location, both on and within the adenoids and palatine 
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tonsils. The ten participants in this study represent a subgroup of these participants who had 

middle ear samples collected in addition to tonsil and adenoid samples.  

 

5.3.2 Sample collection 
 

Adenotonsillectomy and bilateral ventilation tube insertion were performed under general 

anaesthesia. Intravenous antibiotics were not administered at induction. Following induction, 

extracapsular tonsillectomy was performed with either bipolar diathermy or Coblation plasma 

technology. Each tonsil was removed and placed immediately into individual sterile pots. 

Before adenoidectomy and under mirror visualisation a sample of adenoid was removed with 

large biopsy forceps and placed into a sterile container. Bilateral myringotomy was 

performed via otomicroscopy, and sterile rayon-tipped swabs (Copan, #170KS01) were used 

to swab the middle ear exudate. All samples were stored on ice and immediately taken to the 

laboratory. 

At the laboratory, sterile rayon-tipped swabs (Copan, #170KS01) were used to swab the 

crypts of each palatine tonsil. Swabs were also taken of the adenoid tissue sample. Duplicate 

swabs were taken from each of the five sites per patient, so a total of 10 swabs were obtained 

for each individual. Following collection, the tip of each swab was removed aseptically and 

placed in a sterile 1.5 mL polypropylene tube containing RNAlaterÒ. All containers were 

labelled and stored at -20°C until further analysis.  

 

5.3.3 DNA extraction 
 



 75 

Two replicate swabs from each site were thawed on ice and placed together into a sterile 

Lysing Matrix E tube (MP Biomedicals, Australia). Genomic DNA was extracted from the 

swabs using the AllPrep DNA/RNA Isolation Kit (Qiagen) following the manufacturer’s 

instructions and eluted in 30 μL of DNase-free water. Cells were ruptured using a Qiagen 

TissueLyser II at 25 m/s for 2 × 40 s. The quality and quantity of genomic DNA were 

measured on a Nanodrop 3300 fluorospectrometer.  

 

5.3.4 Bacterial 16S rRNA gene sequencing 
 

The V3-V4 region of the bacterial 16S rRNA gene was amplified from the extracted genomic 

DNA using primers 341F and 785R (Herlemann et al., 2011). Sample preparation for 

amplicon sequencing was as described previously (Hoggard et al., 2017), with some minor 

modifications. In brief, the aforementioned 16S rRNA gene-targeting primers, complete with 

Nextera DNA library Prep Kit adaptors, were used in equimolar concentrations (0.2 μM) 

together with dNTPs (0.2 µM), HotStar PCR buffer (x1), MgCl2 (2 mM), 0.5U HotStar DNA 

polymerase (Qiagen, Germany) and PCR-certified water to a final volume of 25 μL. PCR 

amplification was performed in an Applied Biosystems Thermal Cycler for 35 cycles. 

Negative PCR controls (without the addition of genomic DNA) were included for all PCR 

reactions, with no detectable PCR product. Amplified products were purified using 

Agencourt AMPure beads (Beckman Coulter Inc. United States) and quantified using Qubit 

dsDNA High-Sensitivity (Life Technologies, United States). Equimolar concentrations of 

prepared amplicon samples were submitted to the sequencing provider (Auckland Genomics 

Ltd., Auckland, New Zealand) for library preparation and sequencing on the Illumina MiSeq 

platform (2 x 300 bp paired-end reads).  
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5.3.5 Bioinformatic analyses 
 

Processing of obtained sequence reads was carried out as described previously (Hoggard et 

al., 2017). Briefly, sequences were merged and quality filtered in USEARCH (Edgar, 2010; 

Edgar & Flyvbjerg, 2015). Sequences were clustered using the UCLUST algorithm into 

operational taxonomic units (OTUs) based on 97% sequence similarity (Edgar, 2013). OTUs 

were taxonomically assigned in QIIME (Caporaso et al., 2010) using the SILVA database (v. 

128) (Quast et al., 2013). Samples were rarefied to an even sequencing depth of 2000 reads 

per sample for further analysis. Beta-diversity distance matrices (based on weighted and 

unweighted UniFrac (Lozupone et al., 2011)) were calculated in QIIME.  

 

5.3.6 Network analyses 
 

For the construction of microbial networks for each patient, pairwise correlations for each 

pair of OTUs using Spearman’s rank correlation coefficient was undertaken. To identify 

robust positive correlations between OTUs and to avoid spurious associations, only 

correlations with Spearman’s rho coefficient (ρ) > 0.75 that were statistically significant (p ≤ 

0.05) were considered.  Co-occurrence networks were then constructed for each subject using 

existing methods (Barberán, Bates, Casamayor, & Fierer, 2012; Febria, Hosen, Crump, 

Palmer, & Williams, 2015), and network statistics were calculated with the aim to identify 

putative differences in network topology (review2003, n.d.). 

Network analysis was conducted in R (v. 3.4.2) using the packages bioDist, vegan and 

igraph. To determine that networks generated were not random networks we followed the 

approach by Lupatini and colleagues (2014) (Lupatini et al., 2014).   
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5.3.7 Statistics 
 

Diversity indices (including Shannon–Wiener index and Inverse-Simpson index) and 

rarefaction curves were calculated for all samples from OTU tables using QIIME (Caporaso 

et al., 2010), and the values were formally compared using Student's t-test and the Kruskal-

Wallis test. The Adonis function in Calypso (Zakrzewski et al., 2017) was used to analyse the 

impact of the sampling site on the multi-species community structure of adenoid samples. An 

ANOVA test was performed to compare the 30 most abundant OTUs by the sample site in 

the adenoids and tonsils using Calypso (Zakrzewski et al., 2017). Comparisons of site-

specific differences in relative abundance were calculated using the Kruskal-Wallis test, 

followed by pairwise testing via Dunn's test of multiple comparisons with Bonferroni 

adjustment. Non-metric multidimensional scaling (nMDS) plots were constructed using R 

software (version 3.3.0) (Team, 2014) based on weighted and unweighted UniFrac distance 

matrices. 

 

5.4 Results 
 

5.4.1 Bacterial community composition 
 

Adenoid swab samples were dominated by Proteobacteria (mostly represented by the genera 

Haemophilus, Moraxella, and Neisseria), Fusobacteria (dominated by the genus 

Fusobacterium), and Firmicutes (dominated by the genus Streptococcus). Samples collected 

from the palatine tonsils were dominated at phyla level by Proteobacteria (mostly belonging 

to the genera Haemophilus, Moraxella, and Neisseria), Fusobacteria (dominated by the 

genus Fusobacterium), Firmicutes (dominated by the genera Streptococcus), and 

Bacteroidetes (Porphyromonas). Middle ear swab samples were dominated by Firmicutes 
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(predominantly the genera Staphylococcus and Alloiococcus), Fusobacteria (dominated by 

Fusobacterium), Proteobacteria (mostly belonging to the genera Haemophilus), and 

Actinobacteria (Turicella). Of note, Alloiococcus and Turicella were found only in the 

middle ear samples. This was also true of Staphylococcus with exception to a very small 

abundance noted in the adenoid and tonsil samples. In all three sample types, other genera 

collectively comprised a small proportion of the bacteria that were present, and considerable 

variability in bacterial community composition between subjects was observed at phylum and 

genus levels (Figure 1).  

 

Figure 1. Bacterial community composition of the adenoids, middle ear clefts, and tonsils of 

10 patients with adenotonsillar disease and OME at phylum (A) and genus level (B). The 

dominant phyla and genera within the samples are shown. Swab samples from each patient 
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are shown alongside each other. A = adenoid; LME = left middle ear cleft, RME = right 

middle ear cleft, LT = left tonsil, RT = right tonsil. 

5.4.2 Pairwise comparisons of all sites 
 

To compare the relative abundance of taxa across all anatomical sample sites, pairwise 

comparison testing was performed on the 30 most abundant OTUs. OTUs that were most 

similar in relative abundance across all three anatomical sample sites were OTU 2 

(Fusobacterium), OTUs 1, 475, and 1642 (Haemophilus), OTU 21 (Streptobacillus), and 

OTU 66 (Eikenella). OTUs that differed significantly (p<0.05) across sample sites were OTU 

5 (Staphylococcus), OTU 4 (Moraxella), OTUs 9, 23, and 1777 (Neisseria), OTUs 10, 20, 

and 176 (Haemophilus), OTUs 26 and 534 (Porphyromonas), and OTU 16 (Gemella).  

 

5.4.3 Pairwise comparisons between each site 
 

Pairwise comparisons between adenoid and middle ear were performed. There was a higher 

relative abundance of OTU 4 (Moraxella, p=0.001) and OTUs 10 and 20 (Haemophilus, 

p=0.001 and p=0.01 respectively) in the adenoid. Relative sequence abundances of OTU 176 

(Haemophilus, p=0.03) and OTU 1777 (Neisseria, p=0.006) were significantly higher in the 

tonsil compared to the adenoid. OTUs 26 and 534 (Porphyromonas, p=0.03 and p<0.001 

respectively), OTU 16 (Gemella, p<0.001), OTUs 9 and 23 (Neisseria, p<0.001), 

Leptotrichia, OTUs 10, 20, and 176 (Haemophilus, p<0.001), OTU 186 (Fusobacterium, 

p=0.05), and OTU 19 (Actinobacillus, p=0.01) were elevated in tonsil samples compared 

with the middle ear. In addition, the relative sequence abundance of OTU 5 (Staphylococcus) 

was significantly higher in the middle ear than the tonsil samples. 
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5.4.4 Alpha diversity 
 

Alpha diversity indices were calculated and compared for each sample site. Richness, 

Shannon–Wiener and Inverse-Simpson indices were utilised. In total, 562 distinct OTUs from 

122 genera were identified across all samples. Median OTU richness values for the middle 

ear, adenoid, and tonsil samples were 60 (range: 6 to 88) 66 (23 to 113), and 84 (42 to 121) 

respectively. All three alpha diversity indices noted a significant difference in the microbial 

community diversity of the tonsil samples compared with middle ear samples (richness 

p=0.002, Shannon-Wiener p=0.002, and Inverse-Simpson p=0.001). The Shannon-Weiner 

and Inverse-Simpson indices also recorded a difference in the diversity of adenoid compared 

with tonsil microbial communities (p=0.03 and p=0.02 respectively). However, there was no 

difference based on richness (p=0.07). In addition, there was no statistically significant 

difference between adenoid and middle ear microbial communities.   

 

5.4.5 Beta diversity 
 

In ordination analysis of beta-diversity (Figure 2), a comparison of weighted and unweighted 

UniFrac differences was undertaken. In nMDS plots, the samples for all three groups were 

generally overlapping, indicating similar communities across the three sample types (Figure 

2). Unweighted results suggest that the communities found in the adenoids and tonsils, in 

particular, are comparable to one another regarding composition.  However, the weighted 

analysis shows that there can be subtle differences in the structural makeup of those 

communities. For the middle ear samples, the wider spread in both weighted and unweighted 

plots suggests that the middle ear communities are more variable from patient to patient than 

adenoid and tonsil samples in both structural makeup and composition. 
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Figure 2. Non-metric multidimensional scaling (nMDS) plot based on unweighted (A) and 

weighted (B) UniFrac distance matrices, and boxplots of sample distances to each group 

centroid (indicating inter-subject variability [beta-dispersion]) for adenoid, tonsil, and middle 

ear swab samples.  
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5.4.6 Network analyses 
 

Microbial network analysis was performed individually for each patient. The number of 

nodes and edges, as well as modularity index for each network, are displayed in Table 2.  

Only one module (defined as significant positive associations) with OTUs present in both the 

adenoid and the middle ear was identified. This was found in patient 3, and comprised of 4 

OTUs. Furthermore, two modules were recovered in patients 3 and 9 for shared OTUs in the 

middle ear and tonsil.   
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Table 2. Network parameters for microbial correlation networks constructed with each of the 

patients considered in this study. 

 

Significantly correlated OTUs that were shared between each sample site was also recorded 

(Table 3). Seven of the ten patients had co-occurring bacterial OTUs in middle ear samples 

with tonsil or adenoids. Middle ear and tonsil samples had a greater number of shared OTUs 

Patient Total number 

of OTUs 

Number of 

nodes 

Number 

of 

edges 

Average 

Degree 

Modularity Number of 

modules 

1 181 105 619 11.79 0.624 5 

2 152 75 423 11.28 0.363 6 

3 138 76 150 3.947 0.854 20 

4 169 64 364 11.375 0.394 6 

5 204 80 380 9.5 0.602 6 

6 119 45 368 16.356 0.285 3 

7 144 79 502 12.709 0.446 5 

8 77 28 137 9.786 0.341 3 

9 159 61 488 16 0.456 4 

10 165 77 1139 29.584 0.248 3 
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(92 OTUs) compared with the middle ear and adenoids (28 OTUs) across all patients. 

Interestingly, the adenoids and tonsils had many bacterial OTUs (178 OTUs) that co-occurred 

at both sites. 

 

Table 3. Number of significantly correlated OTUs shared among sights. AME: adenoid and 

middle ear; AMET: adenoid, middle ear and tonsil; AT: adenoid and tonsil; MET: middle ear 

and tonsil. Total number of shared OTUs are indicated between brackets. 

 

Patient AME AMET AT MET 

1 14 (16) 41 (45) 22 (26) 3 (14) 

2 3 (4) 35 (43) 16 (25) 10 (13) 

3 6 (8) 22 (26) 8 (14) 13 (18) 

4 0 (1) 22 (35) 17 (26) 16 (21) 

5 2 (5) 19 (20) 19 (22) 24 (33) 

6 0 (0) 5 (9) 24 (28) 0 (2) 

7 2 (3) 19 (19) 8 (9) 24 (31) 

8 0 (0) 8 (11) 7 (9) 0 (3) 

9 1 (3) 8 (8) 12 (17) 2 (4) 

10 0 (0) 3 (3) 45 (52) 0 (0) 
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These results indicate that the adenoid and tonsil bacterial communities are similar and share 

many bacterial taxa between the two sites. However, only in a few cases co-occurrence of 

bacterial taxa were found between these two sites and with that of the middle ear.  

 

5.5 Discussion 
 

Observations from this study do not actively support the hypothesis that adenoids harbour 

pathogenic bacteria that can be linked to those found in OME. Even though we observed no 

significant difference in the alpha diversity of microbial communities in adenoid samples 

compared with middle ear samples. Comparable alpha diversity does not necessarily support 

the PRH, as two communities that are similarly diverse can nonetheless consist of entirely 

different taxa. In the case of the PRH, it is specifically the shared bacterial taxa between the 

two sites that are of key interest. In support of this, we observed a difference in the relative 

abundance of select taxa, with the adenoids having a higher proportion of Moraxella and 

Haemophilus than the middle ear. When microbial network analysis was performed, we 

observed more commonality between the bacterial communities of the tonsil and adenoid 

when compared with the middle ear and adenoid.  

 

5.5.1 Microbiota of OME 
 

In the normal middle ear, we would expect the most abundant bacterial phyla to be 

Proteobacteria, followed by Actinobacteria, Firmicutes, and Bacteroidetes (Minami et al., 

2017). In our cohort, we noted the most abundant bacterial phyla were Firmicutes, followed 

by Fusobacteria, Proteobacteria, and Actinobacteria. The most abundant genera in the 

middle ear samples were Fusobacterium, followed by Staphylococcus. The findings of these 
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genera in highest relative abundance differ from that found by Chan et al., who reported 

Alloiococcus and Haemophilus as being of highest relative abundance in OME (Chan et al., 

2016). In our cohort, a higher relative abundance of Haemophilus was observed in the tonsil 

and adenoid samples when compared with middle ear samples.  

