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Abstract	

Chronic	otitis	media	with	effusion	(COME)	is	a	common	childhood	condition	in	which	ongoing	

fluid	 in	 the	middle	 ear	 causes	hearing	 impairment	 that	may	 lead	 to	delayed	 learning	 and	

development.	 I	 aimed	 to	 improve	 our	 understanding	 of	 the	 pathogenesis	 of	 COME	 by	

determining	 risk	 factors	 that	 were	 independent	 of	 potential	 confounders.	 A	 case-control	

design	 compared	 children	 aged	 3	 and	 4	 years	 having	 tympanostomy	 tube	 placement	 for	

COME	to	healthy	controls,	using	multivariable	analyses.	COME	was	strongly	associated	with	

upper	 respiratory	 infection	 and	 nasal	 obstruction.	 Higher	 serum	 25-hydroxyvitamin	 D	

(25(OH)D)	concentration	was	associated	with	a	reduced	risk	of	COME.	Children	with	COME	

had	a	 less	diverse	nasal	microbiota,	a	higher	abundance	of	pathogens,	fewer	commensals,	

and	profiles	dominated	by	one	or	two	taxa,	as	measured	by	culture-independent	methods.	

However,	pathogens	were	as	likely	to	be	present	in	healthy	children	as	in	cases.	COME	was	

also	associated	with	a	higher	serum	concentration	of	the	cytokines	IL-10	and	TNFa.	I	propose	

that	 viral	 respiratory	 infection	 triggers	 endogenous	 pathobionts	 dwelling	 in	 the	 nasal	

passages	in	a	biofilm	state	to	overgrow	and	release	virulent	dispersed	bacteria,	which	ascend	

the	Eustachian	tube.	The	COME-prone	child	is	more	likely	to	suffer	an	excessive	inflammatory	

response	 to	 the	presence	of	 these	otopathogens	 in	 the	middle	ear,	as	 reflected	by	 raised	

serum	 IL-10	 and	 TNFa	 concentration,	 resulting	 in	 goblet	 cell	 hyperplasia	 that	 produces	

chronic	 effusion.	 A	 more	 diverse	 nasal	 microbiota	 may	 help	 to	 protect	 against	 biofilm	

overgrowth,	 and	 higher	 25(OH)D	 concentration	 may	 reduce	 the	 risk	 of	 an	 excessive	

inflammatory	 response.	 Co-morbid	 nasal	 obstruction	 may	 result	 from	 a	 combination	 of	

biofilm	overgrowth	and	goblet	cell	hyperplasia	in	the	nasal	passages	of	the	at-risk	child.	My	

findings	establish	new	directions	for	the	investigation,	prevention,	and	treatment	of	COME.	
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1 Introduction	

1.1 A	leading	cause	of	childhood	deafness	

Otitis	media	with	effusion	(OME)	is	an	accumulation	of	fluid	called	effusion	in	the	middle	ear	

(ME)	 cavity,	 behind	 an	 intact	 tympanic	membrane,	without	 signs	 and	 symptoms	of	 acute	

infection.1,	2		

When	middle	ear	effusion	(MEE)	is	present,	the	movement	of	the	tympanic	membrane	and	

ossicular	chain	is	decreased.	This	reduces	the	vibration	of	the	ossicles	that	transmit	sound	to	

the	inner	ear,	resulting	in	hearing	impairment.3	When	the	effusion	is	present	for	longer	than	

three	months	the	condition	is	described	as	chronic	OME	(COME).2	COME	is	of	concern	due	to	

the	associated	prolonged	conductive	hearing	loss	of	around	20-30db,4	and	the	effect	this	may	

have	on	language	and	social	development.	The	prevalence	of	COME	is	estimated	to	be	5.5%	

in	two	year	old	children,5	making	it	one	of	the	leading	causes	of	prolonged	childhood	hearing	

loss.	

Despite	 its	 impact	on	child	health,	COME	is	the	 least	well	understood	form	of	otitis	media	

(OM).	The	acute	forms	of	OM	can	be	explained	to	a	large	extent	by	acute	bacterial	infection	

in	the	ME,	as	evidenced	by	bacterial	culture	from	effusions	and	the	effectiveness	of	antibiotic	

treatment.	The	same	 is	not	 true	of	COME,	 the	pathogenesis	of	which	 is	 still	debated.	The	

current	 state	 of	 knowledge	 of	 COME	will	 be	 outlined,	 gaps	 in	 our	 understanding	 will	 be	

highlighted,	and	the	role	of	the	current	research	in	bridging	those	gaps	will	be	described	with	

an	emphasis	on	updating	our	current	understanding	of	the	pathogenesis	of	COME	in	light	of	

our	findings.	
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1.2 Clinical	and	epidemiological	background	

1.2.1 The	otitis	media	continuum	

OM	is	an	umbrella	term	for	various	forms	of	inflammation	of	the	ME	that	are	closely	related.	

Acute	otitis	media	(AOM)	is	an	acute	inflammation	of	the	ME,	characterised	by	the	sudden	

onset	 of	 an	 infectious	 process.	 While	 MEE	 is	 present	 in	 both	 AOM	 and	 OME,	 AOM	 is	

additionally	characterised	by	erythema	(redness)	of	the	tympanic	membrane	or	otalgia	(ear	

pain),	and	can	be	accompanied	by	fever	and	irritability.2,	6	AOM	may	lead	to	perforation	of	

the	tympanic	membrane	and	discharge	of	purulent	fluid	called	otorrhoea,	a	condition	known	

as	chronic	suppurative	otitis	media	(CSOM)	if	it	lasts	for	at	least	two	to	six	weeks.7	AOM	is	

more	prevalent	in	children	six	to	12	months	of	age,8	whereas	OME	is	more	prevalent	between	

the	ages	of	two	and	five.9	

For	over	a	century	OME	was	considered	to	be	separate	in	origin	and	nature	from	the	other	

forms	of	OM.	However,	since	the	late	1960s	it	has	been	increasingly	common	for	OME	to	be	

viewed	as	closely	related	to	the	other	members	of	the	OM	“family”	of	conditions,	which	are	

often	described	as	a	continuum.10-14	

It	is	important	to	effectively	differentiate	between	the	subtypes	of	OM	to	ensure	consistent	

diagnosis,	treatment,	and	clarity	of	communication.15	This	has	been	complicated	by	varied	

use	of	 terminology	 in	 the	 literature.	The	term	OME	has	been	 increasingly	accepted	as	 the	

common	usage	 since	 it	was	 recommended	by	an	OM	symposium	 in	1978,	however	other	

terms	are	still	sometimes	used	including	secretory,16,	17	non-suppurative,	serous,	and	mucoid	

OM.18,	19	Historically,	the	terms	exudative,	catarrhal,	and	seromucinous	were	also	used.20		
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1.2.2 Detection	and	diagnosis	

Due	to	its	relatively	asymptomatic	nature,	OME	is	sometimes	described	as	a	“silent”	disease.9,	

21,	 22	Unlike	AOM,	which	 is	 often	 apparent	 to	 the	 child	 and	 their	 parent	 immediately	 and	

frequently	a	cause	of	distress	and	doctor	visits,	OME	can	go	undetected	for	months	at	a	time	

due	to	the	absence	of	acute	symptoms.	The	prevalence	of	COME	has	therefore	historically	

been	under-estimated,	 as	measurements	of	 the	duration	of	 the	effusion	 require	 frequent	

monitoring	of	a	cohort.23		

Diagnosis	of	OME	presents	challenges	not	only	for	general	practitioners	and	paediatricians	

but	 also	 for	 ENT	 surgeons.24	 The	 gold	 standard	 against	 which	 other	 diagnostic	 tests	 are	

measured	is	myringotomy	or	tympanocentesis,	to	directly	assess	the	presence	of	effusion.1,	

25,	26	However,	myringotomy	is	too	invasive	to	be	used	as	a	diagnostic	tool	in	clinical	practice.	

According	 to	 the	 American	 Academy	 of	 Family	 Physicians,	 pneumatic	 otoscopy	 is	 the	

equipment	 of	 choice	 supplemented	 with	 tympanometry,1	 although	 these	 tools	 can	 be	

problematic	when	used	with	young	infants	due	to	the	narrow	external	auditory	canal,	mobile	

canal	wall,	less	mobile	tympanic	membrane,27	and	lack	of	cooperation.28	Wax	in	the	external	

ear	canal,	absence	of	pneumatic	otoscopy,	and	lack	of	training	in	distinguishing	signs	of	OME	

can	also	present	obstacles	to	correct	diagnosis.	

Pneumatic	otoscopy	allows	the	appearance	and	mobility	of	the	tympanic	membrane	to	be	

assessed,	enabling	differentiation	of	OME	and	AOM.	The	presence	of	MEE	 is	 indicated	by	

bulging	 or	 limited	 mobility	 of	 the	 tympanic	 membrane,	 or	 an	 air-fluid	 level	 behind	 the	

tympanic	membrane.	A	2002	meta-analysis	of	diagnostic	approaches	found	that	pneumatic	

otoscopy	had	the	best	receiver	operating	characteristics	for	MEE	with	94%	sensitivity	and	80%	
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specificity,	but	also	noted	that	accuracy	of	pneumatic	otoscopy	may	be	dependent	on	user	

proficiency.26	

Tympanometry	is	useful	as	an	objective	measure	of	the	presence	of	MEE.	Studies	have	varied	

in	their	use	of	tympanometric	results	to	confirm	the	diagnosis	of	OME,	typically	either	using	

a	Type	B	result	alone	or	also	including	Type	C2.	Type	B	indicates	a	lack	of	immittance	of	sound	

into	the	middle	ear	and	is	suggestive	of	MEE,	whereas	Type	C2	indicates	a	very	low	middle	

ear	pressure.	The	meta-analysis	described	above	also	reported	that	Type	B	alone	had	81%	

sensitivity	and	74%	specificity	for	detecting	MEE,	whereas	Type	B/C2	had	94%	sensitivity	and	

62%	specificity,	suggesting	that	the	use	of	both	Type	B	and	C2	casts	a	wider	net,	picking	up	

more	cases	of	MEE	but	also	more	individuals	without.26	

Audiometry	 is	 sometimes	 used	 to	 assess	 whether	 people	 with	 COME	 have	 a	 clinically	

significant	 degree	 of	 hearing	 loss,	which	 is	 an	 important	 consideration	when	determining	

whether	tympanostomy	tube	placement	(TTP)	is	advisable.	Degree	and	duration	of	bilateral	

hearing	loss	are	key	measures	of	the	severity	of	COME,2	although	hearing	loss	is	not	specific	

to	COME.9	

1.2.3 Natural	history	

OME	is	extremely	common	in	childhood.	As	many	as	50%	of	infants	may	have	an	occurrence	

of	OME	by	the	age	of	nine	months,28	with	80%	to	90%	of	children	experiencing	it	by	the	time	

they	reach	school	age.29,	30	The	estimated	prevalence	rates	in	children	up	to	six	years	of	age	

ranges	from	10-30%,	according	to	studies	 in	several	countries	 including	New	Zealand	(NZ),	

United	Kingdom	(UK),	United	States	(US),	Denmark,	Netherlands,	Italy,	and	Japan.11,	18,	31-33	

Studies	 that	have	 looked	at	prevalence	 rates	 for	 children	older	 than	 six	 years	have	 found	
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lower	rates.	In	Greek	children	aged	six	to	twelve	years,	prevalence	rates	were	6.5%	and	in	UK	

children	older	than	six	years	the	prevalence	rates	were	under	10%.33,	34	COME	prevalence	has	

been	 estimated	 to	 be	 around	 5.5%	 percent	 in	 two-year-old	 children.5	 A	 study	 of	 Italian	

children	aged	five	to	14	years	found	a	prevalence	of	6.8%	for	OME	that	persisted	for	at	least	

three	months.35	A	study	of	Turkish	children	aged	five	to	12	reported	a	prevalence	of	8.7%.36	

TTP	has	been	reported	to	range	from	6.8%	in	the	US	by	three	years37	to	27%	in	Danish	children	

by	seven	years.38	

While	OME	 is	 highly	 prevalent	 in	 young	 children,	 it	 often	 resolves	 spontaneously.	A	 2003	

systematic	 review	and	meta-analysis	 of	 natural	 history	 studies	 reported	 that	 in	OME	 that	

followed	 AOM,	 the	 rate	 of	 spontaneous	 resolution	 within	 three	 months	 was	 74%.	 The	

resolution	rate	was	lower	in	OME	of	unknown	duration,	resolving	spontaneously	within	three	

months	in	28%	of	cases,	and	resolving	within	six	months	in	42%	of	cases.	The	outlook	was	

even	poorer	for	resolution	of	OME	that	had	been	diagnosed	as	chronic	(i.e.	already	present	

for	 at	 least	 3	 months),	 with	 only	 33%	 of	 cases	 resolving	 spontaneously	 within	 a	 year.39	

Another	2003	meta-analysis	reported	similar	results,	with	OME	of	unknown	duration	having	

resolved	in	22.5%	of	cases	at	three	month	follow-up.26	Resolution	rates	for	OME	that	started	

independently	of	AOM	with	a	known	start	date	have	not	been	reported,	as	the	condition	is	

often	not	detected	immediately.	