Multiple genera dominated the bacterial communities of the middle ear samples in our 

cohort. Except for two patients who were dominated by Staphylococcus (patient 6 and 8) and 

one patient who was dominated by Alloiococcus (patient 10). Interestingly these patients 

were dominated by these genera in both middle ear clefts, despite their anatomical separation.  

Given the small cohort of patients in this study, we must acknowledge that the genera 

dominating the middle ear samples of these three patients may have skewed the relative 

abundance of the middle ear microbial community in the cohort. There are microbial 

communities significantly dominated by Fusobacterium in the other patients.  

We observed that Alloiococcus and Turicella were found only in middle ear cleft samples. 

Alloiococcus has been reported in many studies as the most prevalent bacterial genera in non-

purulent OME and is an external auditory canal commensal (Chan et al., 2016). Turicella was 

only described just over 20 years ago and has been isolated only a few times from middle ear 

fluid and the external auditory canal (Graevenitz & Funke, 2014). It is not clear if Turicella is 

a coloniser or a potential pathogen, and all cases reported so far have been in children 

(Graevenitz & Funke, 2014). In this cohort, the average relative abundance of Turicella is 

2.2% in the left middle ear swabs and 10.5% in right middle ear swabs. 

 

5.5.2 Microbiota of adenoids do not resemble OME 
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In our cohort, we found that some microbial genera commonly associated with OME were 

detected in the adenoid samples. These included genera such as Streptococcus, Moraxella, 

Haemophilus, and Staphylococcus. These findings were consistent with those of  Ren et al. 

who surveyed the bacterial communities of 67 human adenoids removed at surgery (Ren et 

al., 2013). These findings are also compatible with the results of a large culture-based survey 

of healthy and diseased adenoids (Brook et al., 2000). However, culture-based studies are 

unable to detect as many genera as 16s rRNA gene-based sequencing studies can. This is 

relevant, as genera identified in this study, such as Turicella, are difficult to culture, yet may 

prove valuable in the pathogenesis of OME (Graevenitz & Funke, 2014). One of the crucial 

observations made in this study was that not many of the OTUs found in the adenoids that 

have previously been associated with OME were found in the middle ear samples in the same 

patients. This is a point of difference of this study compared with other 16s rRNA gene-based 

sequencing studies to date. Other studies have reported the microbiome of a large number of 

adenoid, tonsil, and middle ear samples (Jensen et al., 2013; Ren et al., 2013). But these 

studies have not necessarily investigated the relationship of the microbiome based on 

multiple sites in individual patients. The findings from one study (of one patient) were 

supportive of the PRH (Liu, Cosetti, Aziz, Buchhagen, Contente-Cuomo, Price, Keim, & 

Lalwani, 2011a). The data presented here, however, suggest that reconsideration of the PRH 

may be warranted.  This is mainly in light of the co-occurrence network analysis, which 

identified very few OTUs shared between the middle ear and adenoid samples within 

individual patients. In this cohort, the significant co-occurrence of any OTUs was only 

observed in one patient. 

 

5.5.3 Microbiota of adenoids and tonsils are very similar 
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Multiple genera dominated the bacterial communities of adenoids and tonsils in our cohort. 

Therefore, if bacteria are the main contributor to adenotonsillar hyperplasia, then these 

infections are likely polymicrobial. It is also possible that the majority of the bacteria are 

commensals, with specific opportunistic pathogens creating an infection when the patients 

are immunologically compromised. 

Staphylococcus was one of the few bacterial genera that were present in higher abundance in 

the middle ear when compared with the adenoid and tonsils. This finding is consistent with 

many recent 16S rRNA gene-based pyrosequencing studies that report Staphylococcus as 

being highly abundant in the microbiome of OME, but less so in the adenoids and even less 

in the palatine tonsils (Chan et al., 2016; 2017; Jensen et al., 2013; Ren et al., 2013).  

 

5.5.4 PRH was not supported in this study 
 

There have been few studies investigating whether or not the adenoids harbour bacteria that 

could contribute to OME. Our findings are consistent with other studies that have found that 

the dominant phyla of the infected adenoid are Firmicutes, Fusobacteria, and Proteobacteria 

(Liu, Cosetti, Aziz, Buchhagen, Contente-Cuomo, Price, Keim, & Lalwani, 2011a; Ren et al., 

2013). Ren et al. showed that the adenoid microbiota is unique and distinct from other body 

sites (Ren et al., 2013). This supports the notion that microbiota composition is determined 

mainly by its specific habitat (Costello et al., 2009). If this is the case, then it would seem 

possible that the infected adenoid must be influencing the habitat of the middle ear, resulting 

in some sharing of their microbial communities. It would also seem likely, given the more 

distant location of the palatine tonsils in the oropharynx that they would have less influence 

on the middle ear than the adenoid.  However, this was not the case in this cohort. While we 

did not observe a difference in the alpha diversity between the adenoid and middle ear, there 
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were distinct differences in the relative abundance of taxa within the bacterial communities. 

Importantly for the PRH, relatively few OTUs were shared in common between these two 

sites within individual patients. Also, network analysis indicated that the tonsils and adenoids 

shared more common bacterial OTUs with each other, than did the adenoids with the middle 

ear samples. 

In this cohort, the differences between patients were much more pronounced than differences 

observed between sites. This suggests that each individual has a unique microbial community 

and no one single microbial fingerprint can be directly linked to adenotonsillar hyperplasia or 

OME. Significant interpersonal variability has been reported almost universally in published 

microbiome studies and represents one of the many challenges in attempting to form a causal 

link between microbiome and disease (Jensen et al., 2013; Ren et al., 2013). It is not clear 

what causes such significant interpersonal variability. The infant’s microbiome is initially 

similar to the mother’s and then diversifies as he or she gets older. Seasonality is known to 

alter the adenoid microbial community, yet other factors such as gender, age, and pre-school 

attendance do not (Bogaert et al., 2011; Hilty et al., 2012; Ren et al., 2013). We were unable 

to assess these factors on the microbial community in this cohort given that this was not a 

longitudinal study.  

Bacterial 16S rRNA gene-based sequencing is an essential molecular technique that allows us 

to characterise complex microbial communities in the tonsil, adenoid, and middle ear (Liu, 

Cosetti, Aziz, Buchhagen, Contente-Cuomo, Price, Keim, & Lalwani, 2011a). A significant 

limitation is that this technique does not yield information about bacterial activity, viability or 

function (Liu, Cosetti, Aziz, Buchhagen, Contente-Cuomo, Price, Keim, & Lalwani, 2011a) 

which limits its capability to identify a causal link between the microbial community 

identified and the disease of interest. Also, we were only able to obtain data to genus level, 

and so results cannot be correlated with species-level data in some culture-based studies. 
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Contamination of samples during collection is always a concern. For example, swabs coming 

into contact with the external auditory canal during collection could lead to a higher 

abundance of colonisers such as Staphylococcus, Pseudomonas, and Alloiococcus. We 

attempted to minimise contamination by collecting samples in a controlled operating room 

environment with the patient under general anaesthesia and by placing resected adenoid and 

tonsil tissue immediately into sterile pots so that the tissue could be swabbed in a tissue 

laboratory under aseptic technique. Also, this is a small cohort of participants, and as a result, 

the small cohort size must be taken into account when interpreting these data. All participants 

in this cohort were prescribed more than one course of antibiotics in the year preceding 

surgery, with exception to one participant. It is highly likely that these antibiotics had an 

effect on the bacterial community composition of the tonsils, adenoid, and middle ear 

samples of participants in this cohort. We attempted to limit the effect of antibiotics by 

ensuring that participants did not have any antibiotics for eight weeks prior to surgery. 

However, no longitudinal data determines the sustained effect of antibiotics on the microbiota 

of these tissues. Therefore, it is unclear if eight weeks is a sufficient amount of time for the 

microbiome to normalise following a course of antibiotics. This needs to be taken into 

account when interpreting these data. 

 

5.6 Conclusion 
 

To our knowledge, this 16S rRNA survey is the largest to comprehensively assess and 

compare associations between the adenotonsillar and middle ear bacterial microbiota to 

determine the validity of the pathogen reservoir hypothesis. The results do not suggest that 

the adenoid reservoir hypothesis is likely to be a significant contributor to OME. 

 



 91 

CHAPTER 6. THE EFFECT OF AMOXICILLIN WITH 
CLAVULANATE ON THE MICROBIOME OF TONSILLAR 
TISSUE IN DISEASE: A RANDOMISED CONTROL TRIAL 
 

6.1 Abstract 
 

6.1.1 Background 
 

Despite antibiotics being the primary medical treatment recurrent tonsillitis in children, the 

impact of antibiotics on the tonsillar microbiome is not well understood. This study 

investigated the effect of a one-week course of amoxicillin with clavulanate immediately 

before tonsillectomy on the composition and quantity of bacteria in the tonsils of children 

with recurrent tonsillitis. 

 

6.1.2 Methods 
 

A total of 60 participants (mean age six years) undergoing tonsillectomy for recurrent 

tonsillitis were included in this randomized control trial. Half of the participants (n=30) were 

prescribed amoxicillin with clavulanate for the week before surgery. The remaining thirty 

participants received no antibiotic treatment. Immediately following surgery, the crypts of the 

right and left tonsils were swabbed. A combination of bacterial 16S rRNA gene-targeted 

amplicon sequencing and histological techniques were used to determine the bacterial 

composition and spatial distribution of bacterial microcolonies in the collected samples. 

Droplet digital PCR was also performed to measure the bacterial load in each sample.  
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6.1.3 Results 
 

Significant differences in bacterial species richness and composition were observed between 

the two cohorts. In the control group, there were significantly higher relative abundances of 

Haemophilus (p<0.001), Streptococcus (p<0.001), Neisseria (p<0.001), and Porphyromonas 

(p<0.001) compared with the antibiotic group.  Members from the genera Fusobacterium 

(p<0.001) and Treponema (p<0.001) were found to be significantly more abundant in the 

antibiotic group compared with controls. Although striking differences in bacterial 

community composition were observed, there were no significant differences in the absolute 

quantities of bacteria between the groups. Microscopic examination found fewer bacterial 

microcolonies present in the tonsillar crypts of participants in the antibiotic group (p=0.02). 

 

6.1.4 Conclusions 
 

Participants who received amoxicillin with clavulanate immediately before tonsillectomy had 

a lower relative abundance of bacterial genera known to be associated with recurrent 

tonsillitis. However, the overall bacterial load was not significantly decreased. These results 

suggest that a single course of antibiotics has a significant impact on the tonsil microbiota. 

The duration of this effect and the impact that the altered microbiome has on the course of the 

condition need to be determined. 

 

6.2 Introduction 
 

Recurrent acute tonsillitis (RT) occurs when repeated episodes of acute tonsillitis are 

interrupted by intervals of no symptoms or insignificant symptoms (Windfuhr, Toepfner, 
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Steffen, Waldfahrer, & Berner, 2016). RT affects a significant proportion of the paediatric 

population (Hallenstål et al., 2017) but the exact incidence of disease is not known (Windfuhr 

et al., 2016). Currently, the diagnosis of RT is based on clinical scoring systems such as the 

Centor score and McIsaac score that determine the probability of a patient having Group A 

Streptococci (GAS) (Centor, Witherspoon, Dalton, Brody, & Link, 1981; McIsaac, Goel, To, 

& Low, 2000; McIsaac, Kellner, Aufricht, Vanjaka, & Low, 2004; Windfuhr et al., 2016). 

Children who present with a sore throat and a McIsaac score of 3 or more are recommended 

to receive oral antibiotic therapy in the form of penicillin V or phenoxymethylpenicillin-

benzathin (Pichichero & Casey, 2007; Windfuhr et al., 2016). In cases of penicillin allergy, 

erythromycin or a first-generation cephalosporin are recommended (Windfuhr et al., 2016). 

Advantages for the use of antibiotics in RT include a decreased duration of contagiousness, 

faster symptom resolution, reduction in purulent complications, and potential avoidance of 

immunogenic secondary diseases such as acute post-streptococcal glomerulonephritis and 

acute rheumatic fever (L. E. Chen et al., 2017; Hennawi, Geneid, Zaher, & Ahmed, 2017; 

Shetty, Mills, & Eggleton, 2014; Windfuhr et al., 2016).  

Current guidelines recommend that antibiotic therapy is indicated only in cases of proven or 

highly suspected GAS infection. Microbiological diagnostic tests including rapid antigen 

detection tests, microbial culture, multiplex polymerase chain reaction (PCR), and the 

streptococci antibody test (Windfuhr et al., 2016) are often unavailable, expensive, or overly 

time-consuming to be feasible in the community setting. Several studies have observed in 

practice that the guidelines are not strictly adhered to and that antibiotics tend to be over-used 

and narrow-spectrum penicillins under-prescribed (Ivanovska, Hek, Mantel-Teeuwisse, 

Leufkens, & van Dijk, 2018; Tyrstrup et al., 2017; M. R. Williams et al., 2018). This occurs 

despite the global problem of increasing antibiotic resistance (Alghadeer, Aljuaydi, 

Babelghaith, Alhammad, & Alarifi, 2018).  
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Knowledge of the tonsillar microbiome has been enhanced by the utilization of 16S rRNA 

bacteria gene-targeted amplicon sequencing (Johnston & Douglas, 2018b; Johnston, 

Hoggard, Biswas, Astudillo-García, Radcliff, et al., 2018a; Johnston, Hoggard, Biswas, 

Astudillo-García, Waldvogel-Thurlow, et al., 2018b). To date, seven culture-independent 

molecular surveys based on 16S rRNA sequencing have been completed to determine the 

microbiota on the surface and within the tissue of adenoids and palatine tonsils (Chan et al., 

2016; Jensen et al., 2013; Johnston & Douglas, 2018b; Johnston, Hoggard, Biswas, 

Astudillo-García, Radcliff, et al., 2018a; Johnston, Hoggard, Biswas, Astudillo-García, 

Waldvogel-Thurlow, et al., 2018b; Liu, Cosetti, Aziz, Buchhagen, Contente-Cuomo, Price, 

Keim, & Lalwani, 2011a; Ren et al., 2013; Watanabe et al., 2017). These studies have 

identified the presence of multiple pathogenic bacteria in hyperplastic adenoids and palatine 

tonsils. However, no causal link between the presence of bacteria and hyperplasia has been 

established. To our knowledge, there are currently no studies that utilize this technology to 

investigate the effect of oral antibiotics in children with RT on the tonsillar microbiome. In 

this study, we used 16S rRNA bacterial gene amplicon sequencing, Droplet Digital™ PCR 

(ddPCR) and histology to investigate the differences in tonsil microbiota composition, 

bacterial load and presence of microcolonies in children with recurrent tonsillitis following a 

course of amoxicillin with clavulanate taken immediately before tonsillectomy. 

Amoxicillin with clavulanate is not recommended as first-line therapy for the treatment of RT 

(ESCMID Sore Throat Guideline Group et al., 2012; Munck, Jørgensen, & Klug, 2018; 

Windfuhr et al., 2016). This antibiotic was selected for this study given that there is evidence 

to suggest that amoxicillin with clavulanate is superior to penicillin both at eradicating 

Streptococci and non-Streptococci in RT (Brook, 1989b; 1989a; Munck et al., 2018). This is 

relevant given that GAS is only involved in a minority of complicated RT cases (Ehlers Klug, 

Rusan, Fuursted, & Ovesen, 2009; ESCMID Sore Throat Guideline Group et al., 2012). Also, 



 95 

it remains unclear which bacterial pathogens are associated with the majority of RT cases 

(Munck et al., 2018). A recent systematic review recommended the use of amoxicillin with 

clavulanate as an appropriate intervention in designing a randomized control trial such as this 

(Munck et al., 2018). This was advised given its broad bacterial spectrum, well-known side 

effects, cost, and oral route of administration (Munck et al., 2018). These recommendations 

were carefully considered before the selection of amoxicillin with clavulanate for this study. 

 

6.3 Methods 
 

6.3.1 Study Design, Participants, and Intervention 
 

This randomised, nonblinded clinical trial of the administration of amoxicillin with 

clavulanate to children with recurrent tonsillitis was conducted between August 1, 2017, and 

June 30, 2018, in two centres in Auckland, New Zealand (Auckland District Health Board 

and Gillies Hospital).  

Sixty children undergoing tonsillectomy for the indication of recurrent tonsillitis were 

recruited for this study. The necessity for tonsillectomy was based on the Paradise criteria 

(Paradise, 1981). This criterion has defined clinically significant RT (requiring tonsillectomy) 

as seven episodes in one year, five events per year for two years, or three or more episodes 

per year for three years (Munck et al., 2018; Paradise, 1981). Participants were under the age 

of 16 years and had taken no antibiotics for at least eight weeks prior to the commencement 

of this study. Thirty of the participants were randomly allocated to the antibiotic group and 

prescribed a seven-day course of amoxicillin with clavulanate immediately before and 

including the day of surgery. The remaining thirty participants were randomly assigned to the 

control group and received no antibiotics. Written consent was obtained from the legal 
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guardian of each participant, and ethical approval from the New Zealand Health and 

Disability Ethics Committee (17/NTB/76) was obtained for this study. The trial was 

registered on the Australian New Zealand Clinical Trials Registry and was reported using 

CONSORT guidelines.  

The following demographic data were collected: age, sex, body mass index (BMI), and 

ethnicity. Clinical data included the tonsil grades (L. Brodsky, 1989a), medical 

comorbidities, antibiotics prescribed in the community in the year prior to surgery, and 

results from throat swab for culture before admission. Outcome data included postoperative 

visits to the general practitioner (GP), 30-day readmission rate, and associated complications. 

 

6.3.2 Randomization and Blinding  
 

During the recruitment phase, children were randomised in a 1:1 ratio using a computer-

based randomisation system. This was an open-label study; study investigators and legal 

guardians knew which group they were allocated to. No placebo was used. 

 

6.3.3 Sample Collection 
 

Tonsillectomy was performed under general anaesthetic by a paediatric ORL surgeon. 

Intravenous antibiotics were not administered at induction. Following induction, 

extracapsular tonsillectomy was performed with either bipolar diathermy or coblation 

diathermy (Smith & Nephew, London, United Kingdom). Each tonsil was removed and 

placed immediately into individual sterile pots. These samples were stored on ice and taken 

to the laboratory for processing within 1 hour of collection. 
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Pre-operative tonsil swabs were not collected as it is not practical to obtain an adequate tonsil 

crypt swab in a child before tonsillectomy without discomfort and potential contamination. 

To accurately sample the palatine tonsils, swabs were taken deep within the tonsil crypts 

immediately following tonsillectomy. Pairs of sterile, rayon-tipped swabs (Copan, 

#170KS01) were used to swab the crypts of each palatine tonsil then placed in a sterile 1.5 

mL Eppendorf tube containing RNAlaterÒ. All tubes were stored at -20°C until further 

analysis.  

 

6.3.4 Primary Endpoint 
 

The primary endpoint was to investigate the differences in tonsil microbiota composition, 

bacterial load and presence of microcolonies in children with recurrent tonsillitis following a 

course of amoxicillin with clavulanate taken immediately before tonsillectomy. This was 

achieved using 16S rRNA bacterial gene amplicon sequencing, Droplet Digital™ PCR 

(ddPCR) and histological techniques as described below.  

 

6.3.5 Total DNA Extraction Bacterial 16S rRNA Gene sequencing 
 

Total DNA was extracted from the swabs, and the bacterial 16S rRNA gene was amplified 

and sequenced as previously described (Johnston, Hoggard, Biswas, Astudillo-García, 

Radcliff, et al., 2018a). Negative PCR controls with PCR-grade water were included for all 

PCR reactions, with no detectable PCR product. Equimolar concentrations of amplicon 

samples were submitted to Auckland Genomics Ltd., Auckland, New Zealand for library 

preparation and sequencing on the Illumina MiSeq platform (2 x 300 bp paired-end reads).  
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6.3.6 Bioinformatic Analyses 
 

Raw sequence reads were quality filtered as described previously (Johnston, Hoggard, 

Biswas, Astudillo-García, Waldvogel-Thurlow, et al., 2018b). Briefly, primer binding regions 

were trimmed, and sequences were merged and quality filtered in USEARCH v10 (Edgar, 

2010; Edgar & Flyvbjerg, 2015). Sequences were clustered using the UCLUST algorithm 

into operational taxonomic units (OTUs) based on 97% sequence similarity (Edgar, 2013). 

OTUs were taxonomically assigned using the LTP 16S SILVA database v 123 (Quast et al., 

2013). Human-assigned reads were manually filtered from the dataset and samples were 

normalised to 3780 sequence counts per sample for further analysis. Alpha diversity metrics 

and Beta-diversity distance matrices were calculated in USEARCH. The Adonis function in 

Calypso (Zakrzewski et al., 2017) was used to analyse the impact of antibiotics on the multi-

species community structure of tonsil samples. 

 

6.3.7 Droplet Digital™ PCR 
 

Droplet Digital™ PCR (ddPCR) measures absolute quantities by counting nucleic acid 

molecules encapsulated in discrete volumetrically defined water-in-oil droplet partitions. 

Each sample was subjected to ddPCR to assess bacterial load indicated by the number of 16S 

rRNA gene copies. Droplet generation, PCR amplification, and QX200 droplet readings were 

conducted using the QX200™ Droplet Digital PCR System and QuantaSoft™ Software 

according to the manufacturer’s instructions (Bio-Rad Laboratories). Briefly, the V1-V3 

regions of the bacterial 16S rRNA gene were amplified using the primers 8F-341R (Hoggard 

et al., 2017). Each ddPCR reaction contained 11µL EvaGreen®, 0.5µL 10µM 8F forward 

primer, 0.5µL 10µM 341R reverse primer, 9.0µL of sterile PCR-grade water, and 1.0µL of 

sample DNA for a total volume of 22µL. A positive control of Escherichia coli DNA and a 
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negative control of 1X ddPCR buffer with PCR-grade sterile water were included. After 

droplet generation, 40µL of droplets per sample were transferred to a 96-well plate for PCR 

amplification. The thermocycling conditions were as follows: enzyme activation at 95ºC for 5 

min, followed by 40 cycles of denaturation at 95ºC for 30s and annealing/extension at 58ºC 

for 1min. A single signal stabilisation step at 4ºC for 5min then 90ºC for 5min was carried 

out. Droplets were analysed using the QuantaSoft™ Software according to the 

manufacturer’s recommendations. Manual thresholds were set for droplet counts and 

converted back to copies of 16S rRNA gene fragments using dilution factors from each 

sample. The final counts were log10 converted and plotted using the R statistical program.  

 

6.3.8 Histological analysis 
 

Following swab collection, the left palatine tonsils from a random subset of 14 participants 

(seven treatment and seven control) were fixed in formalin then embedded in paraffin wax. 

Each palatine tonsil was sectioned in the coronal plane at 250 µm intervals, with 4 µm thick 

sections being cut at each point. This resulted in approximately 25 sections per tonsil. A 

Gram stain was performed on each coronal section of the 14 tonsils, followed by a 

counterstain with safranin to identify Gram-negative bacteria. All sections were screened at 

x40 magnification on a Leica DMR upright microscope looking for the presence or absence 

of bacterial microcolonies in each section. A bacterial microcolony was defined as a colony 

of bacteria visible only under a low power microscope (x40 magnification). 

 

6.3.9 Statistical Analysis 
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Participant demographics and clinical characteristics were summarised using descriptive 

statistics. Univariate analysis was used to assess potential factors that were associated with 

differences in participants based on allocation to antibiotic or control group. Chi-square tests 

were performed to evaluate categorical variables, and the Student's t-test was conducted to 

evaluate continuous variables. A two-tailed p-value less than 0.05 was regarded as 

statistically significant. IBMÒ SPSSÒ version 24 software was used for all statistical 

analyses.  

Significant differences between amoxicillin with clavulanate treated and control patients’ 

bacterial communities and total bacterial load were assessed using the R statistical package. 

Specifically, data were initially assessed for normality using the Shapiro Wilks test, followed 

by a t-test or Wilcoxon Rank Sum test for normal or non-normally distributed data, 

respectively.  The multivariate homogeneity of groups dispersions were assessed for a 

significant difference between groups with Tukey’s honest test. Comparisons of cohort 

differences in relative abundance were calculated using the Kruskal-Wallis test, followed by 

pairwise testing via Dunn's test of multiple comparisons with Bonferroni adjustment. 

 

6.4 Results 
 

6.4.1 Participant information 
 

A total of 87 participants were registered, of whom 60 were randomized, and 60 (100% [30 

in the antibiotic group and 30 in the control group]) completed the study (Figure 1). The 

demographics and clinical characteristics of the 60 participants from this study are shown in 

Table 1. Medications prescribed in the year preceding surgery for each participant in this 

study were obtained by accessing community prescribing data, which are available to 
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clinicians nationwide in New Zealand. No significant differences were noted in the number 

of courses of antibiotics prescribed between groups in the year before surgery (antibiotic 3.7 

± 0.4 and control 3.6 ± 0.5).  This was also the case for prescription of analgesics and 

prednisone.   

 

Figure 1. Flowchart of study population 
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Table 1. Demographic and clinical characteristics for participants in the antibiotic group 

versus those in the control group. 

 antibiotic (n=30) control (n=30) p-value 

Gender    

Female 60% 63% p=0.79 

Mean age (years) 8.7 ± 1.3 8.8 ± 1.4 p=0.97 

Mean Body Mass Index 24 ± 2.1 23 ± 1.9 p=0.55 

Tonsil grade (Brodsky 

grading system) 

2.8 ± 0.2 2.7 ± 0.2 p=0.64 

Asthma 13% 17% p=0.72 

Eczema  50% 57% p=0.61 

Allergic rhinitis 20% 27% p=0.54 

 

A General Practitioner performed a throat swab for detection of GAS in 97% of participants 

in the treatment group and 87% in the control group in the year preceding surgery. These 

swab results were positive for GAS in 60% of participants in the antibiotic group and 57% in 

the control group in the year before surgery. A complication was defined as a related 

admission to hospital within 30 days of discharge. There was no difference in 30-day 

readmission rates between the two groups. 
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6.4.2 Primary Outcome 
 

6.4.2.1 Bacterial community composition and diversity 
 

The tonsil crypt swabs were used to compare the antibiotic group with the control group. In 

the antibiotic group at phylum level, the tonsil swabs were dominated by Fusobacteria, 

Spirochaetes (Treponema), and Bacteroidetes (Prevotella and Porphyromonas). In the 

control group at phylum level, the tonsil swabs were dominated by Proteobacteria 

(Haemophilus and Neisseria), Fusobacteria (Fusobacterium), Firmicutes (Streptococcus), 

and Bacteroidetes (Prevotella and Porphyromonas). Considerable variability in bacterial 

community composition between groups was observed at the OTU level (Figure 2).  

 

 

Figure 2. Relative sequence abundances of the 20 most dominant bacteria at OTU level 

recovered from tonsillar crypt swab amplicon sequencing data in all patients from this study 
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(antibiotic = 30, control = 30). Each colour on the bar graph represents an OTU. Each bar 

represents a single patient.  

 

The Shannon, Jost1 and Simpson alpha diversity indices that account for both abundance and 

evenness did not differ significantly between the microbial communities of the two groups 

(p>0.05 for all).  However, the species richness of tonsil crypts in the control group were 

significantly more diverse when compared to those from the antibiotic group (Wilcoxon 

Rank Sum test, p=0.001). Distinct clustering of samples by cohorts were observed in the 

nMDS plot (Figure 3). No significant difference in dispersion of samples within groups was 

observed.  

 

 

Figure 3. Bray-Curtis dissimilarity nMDS plot and dispersion box plots: Beta-diversity 

clustering (A) Non-metric multidimensional scaling (nMDS) plot of antibiotic treated (n = 

30) and control (n = 30) samples. Ellipses represent the mean of the description coordinates 

at the centre, and the dispersion of the ellipses were calculated using the standard deviation of 

the weighted average of covariance matrix group scores. (B) Box plot indicating the distances 
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of samples to the centroid for antibiotic treated and control groups. The multivariate 

homogeneity of groups dispersions with Tukey's honest significant difference did not indicate 

a significant difference of dispersion between groups, p > 0.05. 

 

Pairwise comparisons between groups for the top 100 OTUs were tested using Dunn’s test of 

multiple comparisons with Bonferroni adjustment. This revealed that there were higher 

relative abundances of Streptococcus (p=0.002), Haemophilus (p<0.001), Neisseria 

(p<0.001), and Porphyromonas (p<0.001) in the control group. In contrast, higher relative 

abundances of Fusobacterium (p<0.001), Prevotella (p<0.001), Treponema (p<0.001), and 

Parvimonas (p<0.001) were detected in the antibiotic group.  

ddPCR analyses revealed no significant difference in the absolute quantity of bacterial DNA 

between groups (Welch Two Sample t-test, p>0.05) (Figure 4).  
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Figure 4. Box plots showing comparisons of log10-transformed bacterial loads between 

antibiotic treated and control patients measured using Droplet Digital™ PCR. Median values 

are indicated by the solid line within each box, and the box extends to upper and lower 

quartile values; outlier data points are indicated by closed circles. Comparisons between 

groups were assessed using Welch Two Sample t-test, and no significant difference was 

detected (p > 0.05). 
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6.4.2.2 Histological analyses 
 

All available histological slides were reviewed for the presence of bacterial microcolonies 

(Figures 5a and 5b). There were significantly more Gram-positive bacterial microcolonies 

observed in the control group when compared with the treatment group (mean number of 

Gram-positive microcolonies in the antibiotic group = 60 ± 49 (range 13-144) versus the 

mean number in the treatment group = 3.6 ± 3.2 (range 0-10) (p=0.02). There was no 

significant difference in the number of Gram-negative microcolonies observed between 

groups (mean number of Gram-negative microcolonies in control group = 1.7 ± 3.1 (range 0-

9) versus mean in antibiotic group = 0.3 ± 0.5 (range 0-1) (p=0.29).  

 

 

Figure 5a. Demonstration of bacterial microcolonies surrounded by B and T lymphocytes in 

the tonsil crypt of a patient in the control group at 40x magnification. 
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Figure 5b. Demonstration of the same bacterial micro-colony surrounded by B and T 

lymphocytes in the tonsil crypt of a patient in the control group at 60x magnification. 