1.2.4 Complications	

Several	 longitudinal	 cohort	 studies	 have	 assessed	 whether	 hearing	 loss	 due	 to	 OME	 is	

associated	 with	 adverse	 learning	 outcomes.	 A	 2004	 study	 performed	 meta-analyses	 of	

prospective	studies	and	randomised	controlled	 trials	 (RCTs).	 In	children	aged	three	 to	 five	

years,	those	with	OME	had	somewhat	poorer	receptive	and	expressive	language.40	Examining	
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effects	in	later	childhood,	a	prospective	study	of	seven	year	old	children	found	that	more	time	

spent	 with	 effusion	 before	 age	 four	 years	 was	 associated	 with	 worse	 results	 in	 tests	 of	

intelligence,	reading,	and	mathematics,	however	time	spent	with	effusion	between	four	and	

seven	years	of	age	was	not.41	Further,	a	 large	NZ	cohort	 study	 found	 that	children	with	a	

history	of	OME	had	more	behavioural	problems,	lower	IQ,	and	more	reading	deficits	even	into	

their	teenage	years.42	Other	possible	complications	of	OME	are	bone	resorption,	retraction	

pockets,12	and	damage	to	the	tympanic	membrane.43	TTP,	often	used	for	the	treatment	of	

OME,	 can	 cause	 a	 number	 of	 complications	 including	 tympanosclerosis,	 adhesive	 OM,	

ossicular	discontinuity,	otorrhea	and	cholesteatoma.19	

1.2.5 Burden	of	disease	

The	economic	costs	associated	with	OME	have	not	been	comprehensively	studied.	COME	is	a	

significant	economic	and	societal	burden	with	high	medical	and	surgical	costs,	cost	of	public	

screening,	loss	of	earnings,	and	decreased	productivity	due	to	parental	days	off	work.	Most	

studies	 of	 burden	 of	 disease	 report	 on	 OM	 generally,	 without	 estimating	 costs	 of	 AOM,	

recurrent	 AOM	 (RAOM),	 CSOM,	 OME,	 and	 COME	 separately.	 The	 annual	 cost	 of	

hospitalisation	for	TTP	in	NZ	is	estimated	to	have	been	over	$10	million	in	2010/11,44	and	in	

the	UK	it	has	been	estimated	to	cost	30	million	pounds	in	1986.45	OM	in	developed	countries	

has	been	reported	as	being	a	common	reason	for	doctors’	visits,	antibiotic	prescription	and	

surgery.	In	the	US	OM	is	the	most	common	reason	for	doctor	visits,46	and	a	major	reason	for	

antibiotic	prescription.47	In	Australia	it	is	the	fourth	most	common	reason	for	doctor	visits,48	

and	one	of	the	most	common	reasons	for	children	to	be	admitted	to	hospital.49	In	the	UK,	TTP	

is	the	most	common	reason	for	elective	surgery	in	childhood.50	The	total	annual	burden	of	
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disease	for	OM	in	Australia	is	estimated	at	$2.5	billion,51	in	the	US	it	is	estimated	at	$5	billion,52	

and	in	Canada	it	has	been	reported	to	be	611	million.53	

1.2.6 Treatment	approaches	

Surgical	and	medical	treatment	approaches	that	have	historically	been	used	for	COME	include	

adenoidectomy,	tonsillectomy,	myringotomy,	nasal	decongestants,	antihistamines,	steroids,	

and	antibiotics.54	

Adenoidectomy	 is	 now	 only	 recommended	 in	 children	 over	 four	 years	 of	 age	 or	 with	

additional	 nasal	 obstruction,	 or	 chronic	 adenoiditis.	 Tonsillectomy	 and	 antibiotics	 are	 no	

longer	recommended.54		

The	most	common	treatment	for	COME	today	is	TTP.	This	surgery	was	first	experimented	with	

in	the	late	19th	century	using	metal	tubes,	then	lost	favour	for	many	decades,	before	being	

re-popularised	 by	 Beverley	 Armstrong	 in	 1954	 using	 polyethylene	 “grommets”.55	

Tympanostomy	tubes	are	not	a	permanent	cure.	Hearing	is	improved	temporarily	in	the	first	

three	months	by	10dB,	however	no	 improvement	 is	seen	at	12-24	months	compared	with	

watchful	waiting.56	Considered	at	a	population	 level,	TTP	 is	a	costly	procedure	that	carries	

some	risks,	being	performed	under	general	anaesthetic.	There	is	also	some	concern	regarding	

the	complications	that	can	arise	after	TTP	such	as	myringosclerosis	and	otorrhea.57	

There	is	a	considerable	focus	on	vaccines	in	treatment	research	at	present.	The	pneumococcal	

conjugate	vaccines	have	had	success	in	lowering	carriage	of	vaccine-covered	serotypes	of	S.	

pneumoniae,	however	to	date	their	effect	on	OME	has	been	minimal.58	Studies	examining	

nasopharyngeal	 carriage	 rates	 since	 the	 introduction	 of	 the	 pneumococcal	 vaccine	 have	
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noted	 an	 apparent	 increase	 in	 the	 carriage	 rates	 of	 non-covered	 serotypes,	 and	 there	 is	

concern	that	other	pathogen	replacement	may	also	occur.59	

1.2.7 Risk	factors		

Numerous	risk	factors	have	been	reported	for	COME,	with	many	shared	between	the	related	

OM	conditions.	Risk	factors	tend	to	fall	into	one	of	three	categories.	The	first	relates	to	the	

host.	The	best-established	risk	factor	in	this	category	is	young	age,	with	rates	being	highest	in	

preschool	 children	 and	 declining	 through	 school	 years.	 The	 second	 relates	 to	 microbial	

factors.	Well-established	risk	factors	in	this	category	are	upper	respiratory	infection	(URI)	and	

factors	relating	to	exposure	to	other	children	such	as	in	day	care	situations.	The	final	category	

relates	 to	 the	 environment	with	 the	 seasons	 of	winter	 and	 spring	 being	 identified	 as	 risk	

factors.	Many	other	potential	determinants	in	each	category	have	been	identified,	however	

they	have	often	not	been	reproduced	reliably.	We	explore	potential	risk	factors	in	depth	in	

our	literature	review.	

1.3 Pathogenesis	

1.3.1 From	sterile	to	bacterial	

Our	 understanding	 of	 the	 pathogenesis	 of	 OME	 and	 its	 relation	 to	 AOM	 has	 evolved	

considerably.	In	1869	it	was	first	proposed	by	pioneering	otologist	Adam	Politzer	that	OME	

had	a	sterile	pathogenesis,	whereby	a	blockage	of	the	Eustachian	tube	(ET)	led	to	negative	

ME	pressure	that	caused	exudation	of	fluid	into	the	ME	space.	This	explanation	was	called	

hydrops	ex	vacuo.	In	contrast,	Politzer	stated	that	AOM	was	usually	caused	by	“colds	in	the	

head,”	and	often	associated	with	other	 infectious	diseases.60	This	model	of	OME	as	being	
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sterile	and	largely	unrelated	to	the	other	forms	of	OM	persisted	in	popularity	until	the	second	

half	of	the	20th	century.	

According	 to	 the	hydrops	 ex	 vacuo	model,	MEE	was	 a	 sterile	 passive	 transudate	with	 no	

biological	 function.	This	theory	was	supported	by	failure	to	culture	bacteria	from	effusion.	

Early	challengers	of	this	paradigm	included	Jacob	Sade,	who	in	1966	provided	evidence	that	

OME	was	 an	 inflammatory	 condition	 that	 sometimes	 followed	 AOM.61	 In	 1977	 Juhn	 and	

colleagues	 observed	 that	 similarities	 in	 mucosal	 changes	 and	 immune	 activity	 in	 the	ME	

during	different	forms	of	OM	implies	that	“the	different	clinical	types	of	OM	may	occur	along	

a	 continuum.”62	 Transitions	between	 the	 various	 forms	of	OM	are	now	understood	 to	be	

common	 (see	 Figure	 1).	 This	 model	 of	 OM	 as	 a	 disease	 continuum	 is	 also	 shown	 in	 the	

crossover	in	the	types	of	effusion	seen	across	the	various	forms	of	OM.63	

	

Figure	1:	The	otitis	media	continuum	and	transitions	between	forms	of	otitis	media	

In	the	1990s,	polymerase	chain	reaction	(PCR)	was	used	to	detect	otopathogens	in	MEE	from	

OME,	 leading	 to	 OME	 being	 considered	 an	 upper	 airway	 infection	mainly	 caused	 by	 the	

bacteria	Haemophilus	influenzae,	Streptococcus	pneumoniae,	and	Moraxella	catarrhalis.64,	65	
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At	 that	 time,	 S.	 pneumoniae	 was	 the	 dominant	 pathogen	 found	 in	 MEE.	 The	 dominant	

pathogen	 today	 is	H.	 influenzae,	 possibly	 because	 of	 reduced	 carriage	 of	 vaccine-covered	

serotypes	of	S.	pneumoniae	due	to	the	pneumococcal	vaccine.	These	same	bacteria	are	found	

in	effusion	from	both	AOM	and	OME,	such	that	RAOM	and	COME	cannot	be	differentiated	

based	on	the	bacteria	found	in	effusion.66	Instead,	a	distinction	can	be	made	between	acute	

bacterial	infection	that	underlies	AOM,	compared	to	the	bacterial	involvement	in	OME	that	

does	not	elicit	an	acute	response.	

1.3.2 Bacterial	reservoirs	

The	 ME	 cavity	 is	 a	 relatively	 remote	 area	 of	 the	 respiratory	 tract.	 As	 the	 presence	 of	

pathogenic	bacteria	in	the	ME	is	now	considered	to	be	the	main	cause	of	all	forms	of	OM,	the	

question	arises	of	where	the	bacteria	originate.	Bacteria	may	enter	through	the	nasal	cavity,	

into	the	adjoining	nasopharynx	(NP),	up	through	the	ET,	and	thus	into	the	ME;	see	Figure	2.	

New	species	or	strains	of	bacteria	and	viruses	can	enter	the	nose	from	inhaled	air,	or	by	the	

host	 touching	 an	 infected	 surface	 and	 then	 touching	 their	 nose,	 and	 become	 infectious.	

However,	it	is	also	possible	that	some	of	these	pathogens	may	have	previously	colonised	the	

nose	or	NP	and	be	residing	there	in	a	relatively	harmless	state.	These	“pathobionts”	may	then	

be	stimulated	to	become	infectious	and	spread	to	the	ME.	One	such	stimulus	may	be	a	URI,	

which	frequently	precedes	OM	and	is	known	to	disrupt	the	equilibriums	of	the	respiratory	

microbiota.	

A	hypothetical	“cascade”	of	first	URI,	then	bacterial	overgrowth	in	the	nose	and	NP,	and	finally	

bacterial	infection	of	the	ME	is	well	supported	and	may	explain	the	main	pathogenesis	of	both	

AOM	and	OME.	However,	it	does	not	explain	why	children	sometimes	develop	AOM,	and	at	
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other	 times	 develop	 OME.	 Neither	 does	 it	 explain	 why	 only	 some	 children	 are	 prone	 to	

persistence	of	effusion,	i.e.	COME.	While	OME	is	sometimes	a	sequela	of	AOM,	at	other	times	

it	arises	independently,	so	it	cannot	simply	be	viewed	as	persistence	of	effusion	following	an	

acute	infection.	

	

Figure	2:	Anatomy	of	the	nasal	passages,	Eustachian	tube	and	middle	ear	

1.3.3 Role	of	viruses	in	bacterial	overgrowth	

Viruses	can	also	colonise	the	respiratory	tract	asymptomatically.67	An	overgrowth	or	increase	

in	viral	load	is	seen	during	URI.	Viral	infections	are	known	to	assist	bacterial	overgrowth	by	

lowering	the	host’s	innate	and	adaptive	defence	systems.	Once	a	virus	infects	a	cell	of	the	

respiratory	epithelium	it	can	cause	cell	 lysis	resulting	in	cell	death	and	a	breakdown	of	the	
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outer	 layers	of	the	respiratory	epithelium.	The	exposed	 inner	basement	membrane	allows	

bacteria	to	easily	adhere	to	it	(Figure	3).	Mice	infected	with	influenza	have	been	reported	to	

have	decreased	clearance	of	S.	pneumoniae	due	to	a	slowing	of	the	mucociliary	system,	an	

integral	part	of	the	respiratory	epithelium’s	mechanism	for	pathogen	clearance.68	

	

Figure	3	Viral-bacterial	interaction	on	the	respiratory	epithelial	surface,	Bosch	et	al.		201369	

Another	reported	mechanism	is	the	upregulation	of	adhesion	proteins	which	bind	to	virus-

infected	 cells,	 allowing	 bacteria	 to	 also	 adhere.	 Substances	 produced	 by	 a	 virus	 such	 as	

neuraminidase	also	aid	bacteria	to	bind	to	epithelial	cells	in	the	respiratory	tract.	Viruses	can	

impair	neutrophil	function	and	increase	their	apoptosis,	alter	the	function	of	monocyte	and	

natural	killer	cells,	and	decrease	oxidative	burst,	which	all	lead	to	increased	risk	of	a	bacterial	

superinfection.69	
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Viruses	 may	 also	 effect	 cytokine	 concentration	 which	 can	 alter	 the	 host’s	 inflammatory	

response	to	increased	bacterial	or	viral	load.	Both	IFNg	and	TNFa	have	been	reported	to	be	

altered	during	viral	infections.70,	71		

Given	the	dual	role	of	viruses	and	bacteria	 in	the	development	of	OME,	many	researchers	

view	 OM	 as	 a	 polymicrobial	 disease	 in	 that	 the	 aetiology	 can	 involve	 both	 bacteria	 and	

viruses.72	

1.3.4 Bacterial	biofilms	and	chronicity	

While	 bacteria	 in	 the	ME	 have	 been	 identified	 as	 a	 causative	 factor	 for	 OME,	 they	 have	

historically	proven	difficult	to	culture	from	effusion,	and	antimicrobial	treatment	has	been	

largely	 ineffective.	 In	 2006	 Hall-Stoodley	 and	 colleagues	 made	 a	 key	 discovery	 that	 may	

explain	this	apparent	paradox,	when	they	became	the	first	to	identify	bacterial	biofilms	in	the	

MEs	of	people	suffering	from	COME.73	Biofilms	had	previously	only	been	identified	in	CSOM,74	

and	in	OM	in	animal	models.75	

The	term	“biofilm”	originated	in	1981	from	Costerton	and	colleagues,	who	later	defined	them	

in	1999	as	“a	structured	community	of	bacterial	cells	enclosed	in	a	self-produced	polymeric	

matrix	and	adherent	to	an	inert	or	living	surface”.	It	is	thought	that	free-floating	planktonic	

bacteria	 join	 together	 to	 form	 a	 clump	 of	 bacteria	 or	 a	 biofilm	 as	 a	 means	 to	 protect	

themselves	from	hostile	surroundings.	Unlike	planktonic	bacteria,	biofilms	attach	themselves	

to	a	surface	such	as	the	epithelium.	This	sessile	form	not	only	makes	them	more	resistant	to	

the	host’s	 immune	system	and	antimicrobials,	 it	also	means	that	 they	are	 less	 likely	 to	be	

cultured	from	body	fluids	such	as	MEE.	
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Due	 to	 the	 durable	 nature	 of	 bacterial	 biofilms,	 their	 presence	 in	 the	 ME	 and	 potential	

bacterial	reservoir	sites	such	as	the	NP	may	help	to	explain	the	chronicity	of	COME.	Biofilms	

can	release	spores	of	planktonic	bacteria	and	spread	to	different	niches.	They	have	also	been	

found	in	some	healthy	human	ME,76	indicating	that	they	may	be	present	asymptomatically	in	

some	circumstances.	

1.3.5 The	respiratory	microbiome	and	bacterial	interference	

Our	bodies	play	host	to	a	wide	array	of	endogenous	microorganisms	that	make	up	the	human	

microbiome.	These	microbes	often	live	in	complex	sessile	communities	such	as	biofilms.	The	

presence	of	a	biofilm	does	not	necessarily	cause	disease,	as	the	bacteria	in	a	biofilm	can	be	

commensals.	 They	 can	 also	 be	 pathobionts	 that	 usually	 live	 in	 the	 host	 without	 causing	

disease,	but	which	in	some	circumstances	overgrow	and	become	infectious.	