 

6.5 Discussion 
 

To our knowledge, this is the first study to investigate the effect of antibiotics on the 

microbiome of tonsillar tissue in children with RT using molecular techniques. There is a 

noticeable and significant difference in the microbiome of those children who received a one-

week course of amoxicillin with clavulanate when compared with those who did not. This 

was most obvious when observing the differences in the relative abundance of bacteria in the 

children who received antibiotics. The tonsils in this group were dominated by 

Fusobacterium and Treponema, when compared with tonsils from the control group which 

were dominated by Streptococcus, Haemophilus, Neisseria, and Porphyromonas. This 

suggests that the amoxicillin with clavulanate significantly reduced several bacterial taxa 

commonly associated with recurrent tonsillitis, as well as the overall bacterial richness. 



 109 

Interestingly, there was no significant difference between the two groups in regard to the 

absolute abundance of bacteria recovered from swab samples. We hypothesise that 

opportunistic bacterial genera replaced those bacteria that were eradicated by the amoxicillin 

with clavulanate. 

The significant findings in this cohort of children raise many questions. An extensive 

evaluation of the medical history of these children revealed at least one course of amoxicillin 

with clavulanate was prescribed before recruitment in this study. It is apparent that this 

antibiotic alters the bacterial community composition in that it decreases both the overall 

richness of bacteria and the relative abundance of genus Streptococcus, which has previously 

been described as a causative organism in RT (Brook, 1989b; Roberts et al., 2012). Despite 

this, the disease progressed to the point that all of these children required a tonsillectomy. 

This suggests that either members of genus Streptococcus are not the primary pathogenic 

bacteria in RT, or the alteration in the microbiome following a course of antibiotics is not 

sustained. Another possibility is that once the tonsils have become hyperplastic secondary to 

repeated colonization with pathogenic bacteria, the process is no longer reversible with 

antibiotic therapy. This is possible given that the tonsils are hyperplastic and not hypertrophic 

(Johnston, Hoggard, Biswas, Astudillo-García, Waldvogel-Thurlow, et al., 2018b). 

Therefore, if medical therapy were to be effective at reducing the tonsillar size, it would need 

to be targeted at reducing the number of lymphocytes rather than primarily altering the 

microbiome. 

Foci of pathogenic bacteria in the crypts of tonsils have been described as significant 

contributors to the chronicity and recurrence of disease in RT (Al-Mazrou & Al-Khattaf, 

2008; Chole & Faddis, 2003; Drago et al., 2012; Galli et al., 2007). In this cohort, we 

observed a substantial reduction in the number of bacterial microcolonies in the tonsillar 

crypts of the patients who were prescribed amoxicillin with clavulanate. This was an 
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unexpected finding given the size and apparent stability of these bacterial microcolonies 

observed previously in patients with RT (Johnston, Hoggard, Biswas, Astudillo-García, 

Waldvogel-Thurlow, et al., 2018b). The eradication of these bacterial microcolonies with a 

short course of oral antibiotics supports the notion that once tonsillar hyperplasia has 

occurred, it may not require the ongoing presence of pathogenic bacteria to remain enlarged.  

This study has shown that amoxicillin with clavulanate significantly reduced the relative 

abundance of bacteria commonly associated with tonsillitis. However, these children all had 

multiple courses of antibiotics over their lifetimes and still required surgery. It must be 

acknowledged that the number of children who end up needing a tonsillectomy is likely to be 

a significant minority (Erickson et al., 2009; Juul et al., 2018). However, those who do are 

prescribed many courses of antibiotics at a very young age, and these children experience a 

significant reduction in their quality of life. The detrimental effects of antibiotics on both the 

individual and society are becoming increasingly apparent (Erickson et al., 2009; Juul et al., 

2018). At the individual level, oral antibiotics can significantly alter the gut microbiome, with 

the potential for adverse downstream effects including the association of repeated antibiotic 

exposure with many disease states later in life (Guss et al., 2017; Lima-Ojeda et al., 2017). At 

the societal level, antibiotic resistance is one of the most substantial public health concerns 

that we face (Goossens, Ferech, Vander Stichele, Elseviers, ESAC Project Group, 2005; 

Hobbs et al., 2017). In children, antibiotics are most commonly prescribed for upper 

respiratory tract infections, for which RT is one of the more common indications (Hobbs et 

al., 2017; Pottegård et al., 2015).  

 

6.6 Conclusions 
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We have demonstrated a significant alteration in the bacterial communities of tonsil tissue 

following a course of amoxicillin with clavulanate in children with RT. Amoxicillin with 

clavulanate significantly reduced bacterial taxa commonly associated with RT, as well as the 

number of bacterial microcolonies observed in the tonsillar crypts. Despite these significant 

alterations in the microbiota, these patients still required a tonsillectomy. This suggests that 

either the effect of antibiotics is not sustained or that they are not an effective treatment for 

RT. 
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CHAPTER 7. THE EFFECT OF CHLORHEXIDINE 
MOUTHWASH ON BACTERIAL MICROCOLONIES IN 
RECURRENT TONSILLITIS 
 

7.1 Abstract 
 

7.1.1 Background 
 

 Recurrent acute tonsillitis (RT) is one of the most common conditions affecting the 

paediatric population worldwide. Treatment is most commonly in the form of multiple 

courses of oral antibiotics and only after a significant amount of morbidity, tonsillectomy is 

recommended. There are no currently recommended topical treatments deemed to be 

efficacious in the treatment of RT. Chlorhexidine mouthwash is used to promote oral health 

and treat periodontal disease. Although the effects of chlorhexidine mouthwash are reported 

to have immediate antibacterial effects following a single mouthwash, the use of 

chlorhexidine mouthwash as a treatment option has not been investigated in patients with RT. 

This study aimed to determine the effects of 0.2% chlorhexidine mouthwash on the bacterial 

microcolonies in the crypts of palatine tonsils in children with RT.  

 

7.1.2 Methods 
 

The palatine tonsils were removed by extracapsular dissection from 21 participants with RT, 

age range two to ten years. Participants were randomly assigned to either the treatment group 

(0.2% chlorhexidine mouthwash) or control group (0.9% sodium chloride). The left tonsils of 

eleven participants were submerged in 0.2% chlorhexidine mouthwash and gently oscillated 

for 30 seconds in a sterile pot. The left tonsils of the ten participants in the control group were 

subjected to the same process but in 0.9% sodium chloride.   Following exposure, the left 
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tonsil (exposed) and right tonsil (unexposed) from each participant were fixed and evaluated 

for bacteria by Gram-staining and presence of connective tissue by safranin staining.  

 

7.1.3 Results 
 

There were significantly fewer bacterial microcolonies observed in the tonsils that were 

exposed to chlorhexidine mouthwash when compared to the 0.9% sodium chloride group 

(p<0.05). There were also fewer bacterial microcolonies present in tonsils exposed to 

chlorhexidine mouthwash when compared to unexposed tonsils (p<0.05). There was no 

difference in the number of microcolonies in the unexposed tonsils from participants in the 

chlorhexidine group when compared with the saline group (p=0.68). 

 

7.1.4 Conclusion 
 

Chlorhexidine mouthwash appears to be effective in significantly reducing the number of 

bacterial microcolonies that exist in the crypts of these participants with RT. This was 

achieved with a single exposure. This same effect was not seen in tonsils that were exposed 

to saline. Further studies are required to determine the method of action, duration of response, 

and effect on patient symptoms in vivo. Chlorhexidine mouthwash may offer a non-invasive, 

topical alternative to treatment in patients with RT.  

 

7.2 Introduction 
 

Chlorhexidine is a broad-spectrum antiseptic that targets microbial biofilms. Mouthwashes 

containing the active ingredient chlorhexidine digluconate were introduced in the 1970s and 
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had been extensively marketed since (Löe & Schiott, 1970; Quintas, Prada-López, Donos, 

Suárez-Quintanilla, & Tomás, 2015; Richards, 2017). Chlorhexidine mouthwash is most 

commonly used as an adjunct to mechanical oral hygiene procedures to reduce plaque levels 

and improve gingival health (Richards, 2017). There is high-quality evidence that 

chlorhexidine mouthwash results in a reduction in dental plaque and has a mild effect in the 

reduction of gingivitis (da Costa, Amaral, Barbirato, Leão, & Fogacci, 2017; Richards, 2017).  

Chlorhexidine is effective against both Gram positive and Gram negative bacteria as well as 

some viruses and fungi (Quintas et al., 2015).  It is cationic and works by forming a strong 

bond with anionic sites of the cell wall and membrane of pathogens (Gilbert & Moore, 2005; 

Quintas et al., 2015).  This bonding event affects the metabolic capability and 

osmoregulatory of the pathogen’s cell membrane and enzymes contained within (Hugo & 

Longworth, 1966; Quintas et al., 2015). If the pathogen is exposed to a high concentration of 

chlorhexidine, it will result in a loss of structural membrane integrity and subsequent leakage 

of cellular material (Quintas et al., 2015).  

Recurrent acute tonsillitis (RT) is associated with multiple pathogenic bacteria, including 

Streptococcus sp, Haemophilus influenzae, Staphylococcus aureus, and Actinomyces 

(Johnston & Douglas, 2018b). RT is one of the most common diseases affecting children 

worldwide (Johnston, McLaren, Mahadevan, & Douglas, 2018d). Treatment of RT usually 

includes multiple courses of oral antibiotics and surgical removal (tonsillectomy) is often 

required to alleviate recurrent symptoms (Johnston, McLaren, Mahadevan, & Douglas, 

2018d). It is likely that the extensive crypt system that exists in the palatine tonsils harbour 

pathogenic bacterial microcolonies that result in disease (Johnston, Hoggard, Biswas, 

Astudillo-García, Waldvogel-Thurlow, et al., 2018b). Chlorhexidine mouthwash is reported 

to have immediate antibacterial effects so potent that it takes the oral bacterial population 

more than three hours to return to baseline bacterial vitality levels following a single 
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mouthwash (Quintas et al., 2015). We hypothesized that chlorhexidine mouthwash might be 

an alternative to oral antibiotics in eradicating the pathogenic bacteria that cause RT. This 

study aimed to determine the effects of chlorhexidine mouthwash on the bacterial 

microcolonies of ex-vivo palatine tonsils from children with RT. The second group of RT 

patients whose left tonsils were exposed to 0.9% sodium chloride (normal saline) after 

surgery were included to control for the potential effect of mechanical washing on the 

microcolonies.  

 

7.3 Methods 
 

7.3.1 Participant Information 
 

Twenty-one participants undergoing tonsillectomy were recruited for this study. Participants 

were under the age of 16 years and had taken no antibiotics for at least eight weeks before 

surgery. All of the participants were having surgery for the indication of RT as per the 

Paradise criteria (Paradise, 1981). This criterion has defined clinically significant RT 

(requiring tonsillectomy) as seven episodes in one year, five events per year for two years, or 

three or more episodes per year for three years (Munck et al., 2018; Paradise, 1981). Written 

consent was obtained from the legal guardian of each participant, and ethical approval from 

the New Zealand Health and Disability Ethics Committee (17/NTB/76) was obtained for this 

study.   

The following demographic data were collected: age, sex, BMI, and ethnicity. Clinical data 

included the tonsil grade (L. Brodsky, 1989a), medical comorbidities, antibiotics prescribed 

in the community and throat swab for culture before admission. Participant demographics and 

clinical characteristics were summarised using descriptive statistics. Univariate analysis was 
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used to assess any demographic or clinical differences that may exist between participants 

from the chlorhexidine group versus the saline group. Chi-square tests were performed to 

assess categorical variables, and the Student's t-test was performed to assess continuous 

variables. A two-tailed p-value of less than 0.05 was regarded as statistically significant. All 

statistical analyses were performed by IBMÒ SPSSÒ version 24 software. 

 

7.3.2 Sample Collection 
 

Tonsillectomy was performed under general anaesthetic by a paediatric ORL surgeon. 

Intravenous antibiotics were not administered at induction. Following induction, 

extracapsular tonsillectomy was performed with either bipolar diathermy or coblation 

diathermy (Smith & Nephew, London, United Kingdom). Each tonsil was removed and 

placed immediately into individual sterile pots. These samples were stored on ice and taken 

to the laboratory for processing within one hour of collection. 

The left tonsil from each participant in the chlorhexidine group was submerged in 0.2% 

chlorhexidine digluconate mouthwash under sterile conditions. The tonsil was gently 

oscillated for 30 seconds and then fixed in formalin. The left tonsils from all participants in 

the saline group were submerged in a sterile 0.9% sodium chloride solution. The tonsil was 

also gently oscillated for 30 seconds and fixed in formalin. The right tonsils from all 

participants in both groups were transferred from the sterile collection pots and fixed directly 

in formalin.  

 

7.3.3 Histological analysis 
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Following relevant exposure, the right and left palatine tonsils from all participants were 

fixed in formalin then embedded in paraffin wax. Tonsils from the participant's left-hand side 

had been exposed to either chlorhexidine mouthwash or saline before fixation. Tonsils from 

the right-hand side were fixed immediately following tonsillectomy and were used as 

controls. Each palatine tonsil was sectioned in the coronal plane at 250 µm intervals, with 4 

µm thick sections being cut at each point. This resulted in approximately 25 sections per 

tonsil. A Gram stain was performed on each coronal section of the 42 tonsils, followed by a 

counterstain with safranin to identify Gram-negative bacteria. All sections were screened at 

x40 magnification on a Leica DMR upright microscope looking for the presence or absence 

of bacterial microcolonies in each section. A bacterial microcolony was defined as a colony 

of bacteria visible only under a low power microscope (x40 magnification). 

 

7.4 Results 
 

7.4.1 Participant information 
 

The demographics and clinical characteristics of the 21 participants from this study are 

shown in Table 1. There were no statistically significant demographic or clinical differences 

between the two groups of participants. Medications prescribed in the year preceding surgery 

for each participant in this study were obtained by accessing community prescribing data, 

which are available to clinicians nationwide in New Zealand. Mean number of courses of 

antibiotics prescribed to participants in the year before surgery was 3.8 ± 0.8 (range 2-5) in 

the chlorhexidine group and 4.0 ± 0.8 (range 2-6) (p=0.72) in the saline group.  A general 

practitioner had performed a throat swab for detection of Group A Streptococci (GAS) in all 
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participants before surgery. These swab results were positive for GAS in all participants at 

least once in the year before surgery. 

 

 

Table 1. Demographic and clinical characteristics of participants 

 Treatment group (n=11) Control group (n=10) p value 

Gender    

Female 55% 50% p=0.84 

Mean age (years) 6.4 ± 1.6 (range 2-10) 5.8 ± 1.4 (range 3-9) p=0.57 

Mean Body Mass 

Index 

20 ± 1.8 (range 16-25) 21 ± 1.8 (range 16-24) p=0.55 

Tonsil grade (Brodsky 

grading system) 

3.0 ± 0.4 (range 2-4) 3.1 ± 0.5 (range 2-4) p=0.74 

Asthma 18% 10% p=0.59 

Eczema  27% 30% p=0.89 

Allergic rhinitis 27% 20% p=0.70 
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7.4.2 Histological analyses 
 

All available histological slides were reviewed for the presence of bacterial microcolonies 

(Figure 1a and 1b). There were significantly fewer bacterial microcolonies observed in the 

tonsils that were exposed to chlorhexidine mouthwash when compared with the saline control 

group. The mean number of microcolonies in the saline group was 67 ± 43 (range 3-160) 

versus the mean number in the chlorhexidine group = 11 ± 6 (range 0-27) (p<0.05). When the 

right tonsils (unexposed) from participants in the saline group were compared with those 

from the chlorhexidine group, no difference (p=0.68) was observed in the mean number of 

bacterial microcolonies (saline group = 64 ± 32 (range 3-122), chlorhexidine group = 57 ± 28 

(range 6-135). 
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Figure 1a. Demonstration of a bacterial microcolony in the tonsil crypt of a participant in the 

saline group at 40x magnification. 

 

 

Figure 1b. Demonstration of the same bacterial micro-colony in the tonsil crypt of a patient 

in the saline group at 60x magnification. 

 

The right and left tonsils from participants in the saline group were compared with one 

another. No difference was observed in the mean number of bacterial microcolonies (left 

(exposed) tonsil = 68 ± 43 (range 3-164), right (unexposed) tonsil = 64 ± 32 (range 3-122) 

(p=0.89). Finally, the right and left tonsils from participants in the chlorhexidine group were 

compared with one another. A significant difference was observed in the mean number of 

bacterial microcolonies (left (exposed) tonsil = 11 ± 6 (range 0-27), right (unexposed) tonsil 

= 57 ± 28 (range 6-135) (p<0.05). 
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7.5 Discussion 
 

Chlorhexidine mouthwash appears to be effective in significantly reducing the number of 

bacterial microcolonies that exist in the crypts of these participants with RT. The reduction of 

bacterial microcolonies in the crypts of patients with RT is essential, as these likely result in 

the exudative nature of tonsils in disease (Al-Mazrou & Al-Khattaf, 2008; Chole & Faddis, 

2003; Drago et al., 2012; Galli et al., 2007), leading to symptoms including halitosis, 

odynophagia and fever (Johnston, Hoggard, Biswas, Astudillo-García, Waldvogel-Thurlow, 

et al., 2018b).  

It is possible that these bacterial microcolonies seen in the tonsils of patients with recurrent 

tonsillitis represent the initial step in the formation of tonsilloliths. Several studies have 

analysed the composition of clinically evident tonsilloliths (Cohen & Tschen, 2010; Dale & 

Wing, 1974; Kodaka, Debari, Sano, & Yamada, 1994; Mesolella et al., 2004; Sakano, 

Thaker, & Davis, 2015; Stoodley et al., 2009; Tsuneishi et al., 2006; Yellamma Bai & Vinod 

Kumar, 2015). One group who investigated a tonsillolith with Gram stain found on the 

surface of the tonsillolith Gram positive cocci and Gram positive bacilli.  Gram negative 

bacilli were observed deep inside the tonsillolith (Yellamma Bai & Vinod Kumar, 2015). 

This is consistent with our observations of bacterial micro-colonies (Johnston & Douglas, 

2018b). Another group which analysed tonsilloliths microscopically demonstrated a mass of 

Gram-positive, Gomori methenamine silver positive, periodic-acid Schiff positive, and non-

acid fast branched filamentous bacteria (Cohen & Tschen, 2010). If bacterial microcolonies 

represent early tonsilloliths, then eradication with chlorhexidine mouthwash may prevent 

tonsillolith formation.  

Although the mechanism of action is not entirely clear, the fact that chlorhexidine 

mouthwash significantly reduces the number of bacterial microcolonies is a potentially 
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clinically significant finding. Oral antibiotics may also be useful in the reduction of the 

bacterial burden in tonsillitis (L. E. Chen et al., 2017; Hennawi et al., 2017; Shetty et al., 

2014; Windfuhr et al., 2016). However, unlike chlorhexidine mouthwash, oral antibiotics 

have many side effects and may detrimentally alter the gut microbiome for a significant 

period (Erickson et al., 2009; Juul et al., 2018). Multiple courses of antibiotics may lead to 

increasing bacterial resistance (Guss et al., 2017; Lima-Ojeda et al., 2017). Chlorhexidine 

mouthwash is a topical treatment that is not swallowed and therefore has only a limited effect 

on the body's microbiome. It is inexpensive and does not require a prescription. 

It should be noted that rinsing with chlorhexidine mouthwash for longer than four weeks can 

cause adverse effects including calculus formation, extrinsic tooth staining and transient taste 

disturbance (Richards, 2017). Therefore, the use of chlorhexidine mouthwash should only be 

recommended when a patient has symptoms of RT or as a preventative measure to be used 

for one week in every six weeks. A significant limitation is that chlorhexidine mouthwash 

can only be used in patients old enough to gargle mouthwash for at least 30 seconds. 

There are several limitations to this study. The cohort of patients is small, and although the 

findings of this study demonstrate significant differences between groups, the small number 

of patients must be considered when interpreting these data. The effect of chlorhexidine was 

determined in vitro after the tonsils had been removed and effects may not be the same in 

vivo.  

 

7.6 Conclusion 
 

Chlorhexidine mouthwash reduces foci of pathogenic bacteria in the crypts of tonsils that 

have been found to contribute to the chronicity and recurrence of disease in RT (Al-Mazrou 
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& Al-Khattaf, 2008; Chole & Faddis, 2003; Drago et al., 2012; Galli et al., 2007). This effect 

was achieved with a single in vitro exposure. This same effect was not seen in tonsils that 

were exposed to normal saline. Further studies are required to determine the method of 

action, duration of response and effect on patient symptoms in vivo. Chlorhexidine 

mouthwash may offer a non-invasive, topical alternative to treatment in patients with RT.  
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CHAPTER 8. PERITONSILLAR ABSCESS: A COMMON 
COMPLICATION OF TONSILLAR DISEASE? 
 

8.1 Abstract 
 

8.1.1 Background 
 

Peritonsillar abscess (PTA) is a common deep space neck infection in children and adults. 

The epidemiology, microbiology, and clinical factors associated with PTA are not entirely 

understood. A single centre retrospective cohort study was performed to explore the 

demographic data, clinical presentation, treatment, and microbiology of PTA in a large cohort 

of patients.  

8.1.2 Methods 
 

The medical records of 1849 patients who were admitted with a diagnosis of PTA between 

January 2006 and June 2016 were reviewed. Seventy-six patients were excluded as they had a 

prior history of tonsillectomy, pharyngeal tumour, or were treated with acute tonsillectomy. 

Demographic data associated medical conditions, clinical presentation, laboratory results, 

treatment methods, and medication intake were collated for the remaining patients. 

8.1.3 Results 
 

The mean age was 37 ± 14 years (range 2 – 89 years).  Almost 60% (n=1030) of patients 

visited a general practitioner initially. Over 70% of these patients were prescribed antibiotics 

in the community. The mean length of hospital stay was 1.3 days (range 1 – 35), and 27% of 

patients were discharged on the day of admission. All inpatients were prescribed antibiotics, 

79% were prescribed a non-steroidal anti-inflammatory drug (NSAID), 67% were prescribed 
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topical analgesia (Benzydamine spray or lignocaine viscus), and 85% received intravenous 

dexamethasone. All patients in this cohort underwent aspiration of pus from the PTA site. A 

mean of 4mL (range 0 – 16mL) of pus was aspirated. Despite all patients having an aspiration 

of pus, only 55% had swabs sent to the laboratory for analysis. Of the swabs sent to the 

laboratory only 32% had antibiotic sensitivities reported. Over 80% were sensitive to 

penicillin, 94% were sensitive to erythromycin, and 30% were sensitive to tetracycline. The 

30-day readmission rate was 14%. Culture swabs from all four patients who developed 

Lemierre’s syndrome grew Citrobacter freundii. 

 

8.1.4 Conclusions 
 

The majority of patients are seen in the community and prescribed antibiotics before 

admission to hospital. Once in the hospital all patients in our cohort underwent aspiration 

followed by incision and drainage of PTA and were prescribed antibiotics. A quarter of the 

patients were discharged on the same day. Patients who were admitted for over 24 hours and 

those who were readmitted within 30 days were more likely to have higher white cell counts, 

neutrophil counts and a greater volume of pus on aspiration. 

 

8.2 Introduction 
 

A peritonsillar abscess (PTA) is a collection of pus between the pharyngeal musculature and 

palatine tonsil capsule. It is the most common deep space infection of the head and neck 

region and the most common indication for acute ORL hospital admission (Rusan, Klug, & 

Ovesen, 2009). Causative microorganisms include Gram negative rods, Gram positive cocci 

and anaerobes (Marom, Cinamon, Itskoviz, & Roth, 2010). The usual treatment is aspiration 



 126 

+/- incision and drainage of PTA, but there is practice variation based on geographical 

location (Kodiya, Ngamdu, Sandabe, Isa, & Garandawa, 2014).  

Antibiotic therapy is regarded as an essential adjunct in the treatment of PTA, yet there is no 

clear consensus on the most effective antibiotic regime (Ong, Goh, & Lee, 2004). Some 

smaller studies suggest that antibiotic therapy alone can result in similar outcomes when 

compared to surgical intervention (L. Brodsky, Sobie, Korwin, & Stanievich, 1988b).  

Complications associated with PTA include septic shock, Lemierre’s syndrome 

(thrombophlebitis of the internal jugular vein), dissemination of the infection to surrounding 

structures, and disease recurrence (Lepelletier et al., 2016).  

This retrospective case series aimed to describe the clinical characteristics, microbiological 

and laboratory findings, therapeutic interventions and clinical outcomes of patients diagnosed 

with PTA at Auckland District Health Board (ADHB) hospitals between January 2006 and 

June 2016. 

 

8.3 Methods 
 

Data were obtained from the Auckland District Health Board (ADHB) Clinical Records 

Department following national ethics approval and institutional approval through the ADHB 

Research Office. Extraction of all hospital morbidity records belonging to patients who were 

diagnosed with PTA between January 1, 2006, and June 2016 was performed. We collected 

the following demographic data - age, sex, and ethnicity. Clinical data that were collected 

included tobacco use, history of recurrent tonsillitis, asthma, type 2 diabetes mellitus, 

antibiotics prescribed in the community, duration of symptoms prior to admission, culture 

swab prior to and during admission, side of PTA, number of prior presentations with PTA, 
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and method of inpatient treatment of PTA. All medications prescribed while an inpatient, as 

well as laboratory and radiological investigations performed, were reviewed. Outcome data 

included length of hospital stay, discharge medications, 30-day readmission rate, and 

associated complications. The International Classification of Disease (ICD) 9 code 475 and 

ICD 10 code J36 was used to identify patients diagnosed with PTA. Exclusion criteria 

included patients with a prior tonsillectomy, prior history of a pharyngeal tumour, or who 

underwent an acute tonsillectomy during admission for PTA. 

Ethnicity was compiled as Maori, Pacific Islander, New Zealand European, Asian or other. 

Length of stay in days was defined as the number of nights spent in hospital during the index 

admission. 

Patients demographics and clinical characteristics were summarised using descriptive 

statistics. Univariate analysis was used to assess any potential factors that were associated 

with 30-day readmission rates. Univariate analysis was also used to compare outcomes of 

patients who were discharged on the day of admission versus those who were admitted for 

over 24 hours. Finally, univariate analysis was used to compare outcomes of patients who 

were prescribed antibiotics before admission with those who were not. Chi-square tests were 

performed to assess categorical variables and the Student’s T-test was performed to assess 

continuous variables. A two-tailed p-value of less than 0.05 was regarded as statistically 

significant. All statistical analyses were performed by IBMÒ SPSSÒ version 24 software. 

 

8.4 Results 
 

There was a total of 1849 patients who were admitted with a diagnosis of PTA between 

January 2006 and June 2016. Seventy-six patients were excluded as they had a prior history 
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of tonsillectomy, pharyngeal tumour or were treated with acute tonsillectomy. This included 

1773 patients with PTA who were subject to the analysis. The median age was 35 years (IQR 

27 – 45 years). Demographic and clinical characteristics are summarised in table 1.  

 

Table 1. Demographic characteristics and medical comorbidities of subjects in Auckland, 

New Zealand diagnosed with PTA from 2006 to 2016. 

Demographic characteristics and 

medical comorbidities 

Number of patients 

(n=1773) 

Percentage 

Gender   

Female 726 41% 

Male 1047 59% 

Ethnicity   

New Zealand European 811 46% 

Asian 284 16% 

Pacific Islander 103 6% 

Maori 158 9% 

Other 417 23% 

Tobacco   

Never smoked 948 53% 
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Currently smoking 507 29% 

Ex-smoker 313 18% 

History of recurrent tonsillitis    

Yes 467 26% 

No 1306 74% 

Asthma   

Yes 481 27% 

No 1292 73% 

Type 2 diabetes   

Yes 125 7% 

No 1648 93% 

 

Prior to hospital presentation, patients had symptoms for a median of 4 days (IQR 3 – 6 

days). 59% (1030/1773) of patients visited a general practitioner (GP) at least once before 

specialist referral. 73% (756/1030) of these patients were prescribed antibiotics before 

admission. 9% (159/1773) of patients had a throat swab before hospital admission to identify 

Group A Streptococcus, but this organism was cultured in only 4% (7/159) of these patients. 

A significant proportion of patients had left as opposed to right sided PTA (63% vs 37%, 

p<0.001). 78% (1383/1773) of our cohort presented for the first time, 16% (284/1773) for the 

second time, and 6% (106/1773) for the third or more time. 
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In the hospital, the median length of stay was 1 day (IQR 0 – 2 days), and 27% (479/1773) of 

patients were discharged on the day of admission. 79% (1396/1773) of patients were 

prescribed a non-steroidal anti-inflammatory drug (NSAID), 67% (1189/1773) were 

prescribed topical analgesia (benzydamine or lignocaine viscus), and 85% (1512/1773) 

received intravenous dexamethasone. Oral dexamethasone or prednisone was prescribed to 

9% (156/1773) of patients at the time of discharge. Patients who were discharged with 

antibiotics prescribed in the inpatient and outpatient settings are listed in table 2. We 

compared patients who were discharged on the same day as admission with those who were 

admitted for over 24 hours. We found that factors associated with over 24 hours of admission 

were a higher neutrophil count (P<0.001), higher C-reactive protein (P<0.001), and a higher 

volume of pus at initial aspiration (P<0.001).  

Table 2. Antibiotics prescribed to patients with a diagnosis of PTA as inpatients and 

outpatients.  

Antibiotic Number of patients Percentage 

Inpatient (n=1773)  

IV amoxicillin and clavulanic acid 873 49% 

IV penicillin 659 37% 

oral amoxicillin and clavulanic acid 40 3% 

IV erythromycin 36 2% 

IV cefuroxime 29 2% 

oral penicillin 20 1% 
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IV clindamycin 20 1% 

IV amoxicillin and clavulanic acid and 

oral metronidazole 

19 1% 

Other/Unknown 77 4% 

Outpatient (n=1773)  

Oral amoxicillin and clavulanic acid  883 50% 

oral penicillin  525 30% 

did not fill script 166 9% 

oral amoxicillin  25 1% 

oral cefaclor 15 1% 

oral clindamycin 22 1% 

oral roxithromycin 15 1% 

oral erythromycin 14 1% 

other/unknown 108 6% 

* IV = Intravenous  

 

95% (1679/1773) of the patients in this cohort underwent aspiration of pus from the PTA site 

under local anaesthetic. Aspiration of PTA under general anaesthetic was performed on 4% 

(74/1773) of patients. A median of 3mL (IQR 1 – 5mL) of pus was aspirated. All aspiration 
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sites in this cohort were then incised and drained. 24% (418/1773) of patients had the cavity 

reopened after repeat clinical examination the following day after ward round review.  