Commensal	bacteria	may	help	to	prevent	pathogen	invasion	and	pathobiont	overgrowth	by	

competing	 for	 binding	 sites,	 producing	 antimicrobials,	 disrupting	biofilms,	 and	 stimulating		

the	 host’s	 immune	 system.77	 This	 “bacterial	 interference”	may	 help	 to	maintain	 a	 stable	

community	 and	 reduce	 the	 risk	 of	 dysbiosis,	 if	 the	 composition	 of	 the	 bacteria	 in	 the	

microbiome	is	favourable.	For	example,	healthy	individuals	have	been	found	to	have	a	higher	

abundance	of	commensal	bacteria	and	a	higher	overall	microbial	diversity	than	individuals	

suffering	from	AOM.72	

Taking	this	thinking	a	step	further,	it	has	been	proposed	that	the	human	body	and	its	microbial	

population	 can	 be	 viewed	 as	 a	 single	 “holobiont”	 that	 has	 evolved	 together	 over	 time.78	

According	 to	 this	 view,	 the	 host	 has	 become	 reliant	 on	 its	microbe	 community	 for	many	

immune	functions.	This	paradigm	shift	in	which	bacteria	are	viewed	as	not	merely	a	cause	of	
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disease,	but	also	a	necessary	component	of	health,	may	open	new	possibilities	in	explaining	

the	pathogenesis	of	COME.	

1.3.6 Nature	of	the	effusion	

MEE	 is	a	 complex	 fluid	containing	at	 least	109	unique	proteins,	 the	majority	of	which	are	

innate	 immune	 molecules	 that	 are	 actively	 secreted.79	 This	 active	 immune	 function	 of	

effusion	is	consistent	with	a	bacterial	pathogenesis	for	OME,	in	which	the	effusion	forms	part	

of	a	defence	system	against	pathogens.12	

MEE	 can	 be	 viewed	 as	 part	 of	 the	 mucosal	 defence	 system.	 It	 contains	 innate	 immune	

elements	including	lysozyme	and	antimicrobial	peptides	(AMPs)	such	as	beta	defensins	that	

are	known	to	suppress	bacteria	that	are	associated	with	OME,	including	S.	pneumoniae,	M.	

catarrhalis	 and	 nontypeable	 H.	 influenzae.80	 White	 blood	 cells	 such	 as	 macrophages,	

neutrophils,	 and	 lymphocytes	 are	 also	 present	 in	 large	 numbers	 and	 these	 cells	 produce	

cytokines,	which	are	involved	in	the	regulation	of	the	inflammatory	response.81	Complement	

proteins,	 adhesion	molecules,	 prostaglandin,	 and	 fibrinolytic	 proteins	 are	 also	 present	 in	

effusion.	

The	effusion	in	OME	is	categorised	as	either	being	serous	with	low	viscosity,	or	mucoid	with	

high	enough	viscosity	that	the	fluid	will	not	flow	when	inverted.	The	quantity	of	mucin	in	the	

effusion	determines	its	viscosity.82	Mucins	are	gel-like	glycoproteins	that	line	the	epithelium	

in	the	respiratory	tract	and	help	to	trap	bacteria.	Their	production	is	largely	controlled	by	two	

genes	 in	 the	upper	 airway,	MUC5AC	and	MUC5B.	Mucin-5B	 is	 one	of	 the	most	 abundant	

proteins	found	in	MEE.79,	83	
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1.3.7 Host	defence,	the	body’s	own	medicine	cabinet	

The	mucociliary	blanket	that	lines	the	airway	epithelium	is	one	of	the	upper	respiratory	tract’s	

first	 defences	 against	 infection.	 The	 mucus	 traps	 pathogens,	 and	 the	 cilia’s	 rhythmic	

movement	 pushes	 the	 secretions	 to	 the	 NP	 where	 it	 passes	 into	 the	 oropharynx	 and	 is	

swallowed.	In	addition	to	entrapment,	the	mucus	itself	contains	AMPs	and	has	the	ability	to	

recruit	phagocytes	and	stimulate	an	inflammatory	response.84	The	antimicrobial	properties	

of	 mucus	 were	 discovered	 in	 the	 early	 1900s	 when	 Alexander	 Fleming	 found	 that	 nasal	

secretions	contained	 lysozyme,	 the	 first	AMP	 isolated	 from	the	human	body.84	 Since	 then	

AMPs	have	been	found	throughout	the	body	that	serve	to	protect	the	host	from	pathogen	

overgrowth	or	invasion.	

The	host’s	natural	 response	to	 invading	pathogens	 is	 inflammation,	which	 is	controlled	by	

cytokines.	Interleukins	(IL)	have	also	been	found	to	be	important	in	OME.	A	high	production	

of	IL-10	seen	in	some	IL-10	polymorphisms	has	been	found	to	contribute	to	new	onset	OM.	

Low	IL-6	and	high	tumor	necrosis	factor	alpha	(TNFa)	have	been	found	to	be	associated	with	

OM	during	rhinovirus	(RV)	infection.85	Immunoglobulins	also	form	part	of	the	host’s	defence	

against	pathogens.	Secretory	immunoglobulin-	A	(IgA)	produced	from	the	mucosa-associated	

lymphoid	 tissue	 prevents	 bacterial	 adherence.86	 Children	 with	 Immunoglobulin-G	 (IgG)	

deficiency	have	been	found	to	be	more	otitis	prone.87	

Vitamin	D	has	long	been	known	to	be	critical	for	bone	health,	but	more	recently	deficiency	

has	also	been	associated	with	several	respiratory	diseases.88,	89	Levels	of	25-hydroxyvitamin	

D	 (25(OH)D)	 tend	 to	 be	 lower	 in	 winter	 and	 in	 preschool	 children,	 coincident	 with	 two	

established	OM	risk	factors.	The	mechanisms	by	which	25(OH)D	may	support	the	 immune	

system	are	varied.	Supplementation	studies	have	reported	increases	in	beneficial	commensal	
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bacteria.	Animal	models	have	also	compared	VDR	knock-out	mice	with	healthy	controls	and	

found	the	latter	had	a	greater	abundance	of	bacteria	belonging	to	Lactobacillaceae.90		

Higher	levels	of	vitamin	D	could,	in	theory,	also	help	to	protect	against	COME	by	promoting	a	

less	 inflammatory	 immune	 response	 that	 is	 still	 effective	 against	 pathogens.91	 Vitamin	 D	

lowers	 the	 pro-inflammatory	 cytokine	 TNFa92,	 93	 and	 IL-10.94	 It	 may	 also	 suppress	 the	

inflammatory	NF-kB	pathway,91	and	upregulate	AMPs	such	as	cathelicidin,	an	endogenous	

antibiotic	that	has	been	reported	to	be	effective	against	otopathogens95	and	against	biofilm	

formation.96,	 97	 On	 exposure	 to	 pathogens,	 cathelicidin	 is	 upregulated	 via	 an	 increase	 in	

vitamin	D	receptors	and	1,25-dihydroxyvitamin	D(1,25(OH)2D),	the	active	form	of	vitamin	D.98,	

99		

1.4 The	current	research	

1.4.1 Research	approach	

COME	is	a	good	example	of	the	saying	“the	more	we	learn,	the	less	we	know.”	For	over	a	

century	we	thought	we	knew	what	caused	OME,	and	by	inference	what	caused	COME.	An	ET	

blockage	led	to	negative	ME	pressure,	causing	transudation	of	fluid	into	the	ME:	hydrops	ex	

vacuo.	This	theory	had	an	elegant	simplicity,	but	it	has	proven	to	be	incorrect.	

A	much	more	complex	picture	has	emerged	as	we’ve	learned	more	about	the	factors	involved	

in	COME,	and	the	interwoven	disciplines	of	microbiology,	immunology,	and	genetics.	If	MEE	

is	an	immune	response,	why	does	it	become	chronic	in	some	people	and	resolve	in	others?	

Can	bacterial	biofilms	and	microbiomes	help	to	explain	proneness,	chronicity,	and	resistance	

to	 immune	 response	 and	 treatment?	 The	 list	 of	 established	 and	 potential	 risk	 factors	 for	
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COME	continues	to	grow,	yet	we	have	still	not	confirmed	the	pathogenic	processes	underlying	

them	with	the	same	level	of	confidence	that	exists	for	AOM.	

Within	the	contexts	of	our	richly	detailed	specialisations	we	can	delve	into	the	many	variables	

involved,	but	 an	overall	 understanding	 is	 unlikely	 to	emerge	 from	a	 reductionist	 focus	on	

specific	aspects	of	the	disease,	or	a	handful	of	its	many	possible	causes.	Instead	of	simplifying,	

we	have	set	out	to	examine	as	many	of	the	factors	believed	to	be	involved	in	COME	as	possible	

at	once,	while	also	aiming	to	expand	the	range	of	variables	under	consideration	given	the	

latest	knowledge	of	the	condition.	

1.4.2 Gaps	in	our	knowledge	

It	has	been	some	time	since	research	has	been	undertaken	to	consider	a	comprehensive	range	

of	potential	risk	factors	and	confounders	for	COME	together.	A	number	of	risk	factor	studies	

were	reported	in	the	1980s	in	the	US,8,	100	the	Netherlands,101	and	here	in	NZ.11	Since	then,	

the	number	of	variables	under	consideration	has	grown	significantly.	

While	 birth	 weight,	 parental	 smoking,	 and	 breastfeeding	 practices	 have	 been	 studied	

extensively,	research	into	other	potential	antenatal	and	perinatal	determinants	of	COME	is	

limited.	Given	that	early	onset	of	OM	is	a	risk	factor	for	later	re-occurrence,	early	events	may	

play	 a	 special	 role	 in	 influencing	 proneness	 to	 COME.	 The	 respiratory	microbiome	 is	 also	

established	during	this	critical	period.	Potential	variables	including	maternal	supplement	use	

of	vitamin	C	or	vitamin	D	during	pregnancy,	labour	length,	induced	labour,	delivery	method,	

season	of	birth,	small	for	gestational	age,	pacifier	use,	colic,	reflux,	and	timing	of	introduction	

of	formula,	cow’s	milk,	and	solid	foods	would	benefit	from	further	study.	
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We	now	understand	niches	in	the	respiratory	tract	such	as	the	nares	and	NP	to	be	not	only	

sources	of	pathogenic	bacteria,	but	also	home	 to	 commensal	bacteria	 that	make	up	 their	

microbiomes.	 This	 shift	 away	 from	 thinking	 of	 bacteria	 largely	 as	 invasive	 pathogens,	 to	

regarding	 them	as	endogenous	 communities	 that	have	evolved	 in	 collaboration	with	host	

organisms	 including	 humans,	 is	 one	 of	 the	 major	 paradigm	 shifts	 in	 medicine	 in	 recent	

decades.	Certain	 compositions	of	microbiota	 are	 thought	 to	be	more	 resilient	 against	 the	

flourishing	of	bacterial	pathogens,	but	the	potential	relationship	between	the	composition	of	

the	nasal	microbiome	and	COME	is	yet	to	be	explored.	

Research	 into	 factors	 that	 may	 influence	 the	 immune	 response	 is	 lacking.	 Lower	

concentration	of	vitamin	D	is	a	reasonable	candidate	for	a	COME	risk	factor	due	its	association	

with	preschool	children	and	in	winter,	as	well	as	its	modulating	effect	on	the	immune	system.	

Epidemiology	studies	have	reported	an	association	between	low	vitamin	D	levels	and	AOM.102	

Vitamin	 D	 supplementation	 has	 shown	 promise	 in	 the	 treatment	 of	 asthma	 and	 acute	

respiratory	 infections	 including	 RAOM.88,	 89,	 103	 A	 trial	 of	 vitamin	 D	 supplementation	

reportedly	halved	the	risk	of	URI,	and	reduced	the	risk	of	RAOM	in	children	once	vitamin	D	

levels	were	raised	to	75nmol/L.103	No	research	has	yet	been	conducted	into	vitamin	D	and	

COME.	Vitamin	D	is	also	a	promising	candidate	for	research	because	serum	concentrations	

are	relatively	cheaply	modifiable	through	sun	exposure,	diet,	and	supplementation.	

1.5 Organisation	of	thesis	

This	 chapter	 has	 provided	 a	 background	 to	 COME	 and	 the	 current	 research.	 The	 second	

chapter	reviews	the	literature	regarding	risk	factors	that	have	been	associated	with	COME,	

including	factors	relating	to	pregnancy	and	birth,	infancy	and	feeding	practices,	host	factors	

including	cytokines,	environmental	determinants,	and	microbial	factors.	Chapter	three	gives	
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a	 concise	 description	 of	 the	methods	 for	 our	 research	 into	 risk	 factors,	 vitamin	 D,	 nasal	

microbiota,	and	serum	cytokine	analysis.	Chapter	four,	five,	six,	and	seven	describe	the	results	

of	 the	 investigations	 into	 associations	 between	 COME	 and	 risk	 factors,	 25(OH)D,	 nasal	

microbiota,	and	serum	cytokine	concentrations	respectively.	In	chapter	eight	the	results	of	

the	 research	 are	 compared	 to	 the	 hypotheses	 with	 consideration	 to	 the	 prior	 literature,	

followed	by	an	exploration	of	the	implications	for	our	understanding	of	the	pathogenesis	of	

COME,	future	research,	and	practice.	Chapter	nine	finishes	with	the	conclusions	drawn	from	

our	findings.	
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2 Literature	review	

The	focus	of	the	current	research	was	to	identify	COME	risk	factors.	Understanding	the	risk	

factors	 for	a	condition	can	provide	 insight	 into	aetiology	and	pathogenesis,	aid	 in	primary	

prevention	through	the	elimination	of	modifiable	risk	factors,	inform	the	development	and	

evaluation	of	interventions,104	and	help	to	identify	at-risk	groups	requiring	special	attention.	

While	numerous	potential	risk	factors	for	OME	have	been	investigated,	much	less	research	

has	focussed	specifically	on	COME.	Here	we	review	the	literature	on	COME	determinants.	In	

cases	 where	 the	 literature	 is	 scant	 or	 absent	 in	 relation	 to	 COME,	 we	 describe	 studies	

examining	OME	and	other	forms	of	OM,	as	these	conditions	are	closely	related.	

Determinants	 that	 have	 high	 reproducibility	 include	 young	 age,	 URI,	 winter,	 daycare	

attendance,	and	the	presence	of	otopathogens	in	the	ME.	More	often,	there	is	disagreement	

between	 studies	 on	 which	 factors	 increase	 or	 reduce	 risk.	 Contradictory	 findings	 among	

papers	may	 be	 attributable	 to	 differences	 in	 diagnostic	 criteria,	 subject	 populations,	 and	

outcome	 measures.	 Studies	 that	 use	 a	 multivariable	 analysis	 are	 more	 conservative	 in	

reporting	 risk	 factors,	 and	 the	 results	 of	 such	 analyses	 are	 also	 dependent	 on	 the	 other	

variables	included.	Risk	factors	may	also	be	dependent	on	the	subjects	age,18,	105	severity	or	

subtype	of	OME,106	and	cultural	or	environmental	considerations.	