At the time of aspiration, a pus swab was sent for microscopy, culture and sensitivities from 

only 55% (980/1773) of patients. Bacterial culture results from these swabs are outlined in 

table 3. Of these patients who had swabs taken, only 32% (313/980) had antibiotic 

sensitivities reported by our laboratory. Of these cultures, 81% (252/313) were sensitive to 

penicillin, 94% (293/313) were sensitive to erythromycin, and 30% (95/313) were sensitive 

to tetracycline. Only 26 patients in this cohort had antibiotics changed based on culture 

sensitivities. 

Table 3. Microbiological results as reported by our laboratory of aspirated PTA swab 

cultures.  

Aspirated PTA swab culture Number of positive culture 

results (n=1532) 

Percentage 

Mixed oral flora 582 38% 

Mixed anaerobic bacteria 373 24.3% 

Group A streptococcus 353 23% 

Fusobacterium necrophorum 206 13.4% 

Staphylococcus aureus 14 1% 

Citrobacter freundii 4 0.3% 
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A full blood count was performed on all patients with PTA. The median white cell count was 

14 E+9/L (IQR 12 – 16.8 E+9/L), median neutrophil count was 11 E+9/L (IQR 9 – 13.6 

E+9/L), and median C-reactive protein (CRP) was 85mg/L (IQR 41 – 143mg/L). An 

infectious mononucleosis screen was performed on 20% (351/1773) of patients. This was 

positive in only 6% (21/351) of patients. Epstein Barr Virus serology was performed on 15% 

(269/1773) of patients. All were IgG positive, and 10% (26/269) were IgM positive. 

Radiological investigations were undertaken in 9% (158/1773) of patients. 74% (117/158) of 

these had a CT scan of the neck, 18% (28/158) had a lateral soft tissue neck plain film, 5% 

(9/158) had an orthopantomogram, and 3% (4/158) had an ultrasound scan of the neck. The 

indication for CT scan in all patients was to exclude parapharyngeal or retropharyngeal 

abscess. Patients who underwent a CT scan had higher white cell counts (P<0.001), higher 

neutrophil counts (P<0.001), and higher C-reactive protein levels (P<0.001) than those who 

did not.  

The number of patients who were readmitted within 30 days of discharge was 14% 

(242/1773). The most common cause for readmission was a further collection in 60% 

(146/242) of patients, 26% (63/242) were readmitted with pain and inadequate oral intake, 

12% (29/242) were readmitted with bleeding from the incision site, and 2% (4/242) 

developed Lemierre's syndrome. All four patients who developed Lemierre's syndrome had 

positive PTA swabs for Citrobacter freundii. All four of these patients were treated with 

broad spectrum antibiotics and anticoagulants. They had a median length of hospital stay of 

32 days (IQR 27 – 35 days). All four of these patients made a full recovery. No patients who 

were discharged on the day of admission returned to the hospital within the 30-day 

readmission period. Elective tonsillectomy following discharge was performed in 11% 

(190/1773) of patients. 
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Of the 14% (242/1773) of patients who were readmitted over a 30-day period following 

discharge, statistical analysis was completed to identify associated factors. Chi-square tests 

were performed to assess categorical variables and the Student’s T-test was performed to 

assess continuous variables (Table 4). Factors that were associated with a 30 day readmission 

were New Zealand European ethnicity (c2=7.9, P<0.001), non-smoker (c2=7.6, P<0.001), 

history of recurrent tonsillitis (c2=9.6, P<0.001), history of asthma (c2=9.2, P<0.001), and a 

history of type 2 diabetes mellitus (c2=16.2, P<0.001). A higher white cell count (t=29.7, 

P<0.001), neutrophil count (t=39.4, P<0.001), and volume of pus at the time of aspiration 

(t=39.9, P<0.001) were positively associated with higher readmission rates. Patients who 

were readmitted were more likely to require repeat aspiration during initial aspiration 

(c2=11.2, P<0.001). They were also more likely to undergo elective tonsillectomy following 

successful discharge from hospital (c2=24.8, P<0.001).  

Table 4. Comparisons of PTA patients readmitted within 30 days of discharge. P value based 

on student t-test for continuous variables and Pearson c2 for categorical variables. 

Variable Not Readmitted 

(n=1531) 

Readmitted (n=242) P-value 

New Zealand European, N (%) N=646 (42.2%) N=165 (68.2%) P<0.001 

Asthma, N (%) N=357 (23.3%) N=124 (51.3%) P<0.001 

Non-Smoker, N (%) N=766 (50%) N=182 (75.2%) P<0.001 

Recurrent tonsillitis, N (%) N=343 (22.4%) N=124 (51.3%) P<0.001 

Type 2 Diabetes Mellitus, N (%) N=47 (3.1%) N=78 (32.2%) P<0.001 
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WBC, mean (SD) 13.46±0.17 20.32±0.32 P<0.001 

Neutrophil count, mean (SD) 10.29±0.15 18.06±0.32 P<0.001 

Aspirate volume, 

mean (SD) 

3.63±0.11 9.46±0.24 P<0.001 

Repeat Aspiration, index 

admission, N (%) 

N=292 (19.1%) N=126 (52.1%) P<0.001 

Elective Tonsillectomy, N (%) N=54 (3.5%) N=136 (56.1%) P<0.001 

 

Univariate analysis was performed to compare the 73% (756/1030) of patients who saw a GP 

and were prescribed antibiotics prior to admission, with those who were not. Factors that 

were associated with a prescription of antibiotics prior to admission were Asian (c2=4.2, 

P<0.001) or Other (c2=18.2, P<0.001) ethnicities, non-smoker (c2=10.8, P<0.001), and a 

history of type 2 diabetes mellitus (c2=4.4, P<0.001). Interestingly patients who were 

prescribed antibiotics before admission had higher white cell counts (t=4.3, P<0.001), 

neutrophil counts (t=22.6, P<0.001), and volume of pus at the time of initial aspiration 

(t=22.5, P<0.001). 

 

8.5 Discussion 
 

This study highlights many facets of the epidemiology, microbiology and clinical features of 

a large cohort of patients with PTA.  
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With a median age of 35 years our cohort was older than others (Mazur, Czerwińska, 

Korona-Głowniak, Grochowalska, & Kozioł-Montewka, 2015). We found a higher number 

of males in our cohort than females, which is consistent with other series(Johnson, 2017; 

Klug, 2017; Marom et al., 2010; Mazur et al., 2015). Smoking rates in this cohort were found 

to be higher than found in the general population of New Zealand, as others have reported 

elsewhere (Mazur et al., 2015). Complications were uncommon. Of the 14% of patients who 

were readmitted only four patients had gone on to develop the severe complication of 

Lemierre's syndrome. In all of these cases, the patients had positive PTA swabs for 

Citrobacter freundii. This is a novel microbial association as Lemierre’s syndrome is usually 

associated with Fusobacterium necrophorum (Panchavati, Kar, Hassoun, & Centor, 2017). 

Fusobacterium necrophorum was recovered in the pus specimens from 13% of patients in our 

cohort, but none of these patients went on to develop Lemierre’s syndrome.  

We suggest that all patients with PTA undergo needle aspiration followed by incision and 

drainage and at least one dose of intravenous antibiotics. Aspiration should be undertaken 

before incision and drainage so that the anatomical location of the PTA can be more safely 

identified. An injury to a surrounding structure with a needle should theoretically cause less 

harm than a scalpel. Also, if no pus is aspirated, then the patient either has peritonsillar 

cellulitis or early inflammatory response and incision, and drainage would not be warranted. 

We advocate surgical management in the treatment of PTA given the low complication rate 

associated with it. Also, over 70% of patients in this cohort were prescribed antibiotics prior 

to admission and disease worsened despite this. In very few cases did a culture of the aspirate 

change management, so this reasonably expensive laboratory test could be dispensed with 

without any impact on management. Patients should be started on extended spectrum 

antibiotics that will cover anaerobic bacteria. Our recommendation would be a combination 

of penicillin and metronidazole or amoxicillin-clavulanic acid alone. However, this decision 
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should be made in conjunction with your local department of infectious diseases. Intravenous 

dexamethasone should be given in all instances for its potent anti-inflammatory and analgesic 

effects. 

It is reasonable to discharge patients following surgical therapy and a single dose of 

intravenous antibiotics if the inflammatory markers do not indicate significant systemic 

infection. We would recommend that patients with a WCC of more than 20 E+9/L or a 

neutrophil count of more than 16 E+9/L be admitted for at least 24 hours of intravenous 

antibiotics. Patients who have more than 6mls of pus aspirated and drained should also be 

admitted, and antibiotics continued. Despite our combined medical and surgical treatment 

regime, we had a higher readmission rate compared with national figures from the USA (14% 

compared with 1.8-2.3%) (Johnson, 2017). Patients who were readmitted had more severe 

disease at baseline, and the most common reason for readmission was recollection of pus. 

This suggests that these are the patients who need to be admitted for more extended periods 

of intravenous antibiotics. Elective tonsillectomy was only performed in 11% of our patients. 

This suggests only a small proportion of patients have recurrent tonsillar infections following 

PTA and therefore we would not advocate for routine elective tonsillectomy following 

admission with PTA. 

 

8.6 Conclusions 
 

Most patients who are treated at our institution with PTA have already seen a GP in the 

community before presentation and have been prescribed a course of oral antibiotics. Once 

referred, all patients undergo needle aspiration followed by incision and drainage of the PTA 

and then are given intravenous antibiotics. A quarter of patients were discharged on the day 

of admission. Recollection of PTA was the most common cause of readmission. 
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Complications were uncommon with only four patients developing Lemierre's syndrome. 

Patients who were readmitted had worse objective measures of infection at the time of initial 

presentation to the hospital. 

An unexpected finding from this study was that only one quarter of patients who presented 

with PTA had a history of RT. As such it seems timely that an investigation into the 

microbiome of the PTA and ipsilateral tonsil be undertaken to determine if the two 

microbiomes are related. If so, could an infected tonsil lead to PTA? Or is the Weber’s gland 

hypothesis a more logical theory for the development of PTA. This distinction is an important 

one to make given that PTA is a common indication for tonsillectomy. In the next chapter 

this very question is investigated.  
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CHAPTER 9. THE MICROBIOME OF PERITONSILLAR 
ABSCESS AND ITS RELATIONSHIP TO THE MICROBIOME OF 
THE IPSILATERAL TONSIL AND OROPHARYNX 
 

9.1 Abstract 
 

9.1.1 Background 
 

There is still uncertainty regarding the pathogenesis of peritonsillar abscess (PTA). The two 

most commonly accepted theories include the acute tonsillitis hypothesis and the Weber 

gland hypothesis. Culture-independent molecular surveys based on 16S rRNA sequencing are 

now being employed to determine the microbiota of the oral cavity, including tonsils.  

Determination of the entire microbiome found in PTA aspiration samples is not only useful to 

ensure that findings correlate with culture-based studies. It also allows us the ability to 

compare the microbiome from sites around the peritonsillar abscess, such as the tonsil and 

oropharynx. This study aimed to determine the microbiome of PTA and correlate this with 

the microbiome of the ipsilateral tonsil crypts and oropharynx of patients presenting acutely 

with PTA.  

 

9.1.2 Methods 
 

Adult patients (n=19, mean age 29 years) presenting acutely to the hospital with PTA were 

recruited for this study. At the time of aspiration under local anaesthesia, swabs were 

collected from the PTA pus, the ipsilateral tonsil crypts, and the oropharynx from each 

participant. Bacterial 16S rRNA gene-targeted amplicon sequencing was used to determine 

the bacterial composition of the collected samples. 
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9.1.3 Results 
 

Our results indicate that there is no variation in bacterial community composition between 

oropharyngeal and tonsil crypt swab samples. However, there is significant variation between 

the oropharyngeal and PTA samples. There was also significant variation between the tonsil 

crypt swabs and PTA samples. Fusobacterium was the most abundant bacterial genus in the 

PTA samples. This finding is consistent with previously performed culture-based studies. 

 

9.1.4 Conclusions 
 

The difference in bacterial community composition between the PTA and ipsilateral tonsil 

samples suggests that PTA exists in the absence of a concurrent tonsillar infection dominated 

by the same bacterial genus. The microbiota of the tonsil and oropharyngeal samples are 

reflective of the healthy oral microbiome. This suggests there is an absence of significant 

infection in the oral cavity during times of PTA. These findings may have implications for 

our understanding of the pathogenesis of PTA. 

 

9.2 Introduction 
 

Peritonsillar abscess (PTA) is the most common deep space neck infection with a mean 

annual incidence rate of between 9 and 41 cases per 100,000/year (Klug, Rusan, Fuursted, & 

Ovesen, 2016). It is a collection of pus that forms between the lateral tonsillar capsule and the 

pharyngeal constrictor muscle (Johnston, Stretton, Mahadevan, & Douglas, 2018e; Klug, 

2017). Patients present to hospital acutely with symptoms of unilateral throat pain, often with 

radiation to the ear. It is associated with odynophagia, decreased oral intake, and systemic un-
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wellness (Galioto, 2017; Klug, 2017). Signs of the disease include swelling of the affected 

soft palate with a deviation of the uvula to the unaffected side, trismus, fever, and associated 

cervical lymphadenopathy (Johnson, Stewart, & Wright, 2016; Lepelletier et al., 2016). 

Imaging is rarely necessary unless an extension of disease into the parapharyngeal space is 

suspected (Galioto, 2017). Diagnosis is made clinically, and treatment consists of a 

combination of intravenous antibiotic therapy and aspiration, followed by incision and 

drainage, usually under local anaesthetic (Galioto, 2017; Johnston, Stretton, Mahadevan, & 

Douglas, 2018e; Klug, 2017).  

There is ongoing debate as to the pathogenesis of PTA (Klug et al., 2016; Marom et al., 2010; 

Rusan et al., 2012). The two most commonly accepted theories include the acute tonsillitis 

hypothesis and the Weber gland hypothesis (Johnston, Stretton, Mahadevan, & Douglas, 

2018e; Kaltiainen et al., 2017; Klug et al., 2016). The acute tonsillitis theory suggests that 

during an episode of acute tonsillitis bacteria migrate from the tonsillar crypts, through the 

tonsil, and into the peritonsillar space. When the bacteria reach this theoretically sterile space, 

they cause peritonsillar inflammation which progresses to abscess formation. However, there 

is no good evidence to suggest how bacteria enter the peritonsillar area, given that the tonsil 

crypts are separated from this space by the tonsil capsule (Klug et al., 2016). The Weber 

gland hypothesis suggests that a blockage in the common duct from Weber's glands causes a 

localized salivary gland infection that progresses to a PTA (Klug et al., 2016; Passy, 1994). 

These theories may not be completely independent in that tonsillitis may result in the 

blockage of the common duct, thus initiating the process (Klug et al., 2016; Passy, 1994; E. 

L. Powell, Powell, Samuel, & Wilson, 2013).  

There is still uncertainty regarding the pathogenesis of PTA. Based on the current literature, 

the acute tonsillitis theory is preferred (Klug et al., 2016). This is because the two main 

pathogens in PTA, as reported by culture-based studies, are Group A Streptococci (GAS) and 
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Fusobacterium necrophorum. Both bacterial species are recovered from PTA pus aspirates 

and tonsil swabs during times of RT (Johnston, Stretton, Mahadevan, & Douglas, 2018e; 

Klug, 2017; Lepelletier et al., 2016). However, culture-based studies that have been used to 

determine the pathogenesis of PTA are limited. This is because culture-based studies can 

only detect a few of the most abundant bacteria found in the sampled tissue (Johnston & 

Douglas, 2018a). Culture-independent molecular surveys based on 16S rRNA sequencing are 

now being employed to determine the microbiota of the oral cavity, including tonsils (Jensen 

et al., 2013; Johnston, Hoggard, Biswas, Astudillo-García, Radcliff, et al., 2018a; Johnston, 

Hoggard, Biswas, Astudillo-García, Waldvogel-Thurlow, et al., 2018b; Ren et al., 2013).  

However, to our knowledge, this technology has not yet been utilized to assess the 

microbiome of PTA. Determination of the entire microbiome found in PTA aspiration 

samples is not only useful to ensure that findings correlate with culture-based studies. It also 

allows us the ability to compare the microbiome from sites around the peritonsillar abscess, 

such as the tonsil and oropharynx. This may offer new insights into the pathogenesis of PTA. 

This study aimed to determine the microbiome of PTA and correlate this with the 

microbiome of the ipsilateral tonsil crypts and oropharynx of patients presenting acutely with 

PTA.  

 

9.3 Methods 
 

9.3.1 Patient Information 
 

Nineteen participants who presented to Auckland District Health Board emergency 

department with PTA were recruited for this study and swabs were collected from the PTA 

pus, the ipsilateral tonsil crypts, and the oropharynx from each participant. Participants were 
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required to be over the age of 16 years and have a PTA diagnosis confirmed with the 

aspiration of pus under local anaesthetic. Written consent was obtained from each participant, 

and ethical approval from the New Zealand Health and Disability Ethics Committee 

(18/CEN/125) was received for this study. 

The following demographic data were collected: age, sex, and ethnicity. Clinical data that 

were collected included tobacco use, history of recurrent tonsillitis, asthma, type 2 diabetes 

mellitus, antibiotics prescribed in the community, duration of symptoms prior to admission, 

culture swab prior to and during hospitalization, side of PTA, number of prior presentations 

with PTA, and method of inpatient treatment of PTA. All medications prescribed while an 

inpatient, as well as laboratory and radiological investigations performed, were reviewed. 

Outcome data included the length of hospital stay, discharge medications, 30-day 

readmission rate, and associated complications. Patient demographics and clinical 

characteristics were summarized using descriptive statistics. 

 

9.3.2 Sample Collection 
 

An otolaryngology resident performed aspiration and incision and drainage of each PTA in 

the emergency department following administration of local anaesthetic. Pairs of sterile 

rayon-tipped swabs (Copan, #170KS01) were used to swab the crypts of the ipsilateral tonsil, 

oropharynx, and aspirated PTA pus. Swabs were collected before administration of 

intravenous antibiotics. Immediately following collection, the tip of each swab and the 

individual tissue samples were removed aseptically and placed in a sterile 1.5 mL Eppendorf 

tube containing RNAlaterÒ. All tubes were labelled and stored at -20°C until further 

analysis.  
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9.3.3 DNA Extraction 
 

Two replicate swabs from each sample site were thawed on ice and placed together into a 

sterile Lysing Matrix E tube (MP Biomedicals, Australia). Genomic DNA was extracted from 

the swab and tissue samples using the AllPrep DNA/RNA Isolation Kit (Qiagen) following 

the manufacturer's instructions and eluted in 30 μL of DNase-free water. Cells were ruptured 

using a Qiagen TissueLyser II at 25 m/s for 2 × 40 s. The quality and quantity of genomic 

DNA were measured on a Nanodrop 3300 fluorospectrometer.  

 

9.3.4 Bacterial 16S rRNA Gene sequencing 
 

The V3-V4 region of the bacterial 16S rRNA gene was amplified from the extracted genomic 

DNA using primers 341F and 803R (Herlemann et al., 2011). Sample preparation for 

amplicon sequencing was as described previously (Hoggard et al., 2017), with some minor 

modifications. In brief, the aforementioned 16S rRNA gene-targeting primers, complete with 

Nextera DNA library Prep Kit adaptors, were used in equimolar concentrations (0.2 μM) 

together with dNTPs (0.2 µM), HotStar PCR buffer (x1), MgCl2 (2 mM), 0.5U HotStar DNA 

polymerase (Qiagen, Germany) and PCR-certified water to a final volume of 25 μL. PCR 

amplification was performed in an Applied Biosystems Thermal Cycler for 35 cycles. 

Negative PCR controls (without the addition of genomic DNA) were included for all PCR 

reactions, with no detectable PCR product. Amplified products were purified using 

Agencourt AMPure beads (Beckman Coulter Inc. United States) and quantified using Qubit 

dsDNA High-Sensitivity (Life Technologies, United States). Equimolar concentrations of 

prepared amplicons for 57 samples in total (including PTA aspirate swabs, tonsil swabs, and 

oropharyngeal swabs) for 19 participants were submitted to the sequencing provider 
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(Auckland Genomics Ltd., Auckland, New Zealand) for library preparation and sequencing 

on the Illumina MiSeq platform (2 x 300 bp paired-end reads).  

 

9.3.5 Bioinformatic Analyses 
 

Processing of obtained sequence reads was carried out as described previously (Hoggard et 

al., 2017). Briefly, sequences were merged and quality filtered in USEARCH (Edgar, 2010; 

Edgar & Flyvbjerg, 2015). Sequences were clustered using the UCLUST algorithm into 

operational taxonomic units (OTUs) based on 97% sequence similarity (Edgar, 2013). OTUs 

were taxonomically assigned in QIIME (Caporaso et al., 2010) using the SILVA database (v. 

128) (Quast et al., 2013). Samples were rarefied to an even sequencing depth of 2000 reads 

per sample for further analysis. Beta-diversity distance matrices (based on weighted and 

unweighted UniFrac (Lozupone et al., 2011)) were calculated in QIIME.  

 

9.3.6 Statistics 
 

Diversity indices (including Shannon–Wiener index and Inverse-Simpson index) and 

rarefaction curves were calculated for all samples from OTU tables using QIIME (Caporaso 

et al., 2010), and then values were formally compared using Student’s t-test and the Kruskal-

Wallis test. The Adonis function in Calypso (Zakrzewski et al., 2017) was used to analyse the 

impact of the sampling site. An ANOVA test was performed to compare the 20 most 

abundant OTUs by sample site in the PTA, tonsil, and oropharynx using Calypso 

(Zakrzewski et al., 2017). Pairwise comparisons of site-specific differences in relative 

abundance were calculated using the Kruskal-Wallis test followed by Dunn's test of multiple 

comparisons with Bonferroni adjustment. Non-metric multidimensional scaling (nMDS) plots 
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were constructed using R software (version 3.3.0) (Team, 2014) based on weighted and 

unweighted UniFrac distance matrices. 

 

9.4 Results 
 

9.4.1 Participant information 
 

Nineteen participants with PTA were included in the study analysis. The mean age was 29 ± 

5.9 years (range 23 – 35 years). Demographic and clinical characteristics are summarised in 

table 1. Before hospital presentation, participants had symptoms for a mean of 4 ± 0.6 days 

(range 3 - 5 days). 84% of participants visited a general practitioner (GP) at least once before 

specialist referral. 79% were prescribed antibiotics before admission. 63% of participants had 

a throat swab before hospital admission to identify GAS, but this organism was cultured in 

only 32% of these participants. Ten participants presented with right-sided PTA and nine 

with left-sided PTA.   

Table 1. Demographic characteristics and medical comorbidities of participants with PTA 

Demographic characteristics and 

medical comorbidities 

Number of patients 

(n=19) 

Percentage 

Gender   

Female 12  63% 

Male 7 37% 

Ethnicity   
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New Zealand European 11  58% 

Asian 5 26% 

Maori 3 16% 

Tobacco   

Never smoked 16 84% 

Currently smoking 3 16% 

History of recurrent tonsillitis    

Yes 9 47% 

No 10 53% 

Asthma   

No 19 100% 

Type 2 diabetes   

No 19 100% 

 

In the hospital, the mean length of stay was 2 ± 0.2 days (range 1.9 – 2.3 days). 74% of 

participants were prescribed a non-steroidal anti-inflammatory drug (NSAID), 58% were 

prescribed topical analgesia (benzydamine or lignocaine viscus), and all participants received 

intravenous dexamethasone and antibiotics following incision and drainage of the PTA. A 

mean of 7 ± 1.3 mL (range 5 – 8mL) of pus was aspirated. All aspiration sites in this cohort 
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were then incised and drained. 37% of patients had the cavity reopened after repeat clinical 

examination the following day after ward round review.  

At the time of aspiration, all participants had a pus swab sent for microscopy, culture, and 

sensitivities. The culture was reported as mixed oropharyngeal flora in 42%, mixed anaerobic 

and aerobic bacteria in 32%, mixed oral flora in 16%, Fusobacterium necrophorum in 5%, 

and Streptococcus anginosis in 5% of participants. Sensitivities were only reported in respect 

to one participant who had Streptococcus anginosis. This was sensitive to penicillin, 

erythromycin, and tetracycline.  

A full blood count was performed on all patients with PTA. The mean white cell count was 

14 ± 1.1 E+9/L (range 13 – 16 E+9/L), mean neutrophil count was 11 ± 1.3 E+9/L (range 10 

– 13 E+9/L), and mean C-reactive protein (CRP) was 75 ± 18 mg/L (range 56 – 93 mg/L). 

An infectious mononucleosis screen was performed on one participant; this was negative. No 

participants in this cohort required imaging. No participants were readmitted within 30 days 

of discharge with an associated complication. 

 

9.4.2 Bacterial community composition and diversity variation between PTA and ipsilateral 
tonsil 
 

The PTA sample site was compared with that of the ipsilateral tonsil from each participant. 

At the genus level, the PTA swab samples were dominated by Fusobacterium (47.2%), 

Prevotella (13.1%), Porphyromonas (12.6%), Streptococcus (5.8%), and Parvimonas (3.9%). 

Other genera collectively comprised a smaller proportion (17.4%) of the bacteria present. At 

the genus level, the ipsilateral tonsil swab samples were dominated by Fusobacterium (23%), 

Prevotella (22.1%), Streptococcus (16.4%), Veillonella (5.6%), and Leptotrichia (3.8%), and 

Actinomyces (2.1%). Other genera collectively comprised a smaller proportion (27%) of the 
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bacteria present. Considerable variability in bacterial community composition between 

subjects was observed at OTU levels (Figure 1).  

 

Figure 1. Bacterial community composition of the peritonsillar abscess (PTA), tonsil (TON), 

and oropharyngeal (ORO) swab samples of 19 participants with PTA at OTU level. The 

dominant OTUs within the samples are shown. When available the associated bacterial genus 

is displayed next to the associated OTU. 

 

Adonis was used to analyse the impact of the sampling site on the multi-species community 

structure. Partitioning the data based on whether they were PTA or ipsilateral tonsil samples 

did significantly explain variability in the data (p<0.001). ANOVA tests were performed to 

compare the 20 most abundant OTUs by sample site (PTA versus ipsilateral tonsil). This 

revealed that there was a higher relative abundance of OTUs 2, 10, and 146 (Streptococcus, 

p<0.001); OTU 34 (Actinomyces, p<0.001); OTU 8 (Haemophilus, p<0.001); OTU 7 and 67 

(Veillonella, p<0.001); OTU 5 (Leptotrichia, p<0.001); OTUs 4, 16, and 20 (Prevotella, 

p<0.001, p<0.001, and p=0.001 respectively); OTU 32 (Porphyromonas, p<0.001); OTU 12 
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(Neisseria, p=0.002); and OTU 13 (Alloprevotella, p=0.002). Alpha diversity indices differed 

significantly between the microbial communities of the two sample sites (Shannon-Wiener 

p<0.001); Inverse-Simpson p<0.001) (Figure 2).  

 

Figure 2. Alpha diversity indices of the peritonsillar abscess (PTA), tonsil (TON), and 

oropharyngeal (ORO) swab samples of 19 participants with PTA at OTU level. *** indicates 

a significance level of p<0.001.  

 

9.4.3 Bacterial community composition and diversity variation between PTA and oropharynx 
 

The PTA sample site was compared with that of the oropharynx from each participant. At 

genus level, the oropharyngeal swab samples were dominated by Streptococcus (26.6%), 

Prevotella (14.7%), Fusobacterium (10.2%), Veillonella (6.8%) Haemophilus (5.8%), 

Neisseria (5.4%), and Leptotrichia (4.7%), Other genera collectively comprised a smaller 

proportion (25.8%) of the bacteria present.  

Adonis was used to analyse the impact of the sampling site on the multi-species community 

structure. Partitioning the data based on whether they were PTA or oropharyngeal samples 

did significantly explain variability in the data (p<0.001). ANOVA tests were performed to 

compare the 20 most abundant OTUs by sample site (PTA versus oropharynx). This revealed 
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that there was a higher relative abundance of OTUs 2, 10, and 146 (Streptococcus, p<0.001); 

OTU 34 (Actinomyces, p<0.001); OTU 8 (Haemophilus, p<0.001); OTU 7 and 67 

(Veillonella, p<0.001); OTU 5 (Leptotrichia, p<0.001); OTUs 4, 16, and 20 (Prevotella, 

p<0.001, p=0.001, and p=0.01 respectively); OTU 32 (Porphyromonas, p<0.001); OTU 12 

(Neisseria, p=0.002); and OTU 13 (Alloprevotella, p=0.001). Alpha diversity indices differed 

significantly between the microbial communities of the two sample sites (Shannon-Wiener 

p<0.001); Inverse-Simpson p<0.001) (Figure 2). 

 

9.4.4 Bacterial community composition and diversity variation between ipsilateral tonsil and 
oropharynx 
 

The ipsilateral tonsil sample site was compared with that of the oropharynx from each 

participant. Adonis was used to analyse the impact of the sampling site on the multi-species 

community structure. Partitioning the data based on whether they were ipsilateral tonsil or 

oropharyngeal samples did not significantly explain variability in the data (p=0.37). ANOVA 

tests were performed to compare the 20 most abundant OTUs by sample site (ipsilateral 

tonsil versus oropharynx). This revealed that there were no significant differences in the 

relative abundance of OTUs between these two sample sites. Alpha diversity indices did not 

differ between the microbial communities of the two sample sites (Shannon-Wiener p=0.92); 

Inverse-Simpson p=0.82) (Figure 2). 

 

9.5 Discussion 
 

PTA is widely accepted as a complication of acute tonsillar infection (Klug et al., 2016). 

While the exact mechanism is not known, it is assumed that pathogenic bacteria in the oral 
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cavity are responsible for PTA (Klug, 2017). During this infection, these bacteria manage to 

invade the space between the tonsil and pharyngeal constrictor muscle, which results in PTA 

(Klug et al., 2016). Culture-based methods have been utilised to determine the pathogenic 

bacteria associated with PTA (Ehlers Klug et al., 2009; Mazur et al., 2015; Prior, 

Montgomery, Mitchelmore, & Tabaqchali, 1995; Tachibana et al., 2016). The most 

commonly associated bacterial species involved in PTA has been reported to be 

Fusobacterium necrophorum (Ehlers Klug et al., 2009; Klug, 2017). Culture-based methods 

are limited in the sense that only a few bacterial species can be identified and this does not 

represent the entire bacterial community in a swab sample. Also, culture reports from hospital 

laboratories are often of little clinical use. In this cohort, 90% of reports failed to identify a 

single bacterial pathogen. Instead, reports would read; mixed oropharyngeal flora, mixed 

anaerobic and aerobic bacteria, and mixed oral flora. A single bacterial pathogen with 

associated antibiotic sensitivities was only reported in one patient. This supports the 

previously reported notion that culture in patients presenting with PTA can be dispensed with 

in the clinical setting (Johnston, Stretton, Mahadevan, & Douglas, 2018e). To our knowledge, 

this is the first time that molecular methods have been used to determine the microbiome of 

PTA. Also, we have performed molecular methods on samples from the ipsilateral tonsil and 

oropharynx in these participants. The purpose for this was to determine if the bacterial 

community composition of the oral cavity is reflective of that found in PTA.  