This	chapter	reviews	potential	risk	factors	associated	with	COME	beginning	with	pregnancy	

and	birth,	followed	by	 infant	feeding	practices,	host	related	factors,	environmental	factors	

including	socio-economic	status	(SES),	and	finally	microbial	factors.	We	conclude	by	analysing	

how	related	risk	factors	could	be	grouped	together,	and	then	discussing	how	the	risk	factor	

findings	inform	pathogenesis.	



LITERATURE	REVIEW	

 22 

2.1 Pregnancy	and	birth	

Research	 investigating	 prenatal	 and	 perinatal	 factors	 has	 not	 received	 a	 great	 deal	 of	

attention	with	respect	to	OME.	Several	studies	have	found	no	association	between	OM	and	

prenatal	 or	 perinatal	 factors.	 However,	 the	 overall	 status	 of	most	 of	 these	 risk	 factors	 is	

inconclusive.	There	has	been	a	recent	call	 for	comprehensive	risk	factor	studies	examining	

pregnancy	and	birth	characteristics	in	OME.107	

2.1.1 Preterm	birth	

Preterm	birth	has	been	reported	as	a	risk	factor	for	OME,16,	108	with	the	risk	increasing	in	a	

linear	 fashion	with	 reduced	 gestational	 age.109	 If	 a	 link	 exists,	 it	may	be	 explained	by	 the	

anatomical	 and	 immunological	 immaturity	 of	 premature	 children.	 Premature	 infants	may	

have	lower	levels	of	maternal	IgG,	and	their	own	production	of	IgG	and	IgA	may	also	be	lower,	

leading	to	an	 increased	risk	of	 infection.110,	111	The	ET	 in	younger	children	 is	shorter,	more	

flexible	and	more	horizontal	than	in	older	children.	These	characteristics	may	be	exaggerated	

in	children	who	were	born	prematurely,	allowing	for	 increased	passage	of	nasopharyngeal	

pathogens	 into	 the	 ME,	 resulting	 in	 infection,	 impeded	 ventilation,	 and	 clearance	

problems.112,	113	

A	number	of	studies	have	found	no	such	association	between	preterm	birth	and	COME,32,	114	

or	TTP,115	or	between	preterm	birth	and	OME.11,	18,	32,	34,	116-121	Several	of	these	studies	may	

have	been	underpowered	with	fewer	than	40	preterm	infants,18,	34,	114,	118	while	others	did	not	

report	the	number	of	preterm	infants	studied.11,	32,	116,	117	Some	used	only	tympanometry18	or	

questionnaires116	in	their	diagnosis.		
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Studies	that	have	found	associations	between	preterm	birth	and	OME	have	tended	to	have	

younger	subjects,	all	under	seven	years	of	age	and	starting	no	older	than	two.	In	contrast,	the	

studies	that	found	no	association	included	some	with	a	minimum	age	of	four	years	or	older.	

There	are	some	exceptions	to	this	trend.	Sassen	et	al.	studied	children	up	to	five	years	of	age	

and	did	not	find	an	association	between	preterm	birth	and	OM,	however	the	criteria	used	

included	AOM	as	well	as	OME.122	While	Dewey	et	al.	had	only	young	subjects	and	found	no	

association,	the	results	were	for	association	with	bilateral	OME	in	particular.18	

Table 1. Preterm birth  

Study  Design Size Age Results 

Van Cauwenberge16 Cohort 2065 2-6 yrs ≤ 32 weeks = 36% incidence of 

OME, 40 weeks = 16% incidence 

of OME (p=0.05) 

Engel et al.109  Cohort 250 0-2 yrs OME risk decreases with 

increasing gestational age in 

multivariable analysis (p<0.05) 

Jaffe et al.108 Cohort 127 0-7 mths Preterm birth associated with 

OME - no inferential statistics 

used 

Marchisio et al.32 Cohort 3413 5-7 yrs Undefined prematurity not 

associated with persistence 

(defined as 12 weeks), univariable 

OR=1.23 (CI 0.88-1.73) (p=0.23) 

Chalmers et al.11 Cohort 1661 0-15 yrs Preterm birth not associated with 

OME (p>0.05) 

Dewey et al.18 Cohort 1590 8mth-3.5 

yrs 

< 37 weeks not associated with 

bilateral OME (p>0.05) 
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Sassen et al.122 Cohort 927 0-5 yrs No association between gestational 

age and unspecified OM in 

univariable analysis (p>0.05) 

Pedersen et al.115 Cohort 700 0-5 yrs TTP not associated with 

gestational age (p=0.14) 

Xenellis et al.114 Cohort 250 6-12 yrs “Preterm” delivery not associated 

with presence of OME 16 months 

after first visit (p=0.33) 

Apostolopoulos et al.34 Cross-sectional  5121 6-12 yrs Preterm birth not associated with 

OME (p=0.75) 

Saim et al.121 Cross-sectional 1097 5-6 yrs Preterm birth not associated with 

OME. 

Di Francesco et al.119 Cross-sectional 184 0-1 yrs No association with OME and 

gestational age (p=0.31) 

Black116 Case-control 442 4-9 yrs Preterm birth not associated with 

OME (p>0.05) 

Tong et al.117 Case-control 300 6-7 yrs < 37 weeks not associated with 

OME (p>0.05) 

Clark et al.120 Case-control 279 3-8 yrs < 37 weeks not associated with 

OME (p=1.0) 

Chantzi et al.118 Case-control 168  1-7yrs < 36 weeks not associated with 

OME (p=0.31) 

Summary 

Preterm	birth	does	not	appear	to	be	a	risk	factor	for	OME.	However,	if	there	is	an	effect	it	

may	only	be	apparent	in	younger	children.	Further	investigation	with	larger	cohorts	is	needed.	

2.1.2 Low	birthweight	

A	variety	of	definitions	of	low	birthweight	(LBW)	are	used,	however	most	studies	define	LBW	

as	less	than	2.5kg.	LBW	can	be	due	to	preterm	delivery,	infants	born	small	for	their	gestational	
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age	(SGA),	or	a	combination	of	preterm	birth	and	SGA.	For	this	reason,	LBW	and	preterm	birth	

are	highly	correlated,	and	both	factors	are	indicators	of	a	less	developed	child.		

There	is	some	support	for	a	relationship	between	OME	and	LBW,18,	123	with	the	risk	of	OME	

increasing	with	 lower	 birthweight.109	 Paradise	 et	 al.	 found	 that	 LBW	was	 associated	with	

higher	days	with	MEE	in	a	univariable	analysis	of	the	first	year	of	life,	but	not	the	second.	In	a	

multivariable	analysis	birthweight	was	no	longer	significantly	related	to	days	with	MEE,	and	

it	was	concluded	that	low	SES	may	be	a	confounding	variable.124	

An	association	between	LBW	and	presence	or	persistence	of	OME11,	32,	34,	101,	116,	118-120,	124	or	

TTP115	has	often	not	been	found.	As	with	preterm	birth	the	number	of	LBW	subjects	studied	

is	 often	 low,	 providing	 poor	 statistical	 power,	 although	 at	 least	 one	 study	 had	 sufficient	

subjects	with	 low	birthweight.101	Undifferentiated	OM	has	also	been	 reported	 to	have	no	

association	with	LBW.122	

Table 2. Birthweight 

Study  Design Size Age Results 

Van 

Cauwenberge & 

Kluyskens123 

Cohort 2069 2-6 yrs < 2.4 kg associated with type B 

tympanograms univariably (p<0.05) 

Dewey et al.18 Cohort 1590 8mth-3.5 

yrs 

< 3.1 kg associated with prevalence 

of bilateral OME in children in lower 

quartile of birth weight in 

multivariable analysis, OR=1.2 (CI 

1.0-1.6) (p<0.05) 

Engel et al.109  Cohort 250 0-2 yrs OME risk decreases as birthweight 

increases (p<0.01) 
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Paradise et al.124 Cohort 2253 0-2 yrs Days with MEE has linear trend with 

birthweight in a univariable analysis 

of first year of life (p<0.001) 

Days with MEE has no linear trend 

with birth weight in a univariable 

analysis of second year of life (p< 

0.23) 

Birthweight not associated to days 

with MEE in multivariate analysis 

(p>0.05). 

Marchisio et al.32 Cohort 3413 5-7 yrs No association with birthweight and 

persistence of OME in multivariable 

analysis (p>0.05)  

Chalmers et al.11  Cohort 1661 0-15 yrs Birthweight not associated with 

OME (p>0.05) 

Sassen et al. 122 Cohort 927 0-5 yrs Birthweight not associated with 

unspecified OM (p>0.05) 

Teele et al.8 Cohort 877 1-3 yrs No association with birthweight and 

days with MEE (p>0.05) 

Pedersen et al.115 Cohort 700 0-5 yrs No association between birthweight 

and TTP (p=0.98) 

MRC Multi-

centre Otitis 

Media Study 

Group106 

Cohort 639 3.25-6.75 

yrs 

No association between birthweight 

and persistence of OME (p=0.82) 

Xenellis et al.114 Cohort 250 6-12 yrs < 3.0 kg not association with 

persistence of OME, OR=1.43 (CI 

0.58-3.52) (p=0.24) 

Zielhuis et al.101 Case-control 503 2-4 yrs ≤ 2.5 kg not associated with OME 

(p=0.19) 

Black116 Case-control 442 4-9 yrs No association with persistent MEE 

or with duration (p>0.05) 
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Clark et al.120 Case-control 279 3-8 yrs Birthweight not associated with 

OME, Adjusted OR=0.91 (CI 0.58-

1.43) (p=0.7) 

Chantzi et al.118 Case-control 168 1-7yrs No association with undefined very 

low birthweight and OME (p=0.6) 

Apostolopoulos et 

al.34 

Cross-

sectional 

5121 6-12 yrs Birthweight not associated with 

OME univariably (p value not given) 

Di Francesco et 

al.119 

Cross-

sectional 

184 0-1 yrs No association with OME and 

birthweight in a univariable model 

(p=0.07) 

Summary 

Many	studies	have	reported	no	relationship	between	OME	and	LBW.	It	appears	unlikely	that	

LBW	is	a	risk	factor	for	OME.	

2.1.3 High-risk	infants/	neonatal	intensive	care	units	

High-risk	 infants	 are	 those	 referred	 to	 intensive	 care	 units,	 usually	 due	 to	 very	 young	

gestational	age,	very	LBW,	perinatal	asphyxia,	and	requirement	for	ventilatory	assistance.	It	

has	 been	 suggested	 that	 children	 in	 neonatal	 intensive	 care	 units	 may	 have	 a	 higher	

prevalence	 of	 OME	 due	 to	 aspiration	 of	 meconium-stained	 amniotic	 fluid	 or	 ventilatory	

intubation	resulting	in	ET	dysfunction.113	However,	these	infants	are	typically	also	premature	

and	under-weight,	so	it	 is	difficult	to	separate	these	factors	from	birthweight	and	preterm	

birth.	As	with	preterm	birth	and	LBW,	many	studies	are	statistically	limited	by	having	a	low	

number	of	high-risk	infant	subjects.	

Admission	to	intensive	care	units	has	been	found	in	at	least	one	study	to	be	associated	with	

OME.21	This	effect	was	not	seen	until	six	months	of	age,	a	time	when	maternal	antibodies	in	
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the	 infant	 tend	 to	 decline,16	 and	 when	 tympanometry	 becomes	 easier	 to	 administer.	

However,	an	association	between	OM	and	high-risk	infants	has	not	been	replicated.116,	125-127	

Preterm	 infants	 are	 often	 required	 to	 be	 on	 incubators	 and	 to	 have	 nasotracheal	 or	

pharyngeal	 tubes.	 It	 has	 been	 speculated	 that	 these	 tubes	may	 cause	 ET	 dysfunction	 via	

damage	to	the	mucosal	lining	leading	to	inflammation	and	infection,	however	an	association	

between	intubation	and	OM	has	not	been	demonstrated	in	a	multivariable	analysis.113,	125,	128	

Table 3. High-risk infants 

Study  Design Size Age Results 

Engel et al.21 Case-

control 

250 0-2 yrs OME prevalence higher in high-risk-

infants compared with the control group 

observed at 6 months of age (p<0.05) 

Balkany et al.129 Case-

control  

175 0-4 mths Nasotracheal intubation >7 days 

associated with suppurative MEE - No 

inferential statistics used. 

Engel et al.113 Cohort  83 6-24 mths Ventilatory assistance not associated 

with OME in multivariable analysis, 

OR=3.2 (CI 0.5-21.2) (p>0.05) 

Feeding assistance not associated with 

OME in multivariate analysis, OR=1.5 

(CI 0.1-25.1) (p>0.05) 

Black116 Case-

control  

442 4-9 yrs No association between high-risk infants 

and OME (p>0.05) 

Gravel et al.126 Case-

control 

65 0-1 yrs Intensive care not associated with OME 

(no p value given) 

Ladomenou et al.127 Cohort 1049 0-12 mths AOM not associated with admission to 

neonatal ward in a multivariable model 

(p>0.05) 
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Daly et al.128 Cohort 596 0-6 mths Ventilatory assistance not associated 

with recurrent OM (p>0.05)  

Engel et al.125 Cohort 136 2-7 yrs Prematurity/LBW/incubator/artificial 

feeding/ventilation tubes not associated 

with OME recurrence 6 months after 

tympanostomy tube extrusion when 

adjusting for tobacco smoke exposure, 

OR=2.46 (CI 0.91-20.72) (p>0.05) 

Summary 

Evidence	is	lacking	to	support	high-risk	infant	status	or	intubation	as	risk	factors	independent	

of	birthweight	and	preterm	birth.	

2.1.4 Drug	exposure	and	pollution	during	pregnancy	

Maternal	intake	of	aspirin,	ibuprofen,	and	acetaminophen	have	not	been	found	to	correlate	

with	OM.128	Alcohol	intake	during	pregnancy	has	been	reported	to	correlate	with	early	AOM	

in	a	subgroup	analysis	of	264	mothers	from	the	Diana	cohort,	but	not	in	the	full	cohort,	nor	

in	other	studies.128,	130,	131	Taking	antibiotics	 including	penicillin	during	pregnancy	has	been	

found	to	be	associated	with	OM.130	No	association	has	been	found	between	unspecified	drug	

use	during	pregnancy	and	OME.116,	125,	132	Exposure	to	dioxin-like	compounds,	polychlorinated	

biphenyls,	and	organochlorines	through	the	environment	or	foods	has	been	reported	to	be	

associated	 with	 OM.133,	 134	 High	 level	 of	 these	 compounds	 has	 been	 detected	 in	 blood	

samples,	 cord	blood	and	breastmilk	 in	 children	with	OM.	 It	 has	been	 reported	 that	 these	

compounds	 affect	 immune	 cells	 including	 monocytes,	 granulocytes,	 and	 T-cells,134	 which	

could	increase	the	risk	of	infections	including	OM.	
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Table 4. Drug exposure 

Study  Design Size Age Results 

Kørvel-Hanquist et al.130 

 

Cohort 69,105 0-18 mths Penicillin associated with OM, OR=1.35 

(CI 1.15-1.58). Other antibiotics not 

associated after correction. Alcohol use 

not associated. 

Weisglas-Kuperus et 

al.134 

Cohort 207 0-42 mths High PCB levels are associated with an 

increased risk of ROM, OR=3.06 (CI 

1.19-7.98) (p=0.02) 

Miyashita et al.133 Cohort 364 0-18 mths High dioxin (polychlorinated 

dibenzofuran) concentration associated 

with OM, OR=2.50 (CI 1.07-5.88) 

(p<0.027) 

Brennan-Jones et al.131 Cross-

sectional 

2280 0-3 yrs Alcohol use not associated with ROM, 

OR=0.99 (CI 0.77-1.29) (p=0.98) 

Engel et al.125 Cohort 136 2-7 yrs No association with unspecified 

medication use during pregnancy and 

OME (p>0.05) 

Black116 Case-

control 

442 4-9 yrs No association with unspecified drug use 

and OME (p>0.05) 

Daly et al.128 Cohort 596 0-6 mths No association between aspirin, 

ibuprofen, acetaminophen or alcohol use 

during pregnancy and OME (p>0.05) 

Summary  

There	is	 insufficient	evidence	to	conclude	whether	prenatal	exposure	to	drugs	or	pollution	

are	risk	factors	for	OME.	Alcohol	may	be	relevant	in	AOM,	however	the	number	of	studies	is	

too	 limited	 to	 draw	 conclusions	 about	 alcohol	 use	 and	 OME.	 Antibiotics	 and	 dioxin-like	

compounds	need	further	study	in	relation	to	OME.	
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2.1.5 Micronutrient	levels	during	pregnancy	

Mothers	are	advised	to	take	folic	acid,	iodine	and	pregnancy	multivitamins	to	minimise	health	

issues	in	their	unborn	child.	Micronutrients	are	passed	from	mother	to	child	via	the	placenta	

during	pregnancy,	and	to	the	infant	through	breastmilk.	Maternal	insufficiency	of	immune-

supporting	micronutrients	during	pregnancy	may	lead	to	an	increased	risk	of	infection	in	the	

infant.	

Daly	and	colleagues	used	a	food	frequency	questionnaire	to	estimate	micronutrient	levels	in	

the	mother	during	pregnancy,	and	found	that	maternal	dietary	intake	of	vitamin	C	in	the	last	

trimester	may	have	a	protective	effect	against	OM	in	the	child	in	a	univariable	analysis,	but	

not	 in	a	multivariable	analysis.	Zinc,	 iron,	 fish	oil	and	other	unspecified	vitamins	were	not	

reported	to	correlate	with	recurrent	OM,128	or	OM	in	general.130	Cameron	et	al.	examined	

neonatal	deficiency	of	vitamin	A	(measured	via	cord	blood	concentration)	and	found	that	it	

may	be	a	risk	factor	for	an	increased	number	of	AOM	episodes.135	

Table 5. Micronutrient level 

Study  Design Size Age Results 

Daly et al.128 Cohort 596 0-6 mths High vitamin C intake in the third trimester 

was inversely correlated with ROM in 

univariable analysis, RR=0.6 (0.4 –0.9) 

(p<0.05), but not in multivariate analysis. 

Korvel-Hanquist et 

al.130 

Cohort 69,105 0-18 mths Fish oil, iron, and other vitamins not 

associated with OM (p>0.05) 

Cameron et al.135 Cohort 305 0-5 yrs Higher vitamin A concentration in plasma of 

umbilical cord associated with decreased 

AOM, RR=0.87 (0.83-0.92) per 5µg/dl 

(p<0.0001) 
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Summary 

The	evidence	is	inconclusive	as	to	whether	maternal	supplementation	with	vitamin	C	may	be	

protective	against	OM,	or	whether	a	deficiency	of	vitamin	A	may	be	a	risk	factor	for	AOM.	

2.1.6 Smoke	exposure	during	pregnancy	

Tobacco	smoke	exposure	during	pregnancy	is	associated	with	poor	health	outcomes	for	the	

child.	Mothers	are	strongly	advised	not	to	smoke	during	pregnancy.	It	has	become	less	socially	

acceptable	to	admit	to	smoking	during	pregnancy,	which	may	make	parental	self-reporting	of	

smoking	unreliable	and	reduce	the	likelihood	of	finding	associations	between	smoking	and	

OM.	

Van	Cauwenberge	&	Kluyskens	reported	smoking	during	pregnancy	to	be	associated	with	an	

increase	in	the	incidence	of	OME	and	AOM.	It	was	suggested	that	this	could	be	due	to	the	

effect	 smoking	 has	 on	 LBW	 and	 preterm	 birth.16,	 123	 However,	 this	 finding	 has	 not	 been	

replicated	 in	 other	 smaller	 studies.	 No	 association	 has	 been	 reported	 between	 smoking	

during	pregnancy	and	prevalence,	recurrence,	or	duration	of	OME,	MEE,	AOM,36,	116,	118,	125,	

128,	136	or	TTP.115			

Table 6. Smoking during pregnancy  

Study  Design Size Age Results 

Stathis et al.137 Cohort 8556 0-5 yrs Maternal smoking of > 20 cigarettes 

daily associated with increased risk of 

TTP by 5 years, Adjusted OR=2.9 (CI 

1.3-6.6) (p=0.05) 

Van Cauwenberge & 

Kluyskens123 

Cohort 2069 2-6 yrs Maternal smoking of > 15 cigarettes 

daily associated with increased 
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incidence of OME or AOM 

univariably (p=0.05) 

Gultekin et al.36 Cohort 1740 5-12 yrs Maternal smoking not associated with 

COME univariably (p>0.05) 

Pedersen et al.115 Cohort 700 0-5 yrs No association between maternal 

smoking during pregnancy and TTP 

univariably (p=0.95) 

Casselbrant et al.136 Cohort 198 0-2 yrs Maternal smoking not associated with 

MEE or AOM univariably (p>0.05) 

Engel et al.125 Cohort 136 2-7 yrs Self-reported maternal smoking not 

associated with OME recurrence 

(p>0.05) 

Black116 Case-

control 

350 4-9 yrs Exposure to tobacco smoke not 

associated with OME (p>0.05)  

Chantzi et al.118 Case-

control 

168 1-7 yrs Maternal smoking not associated with 

OME (p=0.94) 

Summary 

A	few	studies	have	found	that	smoking	during	pregnancy	was	a	risk	factor	for	OME,	but	most	

have	not	 found	an	association.	However,	 the	 study	 that	did	 find	an	association	had	more	

subjects	than	the	other	studies	combined,	and	was	conducted	in	an	era	when	smoking	was	

more	socially	accepted.	A	meta-analysis	of	the	studies	may	be	valuable	to	examine	whether	

smoking	 during	 pregnancy	 has	 an	 association	with	OME	 that	 is	 not	 detectable	 in	 smaller	

studies	with	 lower	 statistical	 power.	 No	 studies	 have	 been	 identified	 that	 used	 objective	

measures	of	smoke	exposure	during	pregnancy.	Urine	and	serum	cotinine	 levels	may	be	a	

more	reliable	measure.	
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2.1.7 Pregnancy	complications	

Poor	maternal	health	in	pregnancy	can	vary	from	morning	sickness	to	more	serious	conditions	

like	preeclampsia.	Subjective	reporting	of	poor	health	during	pregnancy	has	been	reported	to	

be	associated	with	AOM	in	the	infant.127	

De	 Felice	 and	 colleagues	 describe	 an	 association	 between	 OME	 and	 histological	

chorioamnionitis	(HCA),	a	disease	of	the	second	half	of	pregnancy	that	is	often	sub-clinical	

and	commonly	associated	with	preterm	birth.	 In	very	 low	birthweight	preterm	newborns,	

those	with	HCA	were	more	likely	to	have	multiple	episodes	of	OME	over	the	first	three	years	

of	 life,	and	had	their	 first	episode	of	OME	at	an	earlier	age.	HCA	was	also	associated	with	

bilateral	OME.	In	a	multivariable	analysis	the	association	between	HCA	and	multiple	episodes	

of	OME	was	very	strong.138	

It	has	been	suggested	that	meconium-stained	amniotic	fluid	may	cause	more	amniotic	fluid	

cellular	 content	 in	 the	ME,	 which	 may	 lead	 to	 chronic	 inflammation	 in	 the	ME	 and	 OM	

development.	Two	studies	have	looked	at	meconium-stained	amniotic	fluid	and	found	it	not	

to	be	associated	with	OME	recurrence125	or	with	prevalence	of	type	B	tympanograms	in	the	

first	 or	 second	 to	 fourth	 year	 of	 life.139	 Other	 pregnancy	 complications	 such	 as	 nausea,	

vomiting,	diarrhoea,	headache,	fever,	or	allergic	symptoms	in	the	third	trimester	have	also	

not	 been	 associated	with	 recurrent	OM.128	 Pregnancy	 complications	 such	 as	 raised	 blood	

pressure,	 anaemia,	 haemorrhaging,	 rubella,	 and	 influenza	 were	 also	 not	 found	 to	 be	

associated	with	OME.116	
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Table 7. Pregnancy complications 

Study  Design Size Age Results 

Ladomenou et al.127 Cohort 1049 0-12 mths Ill health associated with AOM in a 

multivariable model OR=1.61 (CI 

1.18-2.19) (p<0.01) 

De Felice138 Case-control 245 0-3 yrs HCA associated with OME in first 3 

years of life (p<0.0001) 

HCA associated with early onset of 

OME (p<0.0001). HCA was also 

associated with bilateral OME 

(p<0.00001).  

HCA was associated with multiple 

episodes of OME in multivariate 

analysis OR=17.76 (CI 8.98-35.13) 

(p<0.0001) 

Daly et al.128 Cohort 596 0-6 mths No association with nausea, 

vomiting, diarrhoea, headache, fever 

or allergic symptoms in the third 

trimester with recurrent OM 

univariably (p>0.05) 

Straetemans et 

al.139 

Cohort 127 2-3.9 yrs Meconium stained amniotic fluid not 

associated with Type B 

tympanograms in the first year of life 

adjusted OR=0.86 (CI 0.27-2.73) or 

from 2-4 yrs of life, OR=0.81 (CI 

0.38-1.76) 

Black116 Case-control 350 4-9 yrs Increased maternal BP, anaemia 

haemorrhaging, rubella, influenza 

not associated with OME (p>0.05)  
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Summary 

HCA	has	been	shown	by	one	study	to	be	a	risk	factor	for	OME.	Further	studies	with	clearly	

defined	pregnancy	complications	may	be	warranted.	Other	pregnancy	complications	have	not	

been	found	to	be	risk	factors	for	OME.	No	studies	were	identified	that	examined	pregnancy	

complications	 such	 as	 pre-eclampsia,	 urinary	 tract	 infection,	 or	 gestational	 diabetes	 in	

relation	to	OM.	

2.1.8 Maternal	age	

There	 is	 minimal	 evidence	 for	 maternal	 age	 being	 a	 risk	 factor	 for	 OME.	 Paradise	 and	

colleagues	 found	 higher	 days	 with	 MEE	 to	 be	 associated	 with	 lower	 maternal	 age	 in	 a	

univariable	 analysis	 of	 the	 first	 and	 second	 years	 of	 life.	 Maternal	 age	 was	 no	 longer	

associated	 in	 a	 multivariable	 analysis,	 and	 the	 authors	 concluded	 that	 any	 apparent	

association	between	low	maternal	age	and	MEE	was	attributable	to	related	socioeconomic	

factors.124	Other	studies	have	found	no	relationship	between	mother’s	age	and	OME,34,	125	or	

TTP.115	

Table 8. Maternal age 

Study  Design Size Age Results 

Paradise et al.124 Cohort 2253 0-2 yrs Lower maternal age associated with 

more days with MEE in the 1st and 

2nd year of life in univariable 

analysis (p<0.001) 

No association in multivariable 

analysis (p>0.05) 

Apostolopoulos et 

al.34 

Cohort 5121 6-12 yrs No association found with OME and 

maternal age (p>0.05) 
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Pedersen et al.115 Cohort 700 0-5 yrs No association between maternal age 

and TTP (p=0.93) 

Engel et al.125 Cohort 136 2-7 yrs No association with maternal age 

and OME recurrence (p>0.05) 

Summary 

Few	studies	examined	possible	links	between	OME	and	maternal	age	and	none	of	them	found	

a	relationship	once	multivariable	analysis	was	used.	Maternal	age	does	not	appear	to	be	likely	

to	be	a	risk	factor	for	OME.	

2.1.9 Difficult	birth	

Jaffe	 et	 al.	 has	 described	 premature	 rupture	 of	 the	membranes	 as	 a	 risk	 factor	 for	OME,	

however	the	statistical	significance	of	this	result	was	not	reported.108	Black	investigated	“type	

of	delivery”	as	a	risk	factor	for	OME	and	found	there	to	be	no	association,	although	it	is	not	

clear	what	delivery	types	were	investigated.116	Pedersen	et	al.	examined	whether	caesarean	

section	was	associated	with	TTP	and	found	no	relationship.	

Table 9. Difficult birth 

Study  Design Size Age Results 

Jaffe et al.108 Cohort 127 0-7 mths Premature rupture of the membranes 

>12 hours before labour associated 

with OME (no inferential statistics 

reported). 

Pedersen et al.115 Cohort 700 0-5 yrs No association between c-sect and 

TTP univariably (p=0.72) 

Black116 Case-control 442 4-9 yrs No association with type of delivery 

and OME (p>0.05) 
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Summary 

More	research	is	needed	to	establish	whether	a	relationship	exists	between	type	of	delivery	

or	 labour	 complications	 and	 the	 risk	 of	 OME.	 Few	 studies	 addressed	 issues	 surrounding	

difficult	birth	and	their	findings	were	limited.	

2.1.10 Birth	length	and	skull	circumference	

An	association	between	small	skull	circumference	and	OME,	and	between	short	birth	length	

and	OME,	 has	 been	 reported	 in	 Belgian	 children.123	 Cohort	 studies	 in	 Greece,34	 NZ,11	 the	

Netherlands,125	and	 the	UK106,	120	have	not	 found	any	association	between	OME	and	birth	

length	or	skull	circumference.	