Our findings suggest that when an oropharyngeal surface swab is compared with an 

ipsilateral tonsil crypt swab, there is no significant difference in the relative abundance or 

diversity of the microbial community. The bacterial community composition of samples from 

these two sites is reflective of the broader oral cavity microbiome in health (Krishnan, Chen, 

& Paster, 2017; Le Bars et al., 2017; Zaura, Keijser, Huse, & Crielaard, 2009). Importantly, 

this study identified that the oropharyngeal and tonsil microbiota differed in both 
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composition and diversity when compared to PTA samples. In this cohort, PTA samples were 

dominated by the bacterial genus Fusobacterium, which accounted for almost half of the 

relative abundance of bacteria in these samples. This finding is consistent with culture-based 

studies (Ehlers Klug et al., 2009). While the oropharyngeal and tonsil samples still had a high 

relative abundance of Fusobacterium. They also had a high relative abundance of 

Streptococcus and Prevotella. Both of these bacterial genera are common oral cavity 

commensals and not necessarily associated with disease (Krishnan et al., 2017; 

Samaranayake & Matsubara, 2017). These findings indicate that PTA exists in the setting of 

a potentially healthy oral microbiome. Neither the oropharyngeal or tonsil samples were 

dominated by a single bacterial genus commonly associated with the disease. 

Differences observed between the bacterial community composition of the oropharyngeal and 

tonsil swabs versus PTA swabs does not disprove the theory that pathogenic bacteria that 

result in PTA arise from the oral cavity. It is highly probable that when oral bacteria reach the 

peritonsillar space, an opportunistic pathogen dominates abscess formation. In the case of 

PTA, Fusobacterium is the most probable culprit at the genus level and more specifically, 

Fusobacterium necrophorum at the species level. 

It is still not clear if PTA is associated with acute tonsillar infection. In a retrospective case 

series of 1773 PTA patients at our institution, it was observed that only 26% of patients 

presenting with PTA had a history of tonsillitis (Johnston, Stretton, Mahadevan, & Douglas, 

2018e). 85% of participants in this cohort did not have hyperplastic or exudative tonsils at the 

time of presentation with PTA. This is important to consider, given that PTA (especially 

recurrent) is one of the indications for performing tonsillectomy (Raut & Yung, 2000). 

Participants in this cohort presented with several days of oropharyngeal pain and 

odynophagia. Symptoms that initially cannot be differentiated from viral pharyngitis. It is 

possible that viruses play a role in the pathogenesis of PTA (Rusan et al., 2012). Viral 
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pharyngitis could cause oedema resulting in a blockage of the common duct of Weber’s 

glands, resulting in a localized salivary gland infection that progresses to a PTA (Klug et al., 

2016; Passy, 1994).  

There are several limitations to this study. This is a small cohort of patients, and while the 

findings of this study demonstrate significant differences between groups, the small cohort 

size must be taken into account when interpreting these data. While 16S rRNA gene 

sequencing is a powerful tool to investigate the bacterial diversity and composition of 

samples, it would be advantageous to use this in parallel with other technologies (such as 

culture-based and whole genome sequencing) to gain further insights in the pathogenic nature 

of the bacteria present and their functional capabilities. Also, 79% of participants in this 

cohort were prescribed a course of antibiotics in days the preceding acute admission to the 

hospital. It is highly likely that these antibiotics affected the bacterial community 

composition of the oropharyngeal, tonsil, and PTA samples of participants in this cohort. 

This needs to be taken into account when interpreting these data. 

 

9.6 Conclusions 
 

Our results indicate that there is no variation in bacterial community composition between 

oropharyngeal and tonsil swab samples. However, this variation does exist between these 

samples and PTA samples. PTA samples were dominated by Fusobacterium, and this finding 

is consistent with previously performed culture-based studies (Ehlers Klug et al., 2009). The 

difference in microbiota between the PTA and ipsilateral tonsil suggests that PTA exists in 

the absence of a concurrent tonsillar infection dominated by the same bacterial genus. The 

microbiota of the tonsil and oropharyngeal samples reflect the healthy oral microbiome (Le 

Bars et al., 2017; Zaura et al., 2009). This suggests there is an absence of significant infection 
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in the oral cavity during times of PTA. These findings may have implications for our 

understanding of the pathogenesis of PTA.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 



 156 

CHAPTER 10. CONCLUSION AND DISCUSSION 
 

10.1 Major findings 
 

The studies that constitute this thesis were performed in order to better characterize the 

microbiome of adenotonsillar hyperplasia and its role in the pathogenesis of this common 

condition. In particular, the differences between patients who present with sleep disordered 

breathing symptoms were compared to those with infective symptoms. Many differences 

were observed, suggesting that these are significantly different disease processes. Children 

with recurrent tonsillitis were then studied to determine if treatment with antibiotics altered 

the microbiome and more importantly the natural history of the disease. This approach was 

repeated with a topical antibacterial agent to explore the possibility that topical therapies may 

provide an alternative to systemic therapy. Finally, the microbiology of peritonsillar 

abscesses was investigated. This condition has been regarded as a complication of recurrent 

tonsillitis. The microbiome of PTA has not been previously investigated, and the pathogenic 

association between tonsillar infection and PTA has not been established. The major findings 

from this thesis are summarised below. 

1) There is variation in bacterial diversity and composition based on sampling sites in the 

tonsils but not the adenoids. Sampling tonsils with swabs reveal a different microbiota 

concerning alpha diversity and composition than sampling with biopsies. The difference in 

microbiota between the surface and the tissue in tonsils may have implications for our 

understanding of the pathogenesis of recurrent tonsillitis and sleep-disordered breathing in 

children. 

2) There is an increasing number of children undergoing adenotonsillectomy for sleep 

disordered breathing symptoms. These children now outnumber those with infective 
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symptoms. Children with sleep disordered breathing symptoms have different perioperative 

characteristics than those with recurrent tonsillitis, including increased risk of postoperative 

bleeding and the need for post op readmission.  Therefore, management strategy may vary 

according to the indications for tonsillectomy and adenoidectomy.  

3) There are significant differences in the local lymphocyte response and bacterial 

community composition in tonsil tissue between RT and OSA patients. It suggests that the 

response to antibiotics used in the treatment of these two conditions may be different.  

4) The presence of lymphocytes in RT within the tonsil crypt outside the tonsil epithelium is 

a unique observation of the extra-mucosal location of these cells. 

5) The adenoid pathogen reservoir hypothesis is unlikely to be a significant contributor to 

OME. 

6) There is a significant alteration in the bacterial communities of tonsil tissue following a 

course of amoxicillin with clavulanate in children with RT. Amoxicillin with clavulanate 

significantly reduced bacterial taxa commonly associated with RT, as well as the number of 

bacterial microcolonies observed in the tonsillar crypts.  

7) Chlorhexidine mouthwash reduces the number of foci of pathogenic bacteria in the crypts 

of tonsils that have been found to contribute to the chronicity and recurrence of disease in 

RT. Chlorhexidine mouthwash may offer a non-invasive, topical alternative to treatment in 

patients with RT.  

8) Most patients who with PTA have already seen a primary practitioner before presentation 

and have been prescribed a course of oral antibiotics. Once referred, all patients undergo 

needle aspiration followed by incision and drainage of the PTA and then are given 

intravenous antibiotics. In our institution, quarter of patients were discharged on the day of 
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admission. Recollection of PTA was the most common cause of readmission. Complications 

were uncommon, with only four patients developing Lemierre's syndrome. Patients who were 

readmitted had worse objective measures of infection at the time of initial presentation to the 

hospital.  

9) The difference in bacterial community composition between the PTA and ipsilateral tonsil 

samples suggests that PTA exists in the absence of a concurrent tonsillar infection. The 

microbiota of the tonsil and oropharyngeal samples are reflective of the healthy oral 

microbiome. This suggests there is an absence of significant infection in the oral cavity 

during times of PTA. 

 

10.2 Discussion 
 

Hyperplasia of the adenoids and tonsils with or without infection causes a great deal of 

morbidity in both the adult and paediatric populations. Our knowledge of the microbiome has 

until recently been limited to traditional culture-based techniques. The studies in this thesis 

employed culture-independent molecular methods based on 16S rRNA sequencing to 

understand better the microbiome associated with ATH based on the surgical indication. 

One of the most important aspects of this thesis was to establish the potential for a differing 

microbiome based on sampling site within adenoid and tonsil tissue. Histological studies 

suggest that the location of bacterial species differ depending upon the anatomical site in the 

adenotonsillar tissues (Stępińska et al., 2014; Swidsinski et al., 2007). Previous research 

investigating the microbiome of adenoid and tonsil tissue is based on single sampling sites. 

Given the large size and morphological differences of adenotonsillar tissue based on site, we 

aimed to determine whether a difference in the microbiota existed based on the sampling 
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location and sampling method in adenoid and tonsil tissue. Our findings suggest that when an 

adenoid surface mucosal swab is compared with a tissue sample, there is no significant 

difference in the relative abundance or diversity of the microbial community. This is not the 

case for palatine tonsil tissue. We found that the palatine tonsil microbiota differed in both 

composition and diversity when crypt swab samples were compared to tissue samples 

(Johnston, Hoggard, Biswas, Astudillo-García, Radcliff, et al., 2018a). The understanding 

that bacterial community composition varies throughout tonsil tissue will enable more 

targeted approaches to ongoing research in this area. 

Following the recognition that the microbiome may differ based on the sampling site, the 

second goal of this thesis was to determine if the microbiome differed in patients with ATH 

based on presenting symptoms. It has only recently been recognized that children who 

undergo adenotonsillectomy have a range of symptoms. Some present with infective 

symptoms, others with obstructive symptoms, and many with a combination of both. We 

found that more children underwent adenotonsillectomy for the indication of SDB than those 

with RT and SDB/RT combined, emphasizing the importance of determining the difference 

in clinical characteristics that exist between these groups of patients. Importantly we 

identified that even in the absence of infective symptoms all children presenting for 

adenotonsillectomy were receiving the same number of courses of antibiotics.  

In regard to the difference in microbiome based on presenting symptoms. We observed that 

children with RT had a higher relative abundance of Parvimonas, Prevotella, and 

Treponema, while children with OSA had a higher relative abundance of Haemophilus and 

Capnocytophaga. We also noted that bacterial microcolonies were present in the crypts of 

tonsils in children with RT but were completely absent in the children with SDB. While 

observing bacterial microcolonies in the tonsil crypts of participants with RT, it was noted 

that lymphocytes appeared to be adherent to these microcolonies. This finding is significant 
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as many groups who have identified bacteria in tonsil crypts previously have also observed 

inflammatory cells in the crypt (Brandtzaeg, 2015; Mal et al., 2008). These cells have not 

previously been identified as lymphocytes. This highlights the fact that tonsil tissue has a 

unique immunological response to microorganisms. 

After establishing a better understanding of the adenotonsillar microbiome, it was important 

to investigate whether bacteria in the adenoids may be responsible for the development of 

middle ear disease. As such we investigated the pathogen reservoir hypothesis. Our findings 

did not actively support the hypothesis that adenoids harbour pathogenic bacteria that can be 

linked to those found in middle ear disease. This is an important clinical finding.  

After establishing the microbiome associated with RT, we aimed to investigate the effect of 

antibiotics on the microbiome of tonsillar tissue in children with RT using molecular 

techniques. We observed a significant difference in the microbiome of those children who 

received a one-week course of amoxicillin with clavulanate when compared with those who 

did not.  

As there are no currently recommended topical treatments deemed to be efficacious in the 

treatment of RT. We aimed to determine the effects of 0.2% chlorhexidine mouthwash on the 

bacterial microcolonies in the crypts of palatine tonsils in children with RT. We concluded 

that chlorhexidine mouthwash appears to be effective in significantly reducing the number of 

bacterial microcolonies that exist in the crypts of these participants with RT. 

Finally, we aimed to determine if a peritonsillar abscess is actually a complication of RT. We 

observed that a minority of patients with peritonsillar abscess had a history of RT. We 

sunsequently investigated the microbiomes and found that of peritonsillar abscess was similar 

to the microbiome of the ipsilateral tonsil. Our findings suggest that when an oropharyngeal 

surface swab is compared with an ipsilateral tonsil crypt swab, there is no significant 
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difference in the relative abundance or diversity of the microbial community. This suggests 

there is not a significant infection in the oral cavity during times of PTA. These findings 

indicate that peritonsillar abscess is unlikely a complication of RT, which disproves what is 

widely accepted in the literature (Klug et al., 2016). 

 

10.3 Future studies 
 

Future studies will need to investigate differences in adenotonsillar microbiome based on 

demographic and clinical symptoms to make progress towards establishing a relationship 

between microbiota and disease.  Bacterial microcolonies found in the crypts of children with 

RT will need to be investigated in great detail to determine the microbiome associated with 

RT. Studies performed in this thesis have concluded that it is very unlikely that pathogenic 

bacteria previously associated with RT, actually play a significant role in the disease process. 

Identifying the bacteria in these microcolonies may significantly alter the type of antibiotic 

therapy prescribed to these patients. Moreover, the lymphocytes identified in the 

extramucosal crypt space need to be investigated further. Lymphocytes have not previously 

been reported as being active in this way. Further investigation into the type of lymphocytes 

involved as well as mapping their migration patterns is vital to increase our understanding of 

the pathophysiology of RT. Also, given the observation of lymphocytes working in this 

manner is novel. It is possible that further investigation into the actions of these lymphocytes 

may increase our understanding of the function of lymphocytes in the body as a whole.  

When considering future studies, the potential for sample contamination with human DNA 

and RNA must be considered in the study design. These limitations must also be considered 

and mentioned when presenting data.  
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This thesis has identified differences in the clinical characteristics and microbiome of 

children who present with adenotonsillar hyperplasia. We have identified that the most 

common indication for adenotonsillectomy is now a combination of sleep disordered 

breathing and infective symptoms. The many criteria for surgical intervention are still based 

on infective symptoms alone. Further research needs to acknowledge this and generate new 

criteria. Pre-operative management of these children in the community also requires further 

investigation and an update of guideline recommendations. 

Importantly, further studies are required to investigate the efficacy of various treatments on 

the microbiome and histological findings in children with adenotonsillar hyperplasia. This 

thesis details two studies investigating the effects of both systemic and topical antibacterial 

agents on the microbiome of patients with RT. Future studies are required to investigate other 

common treatment regimes. Also, longitudinal studies are required to determine for how long 

the effects of antibacterial agents are maintained. This may give some indication as to 

whether or not the natural history of disease may be altered by these treatment modalities.  

We have shown that peritonsillar abscess exists in the presence of a healthy oral microbiome. 

Also, it appears that the majority of patients who present with peritonsillar abscess do not 

have a history of recurrent tonsillitis.  
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