Table 10. Birth length and skull circumference  

Study  Design Size Age Results 

Van Cauwenberge & 

Kluyskens123 

Cohort 2065 2-6 yrs Association between small skull 

circumference and OME univariably 

(p<0.05) 

Association between short birth length 

and OME univariably(p<0.05) 

Apostolopoulos et al.34 Cohort 5121 6-12 yrs No association between OME and 

birth length or skull circumference 

(p>0.05) 

Chalmers et al.11  Cohort 1661 0-15 yrs No association between OME and 

birth length or skull circumference 

(p>0.05) 

MRC Multi-centre Otitis 

Media Study Group106 

Cohort 639 3.25-6.75 

yrs 

No association between skull 

circumference and persistence of OME 

(p=0.24) 
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Clark et al.120 Case-

control 

279 3-8 yrs Birth length (p=0.4) and head 

circumference (p=0.6) not associated 

with OME. 

Engel et al.125 Cohort 136 2-7 yrs No association between OME and 

birth length or skull circumference 

(p>0.05) 

Summary 

Most	 studies	 have	 found	 no	 relationship	 between	 cranial	 circumference	 and	 OME,	 or	

between	birth	length	and	OME.	It	appears	unlikely	that	cranial	circumference	or	birth-length	

are	risk	factors	for	OME.	

2.1.11 Scan	exposure	and	amniocentesis	

Black	 found	 no	 association	 between	 OM	 and	 x-ray	 or	 amniocentesis.116	 Daly	 et	 al.	 also	

reported	no	association	between	amniocentesis	and	AOM	or	recurrent	OM.128	

Table 11. Scan exposure and amniocentesis 

Study  Design Size Age Results 

Daly et al.128 Cohort 596 0-6 mths No association with amniocentesis 

exposure and OM (p>0.05) 

Black116 Case-control 442 4-9 yrs No association with x-ray or 

amniocentesis exposure and OME 

(p>0.05) 

Summary 

Two	studies	have	been	identified	that	investigated	amniocentesis	and	one	has	considered	x-

ray	exposure.	The	evidence	does	not	indicate	any	relationship	with	OM.	
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2.1.12 Season	of	birth	

The	time	of	year	when	a	child	is	born	may	influence	exposure	to	certain	pathogens,	which	

may	 increase	 the	 risk	 of	OM	development.	ME	pathogens	may	be	more	prevalent	 during	

certain	seasons,140	and	this	may	explain	the	link	between	OM	and	season	of	birth.	

Biles	 et	 al.	 found	 that	 Texan	 children	 born	 in	 late	 summer	 and	 autumn	 had	 a	 higher	

prevalence	of	recurrent	OM,	and	that	the	seasonal	pattern	fitted	a	sine	curve.141	Daly	et	al.	

also	found	that	birth	in	autumn	was	associated	with	recurrent	OM.128	Children	born	in	this	

period	are	about	six	months	old	at	the	peak	of	winter,	a	time	where	URIs	are	prevalent.141	At	

this	age	maternal	antibodies	are	less	abundant	and	the	infant’s	own	antibody	production	is	

minimal,	 which	 could	 make	 the	 infant	 especially	 prone	 to	 infection.142	 Serum	 25(OH)D	

concentration	is	also	low	through	winter	and	spring,143	which	can	also	predispose	to	infection.			

Paradise	 et	 al.	 found	 an	 association	 between	 season	 of	 birth	 and	 days	 with	 MEE	 in	 a	

univariable	analysis	of	the	first	year	of	life,	but	not	the	second	year.	No	association	was	found	

using	a	multivariable	analysis.124	Others	have	found	no	association	between	OME	prevalence	

and	date	of	birth,109	or	TTP.115	

Table 12. Season of birth 

Study Design Size Age Results 

Biles et al.141 Cohort 1018 0-8 yrs Children born in late summer 

and autumn had higher 

prevalence of recurrent OM 

(p=0.05) 

Seasonal pattern fitted sine 

curve (p=0.01) 
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Daly et al.128 Cohort 596 0-6 mths Birth in autumn associated with 

recurrent OM in multivariable 

analysis, RR=2.6 (CI 1.4-4.7) 

(p<0.05)  

Paradise et al.124 Cohort 2253 0-2 yrs MEE associated with season in 

univariate analysis in first year 

of life (p < 0.01) but not in 2nd 

(p=0.4) 

No association in multivariate 

analysis (p<0.05) 

Pedersen et al.115 Cohort 700 0-5 yrs No association between season 

of birth and TTP univariably 

(p=0.28) 

Engel et al.109  Cohort 250 0-2 yrs No association with date of birth 

and OME (p>0.05) 

Summary 

Birth	in	late	summer	or	autumn	may	be	a	risk	factor	for	OME.	This	is	biologically	plausible	as	

infants	may	be	exposed	to	decreased	25(OH)D	concentration	and	increased	URIs	at	an	age	

when	their	immune	system	is	immature.	

2.2 Infancy	and	feeding	practices	

2.2.1 Reflux	

Gastroesophageal	reflux	disease	(GERD)	in	infants	involves	movement	of	the	gastric	contents	

in	the	stomach	to	the	oesophagus,	with	the	most	common	symptom	being	regurgitation	or	

vomiting.	Diagnosis	 is	usually	based	on	parent-reported	observations	of	 crying,	 irritability,	

and	regurgitation	after	a	meal.	There	have	been	reports	of	GERD	being	associated	with	upper	

respiratory	tract	diseases144	and	COME.145	The	digestive	enzyme	pepsin	has	been	isolated	in	

MEE.146-149	This	supports	the	plausibility	of	stomach	contents	reaching	the	ME	due	to	reflux,	
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which	may	cause	inflammation	in	the	upper	airway.	Pepsin	concentration	is	higher	in	younger	

children	compared	with	older	children.148,	150	However,	pepsin	has	been	reported	to	be	active	

in	only	34.3%	of	MEs	in	which	it	was	present,	due	to	inhibition	by	pH	above	6.151	Alternative	

hypotheses	 for	 how	 pepsin	 might	 reach	 the	 ME	 are	 by	 fluid	 transudate	 as	 plasma	 also	

contains	 pepsinogen,	 or	 the	 possibility	 that	 the	ME	 produces	 pepsin	 directly.	 Tasker	 and	

colleagues	reported	that	pepsin	concentration,	as	measured	by	ELISA	in	the	MEE	was	1000	

times	higher	than	that	found	in	serum,	and	reported	no	evidence	of	the	ME	being	able	to	

produce	pepsin.147	Some	studies	have	not	found	an	association	between	GERD	symptoms	and	

OM152	or	TTP.148	

A	systematic	review	conducted	by	Miura	and	colleagues	 in	2012	examined	15	studies	and	

concluded	that	there	appeared	to	be	an	increased	prevalence	of	GERD	in	children	with	OME,	

while	noting	that	it	was	unclear	whether	anti-reflux	medication	was	beneficial	for	OME.151	

Table 13. Reflux 

Study  Design Size Age Results 

Miura et al.151 Systematic 

review 

1513 1.1-7.05 yrs  Children with COME have a mean 

GERD prevalence of 48.4% (17.6-

64%)  

Mean pepsin/pepsinogen presence of 

85.3% (60-100%) 

Mean presence of enzymatic activity 

of 34.2% (14.5-73%) 

2 RCTs found anti-reflux therapy not 

beneficial   

O’Reilly et al. et al.153 Cohort 129 7mths-16 

yrs 

Pepsin present in 41% of MEE in 

children undergoing TTP 
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Formanek et al.154 Cohort 44 1-7 yrs Pepsin in MEE present in 31.8% of 

children with COME undergoing 

TTP 

Luo et al.149 Case-control 128 2-8 yrs Pepsinogen expression in adenoid 

tissue higher in children with OME 

undergoing TTP than in 

adenoidectomy control group or 

cochlear implant control group 

Pepsin found in 71% of MEE in 

children with OME compared with 

16.67% of children undergoing 

cochlear implants  

Concentration of pepsin in MEE in 

children with OME 51.93ng/ml 

compared with 7.43ng.ml in controls 

(p<0.001) 

Summary 

There	is	evidence	of	pepsin	in	MEE	and	adenoid	tissue,	and	children	with	OME	appear	to	have	

a	higher	prevalence	of	GERD.	

2.2.2 Feeding	method	

In	1950,	Day	stated	a	belief	that	infants	should	be	positioned	with	their	heads	“elevated	at	

least	30	degrees	from	the	horizontal”	when	bottle	feeding,	to	help	prevent	OME.155	The	term	

“positional	otitis	media”	was	coined	in	1960	to	denote	inflammation	of	the	ME	due	to	supine	

feeding.156	Tully	and	colleagues	reported	that	supine	bottle	feeding	was	associated	with	type	

B	 tympanograms	 immediately	 after	 feeding,	 compared	 to	 semi-upright	 bottle	 feeding.157	

Since	 these	 studies	 there	 has	 been	 little	 evidence	 of	 an	 association	 between	 feeding	

method/position	and	OME,	with	only	one	study	having	found	that	supine	feeding	lead	to	an	

earlier	development	of	OME,105	and	another	finding	bottle	feeding	associated	with	OME.121	
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Other	studies	have	found	no	association	between	supine	bottle	feeding	and	bilateral	OME,18	

between	supine	bottle	feeding	and	OME,118	or	between	exclusive	bottle	feeding	in	the	first	

two	years	of	life	and	later	onset	of	OME.158	Possible	confounders	such	as	formula	feeding	and	

lack	of	breastfeeding	have	not	been	accounted	for	in	research	to	date.	

Table 14. Feeding method 

Study  Design Size Age Results 

Tully et al.157 RCT 90 7-24 mths Supine bottle feeding position 

associated with type B tympanogram 

immediately after feeding (p<0.005) 

Owen et al.105 Cohort 698 0-2 yrs Supine feeding associated with OME 

(p=0.05) 

Saim et al.121 Cross-

sectional 

1097 5-6 yrs Bottle feeding associated with OME 

(p<0.01) 

Duncan156 Cohort 180 “Infants” No control group used, no inferential 

statistics reported 

Dewey et al.18 Cohort 1590 8 mth – 42 

mths 

No association between supine bottle 

feeding and bilateral OME (p>0.05) 

Humaid et al.158  Cohort 1488 6-12 yrs No association with bottle feeding 

and OME (p=0.62) 

Chantzi et al.118 Case-control 168 1-7 yrs No association between supine bottle 

feeding and OME (p=0.76) 

Summary 

While	there	is	evidence	from	a	controlled	trial	that	supine	bottle	feeding	is	associated	with	

risk	of	 type	B	tympanogram	immediately	after,	evidence	of	a	relationship	between	supine	

bottle	feeding	and	OME	is	mixed,	with	only	one	controlled	study	finding	an	association.	If	milk	



LITERATURE	REVIEW	

 45 

does	enter	the	middle	ear	during	supine	bottle	feeding,	it	could	flush	otopathogens	from	the	

NP	into	the	ME.	However,	this	possible	mechanism	has	not	been	investigated.	

2.2.3 Breastfeeding	

A	dose-response	relationship	between	 length	of	breastfeeding	and	decreased	risk	of	OME	

and	AOM	has	been	demonstrated	in	the	first	year	of	life.11,	32,	101,	105,	109,	159	Some	studies	have	

found	 the	 protective	 effect	 of	 breastfeeding	 to	 decrease	 as	 the	 child	 gets	 older	 and	

breastfeeding	ceases.8,	124,	160	However,	one	study	has	 found	breastfeeding	history	 to	be	a	

significant	predictor	of	OME	for	as	long	as	eight	years.161	

Several	studies	have	not	found	an	association	between	breastfeeding	and	OME.18,	114,	117,	118,	

162	 Some	 of	 these	 studies	 examined	 children	 aged	 as	 old	 as	 five-12	 years.	 If	 there	 is	 a	

protective	effect	of	breastfeeding	on	OME	that	declines	with	time,	some	of	these	studies	may	

have	been	looking	at	children	at	too	late	an	age	to	observe	the	effect.		

Mechanisms	 that	 may	 explain	 a	 protective	 effect	 of	 breastfeeding	 against	 OME	 include	

exposure	 to	 beneficial	 microorganisms,	 transfer	 of	 antibodies,	 improved	 nutrition,	 and	

antimicrobial	properties.	Factors	in	breastmilk	may	interfere	with	the	attachment	of	bacteria	

to	 the	epithelial	 surface	of	 the	ET	and	ME.159,	163	Formula-fed	babies	have	higher	 levels	of	

casein	specific	IgA-	and	IgG-secreting	cells	and	a	more	inflammatory	cytokine	profile	with	an	

increase	in	TNFa	and	IL-2,	and	a	decrease	in	transforming	growth	factor-beta	(TGFb2).	TNFa	

has	been	found	to	disrupt	mucosal	barriers,	whereas	TGFb	contributes	to	mucosal	barriers	by	

promoting	 IgA	 tolerisation.164	 Sabirov	 and	 colleagues	 reported	 that	 exclusively	 breastfed	

infants	had	higher	serum	IgG	antibody	to	NTHI	and	its	protein	P6,	and	were	colonised	less	

with	 NTHI.165	 Breastmilk	 has	 been	 found	 to	 have	 a	 greater	 effect	 on	 the	 respiratory	

microbiota,	 whereas	 the	 introduction	 of	 solids	 have	 more	 of	 an	 effect	 on	 the	 gut	
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microbiota.166	Having	a	healthy	gut	and	respiratory	microbiome	may	also	deter	colonisation	

by	 otopathogens.	 This	 “healthy	 microbiome”	 may	 occur	 via	 bacterial	 transfer	 from	

breastfeeding.	 Breastfed	 babies	 also	 have	 a	 different	 gut	 microbiome	 than	 formula	 fed	

babies,	with	more	commensal	bacteria	such	as	bifidobacteria	that	could	protect	the	infant	

against	infections.	Breastmilk	contains	oligosaccharides	that	favour	commensal	growth.		

Table 15. Breastfeeding 

Study  Design Size Age Results 

Paradise et al.124 Cohort 2253 0-2 yrs Breastfeeding for at least 4 months 

protective against days with MEE in 

the first year of life (p=0.05) 

Breastfeeding for at least 4 months 

not protective against days with MEE 

in the second year of life (p>0.05) 

Chalmers et al.11 Cohort 1661 0-15 yrs Shorter duration of breastfeeding 

associated with increased risk of 

OME (p<0.001) 

Zielhuis et al.101 Cohort 1439 2-4 yrs Longer duration of breastfeeding 

associated with decreased OME 

(p<0.05) 

Brennan-Jones et al.160 Cohort 1276 0-6 yrs Breastfeeding for less than 6 months 

associated with OM at 3 years of age, 

OR=1.35 (CI 1.08-1.68) (p=0.009), 

but not at 6 years of age, OR=1.34 

(CI 0.81-2.23) (p=0.26) in a 

multivariable analysis 
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Owen et al.105 Cohort 698 0-2 yrs Shorter duration of breastfeeding 

associated with OME up until 6 mths 

of age (p=0.0001) 

Shorter duration of breastfeeding not 

associated with OME after 6 mths of 

age (p>0.05) 

Shorter duration of breastfeeding not 

associated with onset of OME 

(p>0.05) 

Teele et al.8 Cohort 498 0-7 yrs Breastfeeding had a protective effect 

against OME in first year of life 

 1< episodes RR=0.64 (CI 0.4-0.9) 

3≤ episodes RR=0.51 (CI 0.3-0.9) 

Duffy et al.159 Cohort 306 0-2 yrs At 3 mths exclusive formula feeding 

compared to exclusive breastfeeding 

not associated with OME in first 24 

months, ß=0.91, (-0.16-1.97) 

(p>0.05) 

At 6 mths exclusive formula feeding 

compared to exclusive breastfeeding 

associated with OME in first 24 

month, ß=1.83 (0.44-3.21) (p<0.05) 

At 6 mths exclusive formula feeding 

compared to combined breast and 

formula feeding was associated with 

OME in first 24 mths ß=1.1, (CI 

0.02-2.17) (p<0.05) 

At 12 mths exclusive formula feeding 

or weaned at 12 mths compared to 

combined breast and formula feeding 

associated with later initial OME 

episode ß=1.19 (CI 0.17-2.21) 

(p<0.05) 

Engel et al.109 Cohort 250 0-2 yrs OME associated with time since last 

breastfeed (p<0.05) 



LITERATURE	REVIEW	

 48 

Mandel et al.161 Cohort 127 1-8 yrs Breastfeeding associated with OME 

incidence, r=0.22 (p=0.02) 

Marchisio et al.32 Cohort 3413 5-7 yrs Breastfeeding for < 6 mths associated 

in univariable analysis. 

Breastfeeding for < 6 months not 

associated in multivariable analysis 

Pedersen et al.115 Cohort 700 0-5 yrs No association between mean 

number of days exclusively breastfed 

and TTP (p=0.87) 

Martines et al.167 Case-control 2097 5-14 yrs Breastfeeding not associated with 

OME (p=0.05) 

Dewey et al.18 Cohort 1590 8 mth-3.5 

yrs 

No association with duration and 

exclusivity of breastfeeding and 

OME (p>0.05) 

Gultekin et al.36 Cohort 1740 5-12 yrs No association between breastfeeding 

for =< 6 months and COME (p>0.05) 

MRC Multi-centre Otitis 

Media Study Group106 

Cohort 639 3.25-6.75 

yrs 

No association with breastfeeding < 4 

months (p=0.47) 

Paterson et al.162 Cohort 656 2 yrs No association of OME with 

breastfeeding, combination or 

formula-fed status at 6 weeks in 

univariable analysis (p=0.16)  

Sassen et al.28 Cohort  289 0-2 yrs No association between breastfeeding 

and OME in multivariable analysis 

(p>0.05) 

Xenellis et al.114 Cohort 250 6-12 yrs No association with persistence of 

OME, OR=0.93 (CI 0.39-2.16) 

(p=0.86) 

Tong et al.117 Nested case-

control 

300 5-7 yrs No association between breastfeeding 

and OME, OR=0.84 (CI 0.47-1.5) 

(p=0.55) 
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Chantzi et al.118 Case-control 168 1-7 yrs Presence or absence of breastfeeding 

not associated (p=0.43) 

Exclusive breastfeeding for at least 4 

months not associated (p=1.0) 

Summary 

More	than	half	of	relevant	studies	have	reported	that	breastfeeding	patterns	are	a	risk	factor	

for	OME	developments	both	in	terms	of	how	long	the	child	was	breastfed,	age	of	the	child	at	

cessation	 of	 breastfeeding	 and	 exclusivity	 of	 breastfeeding.	 It	 appears	 likely	 that	 limited	

duration	of	breastfeeding	is	a	risk	factor	for	OME.	

2.2.4 Infant	formula	and	cow’s	milk	

The	World	Health	Organization	recommends	that	mothers	exclusively	breastfeed	their	infants	

for	the	first	six	months,	followed	by	a	combination	of	breastfeeding	and	other	appropriate	

foods	 until	 at	 least	 two	 years	 of	 age.168	 In	 an	 effort	 to	 change	 perceptions	 of	 exclusive	

breastfeeding	to	being	a	norm	against	which	the	risks	of	formula	feeding	could	be	assessed,	

McNiel	and	associates	re-assessed	the	infant	feeding	literature	using	exclusive	breastfeeding	

(including	expressed	breastmilk)	as	the	baseline	to	which	all	other	foods	were	compared.169	

The	pooled	results	 indicated	that	 the	 introduction	of	 formula	 (and	potentially	other	 foods	

such	 as	 cow’s	milk,	 although	 this	 was	 not	 specified)	 in	 the	 first	 three	 to	 six	months	was	

associated	with	OM	with	an	OR	of	2.	This	finding	was	later	supported	by	Brennan-Jones	and	

colleagues	 who	 reported	 that	 introduction	 of	 other	 milk	 before	 six	 months	 of	 age	 was	

associated	with	OM	at	three	years	of	age.160	Cow’s	milk	protein	allergy	has	been	found	to	be	

associated	with	TTP.170	
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Table 16. Infant formula and cow’s milk 

Study  Design Size Age Results 

McNiel et al.169 Meta-

analysis 

2899 6 mths Lack of exclusive breastfeeding 

associated with OM, pooled OR=2 

(CI 1.40-2.78) 

Brennan-Jones et al.160 Cohort 1276 0-6 yrs Other milk introduced before 6 

months associated with OM at 3 

years of age, OR=1.33 (CI 1.03-1.69) 

(p=0.024), but not at 6 years of age, 

OR=0.71 (CI 0.48-1.06) (p=0.09) in 

a multivariable analysis. 

Gibbons et al.170 Case-control 84 0-2 yrs Non-IgE-mediated cow’s milk 

protein allergy associated with TTP 

in univariable analysis, (p<0.001) 

Summary 

There	 is	 reasonable	 evidence	 that	 the	 introduction	 of	 infant	 formula	 (or	 any	 other	 non-

breastmilk	foods)	in	the	first	six	months	of	life	may	increase	the	risk	of	OM,	although	whether	

it	increases	the	risk	of	COME	has	not	been	addressed.	One	pilot	study	found	that	cow’s	milk	

protein	allergy	may	be	associated	with	COME,	however	the	degree	to	which	introduction	(or	

early	introduction)	of	cow’s	milk	may	affect	the	risk	of	COME	in	the	general	population	has	

not	been	studied.	

2.3 Other	host-related	factors	

2.3.1 Age	

Prevalence	of	OME	appears	to	increase	from	birth	and	peak	at	about	ten	months	of	age,	when	

almost	half	of	children	have	effusion,	and	reduce	thereafter.109,	124	The	observed	peak	in	OME	

prevalence	before	one	year	of	age	may	 reflect	 the	decline	of	passively	acquired	maternal	
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antibodies,	decreases	in	breastfeeding,	and	increases	in	daycare	over	the	first	year.	From	the	

first	to	the	second	year	of	life	there	is	a	marked	decline,28	which	continues	until	five	years	of	

age	and	older.18,	171-173	This	decline	in	risk	of	OME	with	age	has	been	explained	by	maturation	

of	the	immune	system	and	the	ET.174	

Prevalence	of	OME	continues	to	decline	during	school	years.	Williamson	and	colleagues	found	

prevalence	rates	of	OME	in	five	year	olds	to	be	roughly	triple	that	of	eight	year	olds.33	The	

relative	risk	for	OME	has	been	observed	to	reduce	by	34%	for	every	two	years	of	age	in	Greek	

school-children.34	An	inverse	correlation	between	age	and	OME175	and	persistence	of	OME114	

has	also	been	reported.	Italian	children	aged	five-to-six	years	have	been	observed	to	have	a	

higher	prevalence	of	COME	than	older	children	up	to	13-14	years.176	

A	1988	meta-analysis	of	23	studies	indicated	a	bimodal	curve	for	prevalence	of	OME	with	the	

largest	peak	at	two	years	of	age,	followed	by	a	second	peak	at	five	years	of	age.	The	first	peak	

may	be	a	variation	on	the	roughly	one-year	peak	found	in	the	more	recent	studies	described	

above.	The	second	peak	could	relate	to	an	increased	exposure	to	infection,	especially	upper	

respiratory	tract	infection,	at	school	entry	age.9	

Early	 onset	 of	 OM	 has	 also	 been	 found	 to	 be	 a	 risk	 factor	 for	 later	 OME	 development.	

Marchant	and	colleagues	found	that	onset	of	MEE	by	two	months	of	age	was	associated	with	

more	time	with	bilateral	MEE	over	the	first	year	of	life.27	A	similar	pattern	has	been	found	in	

children	 diagnosed	 with	 OM	 before	 one	 year	 of	 age,	 who	 were	 at	 an	 increased	 risk	 of	

developing	recurrent	OM.141	These	results	suggest	either	that	early	episodes	of	OME	have	

effects	that	predispose	individuals	to	later	incidents,	or	that	factors	predisposing	individuals	

to	OME	have	an	influence	from	an	early	age	and	continue	to	be	present	in	later	childhood.	
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Table 17. Age 

Study  Design Size Age Results 

Paradise et al.124 Cohort 2253 0-2 yrs Time with MEE higher in first year 

of life (20.4%) than second year of 

life (16.6%) (statistical significance 

not reported) 

Apparent growth in prevalence of 

MEE up to around 7-10 months of 

life, then decline (see figure 2 in 

Paradise et al.) 

Martines et al. 176 Cohort 2097 5 -14 yrs OME prevalence decreases with age 

from 12.9% at 5-6 years of age to 

3% at 13-14 years of age 

(p<0.0001) 

Humaid et al.158 Cohort 1488 6 -12 yrs OME prevalence higher in 6-7 year 

olds than 8-12 year olds, OR=4.23 

(CI 2.85-6.29) (p=0.0001) 

univariably. In a multivariable 

model age less than 8 years 

associated with OME, OR=5.05 (CI 

3.29-7.76) 

Dewey et al.18 Cohort 1590 8 mth-3.5 

yrs 

Bilateral prevalence decreases with 

age from 24.6% at eight months of 

age to 11.9% at 43 months 

(OR=0.84 per year (CI 0.76-0.92) 

(p<0.05) 

Midgley et al.173 Cohort 1400 8 mth-5 yrs Type B tympanogram decreases 

with age from 36.6% at eight 

months of age (in winter) to 10.5% 

at 61 months (p<0.02) 

Williamson et al.33 Cohort 856 5-8 yrs OME prevalence is 17% at 5 years 

of age, 6% at 8 years of age (no test 

of statistical significance) 
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Zielhuis et al.9 Meta-

analysis 

609 2-5 yrs Prevalence	peaks	at	2	years	and	5	

years	in	meta-analysis	(no	

inferential	statistics	used)	

Sassen et al.28 Cohort 289 0-2 yrs In multivariable analysis, OR=0.98 

per month of age (CI 0.97-0.99) 

(p=0.007) 

Meyer et al.172 Cohort 270 3-5 yrs Higher tympanometry failure in 3 

year olds than 4 and 5 year olds, 

OR=1.99 (CI 1.03-3.84) (p<0.05) 

Xenellis et al.114 Cohort 250 6-12 yrs 

In multivariate analysis for every 2 

years of age persistence of OME 

reduced, OR=0.53 (CI 0.32-0.79) 

(p= 0.002) 

Engel et al.109  Cohort 250 0-2 yrs Prevalence OME decreases with 

age (p<0.001) 

Peak prevalence of OME at 10 

month (p<0.001) 

Marchant et al.27 Cohort 70 0-1 yrs MEE in first 2 months of age 

associated with more months of 

bilateral MEE in first year of life 

(p=0.00009) 

Biles et al.141 Cohort 1018 0-8 yrs Onset before 13 months of age 

associated with recurrent OM 

(p=0.00037)  

Apostolopoulos et al.34 Cross-

sectional 

5121 School age RR reduced by 34% for every 2 

years of age (p=0.001) 

Kouwen et al.175  Cross-

sectional 

1756 2-6 yrs Increasing age inversely associated 

with OME, OR=0.71 (CI 0.60-0.84) 

(p<0.0001) 

Marseglia et al.171 Cross-

sectional 

287 2-15yrs 2-5 years OR=5.17 (CI 1.73-15.42) 

(p=0.003) in multivariable analysis 
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6-10 years OR=3.28 (CI 1.07-10) 

(p=0.037) in a multivariable 

analysis 

Summary 

Young	age	has	been	shown	to	be	a	major	risk	factor	for	OME	in	numerous	studies.	

2.3.2 Sex	

Several	studies	have	found	boys	to	be	somewhat	more	at	risk	of	OME	and	AOM,	and	to	spend	

more	time	with	MEE.8,	11,	101,	124,	177	Chalmers	and	colleagues	found	male	sex	to	be	associated	

with	persistent	bilateral	OME,	where	boys	were	twice	as	likely	to	have	OME.11	Apostolopoulos	

et	 al.	 found	 that	 OME	 was	more	 frequent	 in	 boys	 in	 a	 univariable	 analysis,	 however	 no	

association	was	found	in	a	multivariable	analysis.34		

Some	studies	have	found	girls	to	be	at	greater	risk	of	OME.176,	178	Owen	and	colleagues	found	

that	 being	 male	 meant	 an	 earlier	 onset	 of	 OME,	 but	 females	 were	 more	 likely	 to	 have	

increased	risk	of	OME	at	18-24	months	of	age.105	The	MRC	Multi-Centre	Otitis	Media	Study	

Group	found	girls	to	be	at	a	greater	risk	of	persistent	bilateral	OME.106	Karevold	et	al.	found	

that	girls	were	slightly	more	likely	to	have	AOM.179	

Numerous	studies	have	found	no	association	between	OME	and	sex.16,	18,	114,	115,	117,	125,	136,	141,	

172,	180	This	finding	has	been	supported	in	US	children	with	bilateral	OME	up	to	two	years,159	

British	preschool	children,173	and	children	of	Polynesian	descent.162	
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Table 18. Sex 

Study  Design Size Age Results 

Paradise et al.124 Cohort 2253 2 mths – 2 

yrs 

Boys associated with days with 

MEE in first and second year of life 

(p = 0.08 and p<0.001 respectively) 

Martines et al.176 Cohort 2097 5-14 yrs 8.6% of girls had OME compared 

with 4.6% of boys, (p<0.0005) 

Ey et al.177 Cohort 1013 0-1 yrs Boys associated with OM, OR=1.96 

(CI 1.46-2.64) (p≤0.005) 

Chalmers et al.11  Cohort 962 0-15 yrs Boys associated with more time 

spent with MEE (p<0.05) 

Owen et al.105 Cohort 698 0-2 yrs Boys associated with earlier onset 

of OME (p<0.05) 

Girls associated with increased 

OME at 18-24mth (p=0.01) 

Zielhuis et al. 101 Case-control 503 2-4 yrs Boys marginally associated with 

incidence of OME, OR=1.5 

(p=0.055) 

Teele et al.8 Cohort 498 0-7 yrs Boys associated with ≥ 3 episodes 

of AOM in first seven years, 

OR=2.79 (CI 1.57-4.98) (p<0.001)   

Boys associated with prolonged 

MEE in first three years (p<0.001)   

MRC Multi-centre Otitis 

Media Study Group106 

Cohort 639 3.25-6.75 

yrs 

Girls at greater risk of persistent 

bilateral OME, OR=1.6 (CI 1.1-2.4) 

(p=0.008) 

Martines at al.178 Cross-

sectional 

310 5-6 yrs Girls associated with COME in 

univariable analysis (p=0.0067) 

Karevold et al.179 Cross-

sectional 

5125 10 yrs Girls at a greater risk of AOM than 

boys, OR=1.2 (CI 1.0-1.4) (p<0.05)  
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Van Cauwenberge16 Cohort 2065 2-6 yrs Sex not associated with OME 

incidence (p=0.8) 

Gultekin et al.36 Cohort 1740 5-12 yrs Sex not associated with COME 

(p>0.05) 

Dewey et al.18 Cohort 1590 8mth-3.5 yrs Sex not associated with bilateral 

OME (p>0.05) 

Midgely et al.173 Cohort 1400 8mth- 5yrs Sex not associated with OME (p 

value not given) 

Biles et al.141 Cohort 1018 0-8 yrs No association between sex and 

OME (p value not given) 

Pedersen et al.115 Cohort 700 0-5 yrs No association between sex and 

TTP (p=0.11) 

Paterson et al.162 Cohort 656 2 yrs No association between sex and 

OME (p=0.69) 

Duffy et al.159 Cohort 306 0-2 yrs Sex not associated with first OME 

episode in multivariable analysis 

(p>0.05) 

Meyer et al.172 Cohort 270 1-5 yrs No association between OME and 

sex (p=0.22) 

Xenellis et al.114 Cohort 250 6-12 yrs No association between sex and 

OME, OR=0.98 (CI 0.53-1.77) 

(p=0.93) 

Engel et al.109  Cohort 250 0-2 yrs No association between sex and 

OME in multivariable analysis 

OR=1.01, (CI 0.78–1.32) (p=0.92) 

Engel et al.125 Cohort 136 2-7 yrs No association with boys and OME, 

OR=1.85 (CI 0.56-6.13) (p>0.05) 

Apostolopoulos et al.34 Cross-

sectional 

5121 School age Non-significant decrease risk of 

OME in females in a multivariable 

analysis, OR=0.83 (p=0.14) 
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Tong et al.117 Nested case-

control 

127 6-7 yrs No association between sex and 

OME, OR=0.97 (CI 0.61-1.56) 

(p=0.9) 

Casselbrant et al.136 Cohort 198 0-2 yrs No association with duration of 

MEE (p>0.05) or AOM (p=0.41) 

after adjustment for ethnicity 

Summary 

More	studies	have	supported	male	sex	as	a	risk	factor	for	OM	than	female	sex.	However,	most	

studies	have	not	reported	an	association.	While	male	sex	is	commonly	cited	in	the	literature	

as	a	risk	factor	for	OME,	at	this	stage	the	evidence	is	inconclusive.	

2.3.3 Body	weight	

Children	with	COME	have	been	reported	to	be	at	higher	risk	of	being	above	the	95th	percentile	

for	weight	for	length,181	have	higher	BMI,182,	183	be	more	likely	to	be	over	20%	heavier	than	

their	ideal	weight	for	height,184	have	higher	total	cholesterol	levels,183	and	be	more	likely	to	

have	 a	 high	 fat	 diet.185	 Shin	 and	 colleagues	 proposed	 that	 children	with	 COME	may	have	

altered	eating	habits	due	to	a	dysfunction	in	taste,182	however	no	association	has	been	found	

between	 the	 function	 of	 the	 chorda	 tympani	 nerve	 and	 OM.186	 Two	 studies	 did	 not	 find	

associations	between	COME	and	BMI184,	185	or	weight	z-scores.184	

Obesity	is	associated	with	an	increase	in	inflammatory	markers	including	IL-6	and	C-reactive	

protein.187	OM	has	also	been	associated	with	an	increase	in	inflammatory	markers	including	

IL-6,	therefore	parallels	between	the	two	conditions	have	been	drawn.	
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Table 19. Weight 

Study Design Size Age Results 

Choi et al.185 Cross-

sectional 

4359 4-12 yrs OME associated with higher 

dietary fat intake in a 

multivariable analysis, OR=1.39 

(CI 1.05-1.84) (p=0.02) 

BMI not associated with OME 

(p=0.87) 

Nelson et al.181 Cohort 430 0-2 yrs Weight to length >=95th 

percentile at 2 yrs associated 

with history of TTP, adjusted 

OR=3.32, (CI 1.43–7.72) 

Kim et al.183 Case-control 273 2-7 yrs BMI associated with OME, 22.0 

in the cases and 16.3 in the 

controls (p=0.01) 

Total mean serum cholesterol 

associated with OME 195.0 

mg/dL in the cases and 159.3 

mg/dL in the controls (p=0.04)  

No association between OME 

and total mean triglyceride level. 

(p=0.13) 

Kaya et al.184 Case-control 146 2-10 yrs Overweight or obesity based on 

height to weight percentiles 

associated with COME 

(p=0.012) 

Shin et al.182 Case-control 84 3-7 yrs BMI associated with COME, 

20.6 in the cases and 17.7 in the 

controls who were in hospital 

for adenoidectomy and 

tonsillectomy (p=0.02)  

Altered taste function associated 

with COME (p<0.05)  
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Seaberg et al.186 Cohort 142 5-18 yrs No association between BMI 

and OM (p=0.89) 

Summary 

Evidence of an association between obesity or a high fat diet and OME is mixed. More 

investigation is needed before any definitive conclusions can be drawn. 

2.3.4 Ethnicity	

Several	studies	have	reported	differences	in	OM	findings	among	various	ethnic	groups.	These	

results	may	reflect	socioeconomic	or	cultural	differences	between	ethnicities.	Factors	such	as	

exposure	 to	 other	 children,	 smoking,	 and	 breastfeeding	 are	 frequently	 identified	 as	

determinants	of	OME,	so	need	to	be	controlled	for	when	considering	whether	ethnicity	is	a	

risk	 factor.	 Alternatively,	 it	 is	 possible	 that	 the	 differences	 could	 be	 explained	 by	 genetic	

variation	across	populations.	Anatomical	variation	of	the	ET	and	immunological	variance	have	

been	 suggested	 as	 possible	 explanations,188	 however	 no	 such	 variations	 have	 been	

conclusively	demonstrated	in	relation	to	OM.	

Indigenous	cultures	appear	to	be	more	at	risk	of	developing	OM.	People	of	Māori	ethnicity	in	

NZ	have	been	thought	to	have	a	higher	prevalence	of	OM	from	as	early	as	1980.189-191	National	

screening	programmes	have	indicated	that	NZ	Māori	and	Pacific	children	are	at	greater	risk	

of	OM	than	European	and	Asian	children.	A	screening	programme	in	1996/1997	found	that	

at	three	years	of	age	Māori	and	Pacific	children	had	average	tympanometry	failure	rates	of	

16.8%	and	17.1%	respectively,	compared	to	an	overall	average	of	7.1%.	Similarly,	at	five	years	

of	age	Māori	and	Pacific	children	had	average	failure	rates	of	13.0%	and	16.1%	respectively,	

compared	 to	 an	 overall	 average	 of	 8.4%.192	 A	more	 recent	 national	 screening	 program	 in	

2005/2006	reported	that	Māori	and	Pacific	children	still	had	higher	rates	of	failure	of	hearing	
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screens	 compared	 to	other	ethnicities.	However,	 the	authors	noted	 that	 from	1991	 there	

appeared	to	be	a	trend	towards	reduction	in	failed	hearing	screens	in	all	ethnicities.193	There	

are	also	indications	that	chronic	suppurative	OM	(CSOM)	prevalence	in	Māori	children	may	

be	decreasing,	with	the	prevalence	of	CSOM	in	Māori	children	in	North	Island	schools	falling	

from	9%	in	1978	to	4%	in	1987.	This	decrease	may	be	due	to	improvements	in	housing	and	

access	to	healthcare.194	A	study	examining	both	acute	admissions	to	hospital	due	to	OM	and	

TTP	 found	 that	 Māori	 and	 Pacific	 preschool	 children	 had	 a	 higher	 relative	 risk	 of	 acute	

admission	but	had	a	lower	relative	risk	for	TTP	than	Europeans.	Interestingly	Asian	children	

had	a	lower	relative	risk	compared	to	Europeans	both	for	acute	admissions	and	TTP.195		

There	 may	 be	 differences	 in	 effusion	 types	 between	 ethnicities.	 One	 study	 has	 found	

statistically	 significant	differences	 in	NZ	 children	aged	nine	months	 to	12	years	who	were	

referred	 for	 TTP,	 with	 65%	 of	Māori	 children	 and	 58%	 of	 Pacific	 children	 having	mucoid	

effusion,	compared	to	36%	of	Caucasian	children	who	had	mucoid	effusion.196	This	finding	

may	reflect	ethnic	differences	in	severity	of	OME.		

It	remains	undetermined	whether	ethnicity	is	a	direct	risk	factor	for	OM	in	NZ	children,	as	no	

study	 has	 controlled	 for	 potential	 confounders	 such	 as	 cultural	 and	 socioeconomic	

determinants.	While	the	Dunedin	study	attempted	to	examine	ethnicity,	it	had	an	insufficient	

range	of	ethnic	groups	to	draw	conclusions.197		

Other	 indigenous	 cultures	 have	 also	 been	 reported	 to	 have	 higher	 OM.198,	 199	 Australian	

Aboriginal	children	have	been	found	to	have	higher	prevalence	of	type	B	tympanograms200	

and	severe	forms	of	OM.48	Native	American	children	have	a	high	rate	of	outpatient	visits	for	

OM,201	and	have	been	reported	to	have	a	higher	incidence	of	chronic	OM	even	when	adopted	
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into	 middle-class	 homes	 away	 from	 reservations.188	 Within	 American	 Indian	 children,	 a	

history	of	URI	and	maternal	history	of	OM	are	associated	with	earlier	OM	onset.202	

OME	has	also	been	found	to	be	lower	in	Turkish	children	living	in	Belgium,16	and	higher	in	

black	ethnic	groups	compared	with	white	and	Hispanic	in	Texas.105	In	contrast	another	study	

in	the	US	found	that	white	infants	in	Ohio	were	more	likely	to	have	MEE	in	the	first	year	of	

life	than	black	infants,	however	no	difference	was	found	in	early	onset	OM,	recurrent	AOM	

or	 chronic	 bilateral	 OME.27	 Asian	 children	 in	 the	 US	 (predominantly	 people	 of	 Hmong	

ethnicity)	have	been	found	to	have	higher	prevalence	of	OM	compared	with	other	ethnicities.	

A	 tendency	of	 immigrant	Asians	 to	 live	 in	 lower	 socioeconomic	 groups	 and	 shared	 family	

homes	may	have	been	confounders,	as	multivariable	analysis	was	not	used.172	

Vernacchio	 et	 al.	 found	 that	 children	 of	 Asian	 and	 Black	 ethnicity	 were	 less	 likely	 to	 be	

diagnosed	with	AOM.180	

A	relationship	between	OME	and	ethnicity	has	not	always	been	found.	Paradise	et	al.	found	

a	 univariable	 relationship	 between	 ethnicity	 and	MEE	 in	 US	 children	 with	 black	 children	

having	more	days	with	effusion,	but	after	adjusting	for	possible	confounders	ethnicity	was	no	

longer	a	risk	factor.124	Other	studies	have	supported	this	finding	with	no	relationship	found	

between	 white	 and	 black	 American	 children,136	 white,	 Latino	 and	 African-American	

children,203	Anglo	American,	black	and	Spanish	children141	as	well	as	Polynesian	children	living	

in	New	Zealand162	and	children	in	Malaysia.121	
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Table 20. Ethnicity 

Study  Design Size Age Results 

Gunasekera et al.48 Cross-

sectional 

119,503 0-18 yrs CSOM, COM, and perforation 

associated with indigenous 

Australian ethnicity (p<0.001) 

Van Cauwenberge16 Cohort 2065 2-6 yrs Turkish children had lower OME 

incidence than North African and 

Belgium natives (p=0.005)  

Owen et al.105 Cohort 698 0-2 yrs Black ethnicity associated with 

OME at 12-18 months of age but 

not at 6-12 months or 18-24 

months (p<0.01) 

Meyer et al.172 Cohort 270 1-5 yrs Hmong more likely to fail 

tympanometry OR=6.39 (CI 3.65-

11.2) (p=0.001) 

Lehmann et al.200 Cohort 280 0-2 yrs Australian Aboriginals have a 

higher prevalence of type B 

tympanograms when controlling 

for age, OR=4.35 (CI 2.73-6.95) 

(p<0.05) 

Vernacchio et al.180 Cohort 11,349 0-7 mths Inverse association between Black 

ethnicity and OM, in multivariable 

analysis OR=0.74 (CI 0.61-0.89) 

Inverse association between Asian 

ethnicity and OM, in multivariable 

analysis OR=0.77 (CI 0.57-1.0) 

Daly et al.202 Cohort 344 0-2 yrs History of URI associated with 

early OM onset in American 

Indian children, OR=5.47 (CI 2.66-

11.26) (p<0.05) 

Maternal history of OM associated 

with early OM onset in American 
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Indian children, OR=1.77 (CI 1.02-

3.08) (p<0.05)  

Marchant et al.27 Cohort 70 0-1 yrs White infants more likely to have 

MEE in first year of life (p=0.017) 

Paradise et al.124 Cohort 2253 2 mth-2yrs Ethnicity not associated with MEE 

in multivariable analysis (p>0.05) 

Paterson et al.162 Cohort 656 2 yrs No difference in OME prevalence 

between Samoan, Cook Island 

Māori, Niuean and Tongan 

children (p=0.4) 

Casselbrant et al.136 Cohort 198 0-2 yrs No difference in rate of OME 

incidence between Black and 

White Americans (p=0.7) 

Woods et al.203 Cohort 3108 0-2 yrs No difference in number of 

episodes of OM in White, Latino, 

and African-American children 

(p=1.00) 

Biles et al.141 Cohort 1018 0-8 yrs No association with unspecified 

OM and ethnicity (no p value 

given) 

Summary 

There	is	some	support	for	a	relationship	between	ethnicity	and	OME.	More	studies	controlling	

for	potential	confounders	are	needed	to	clarify	the	nature	of	any	possible	associations.	

2.3.5 Family	history	

Several	studies	suggest	a	role	for	family	history	in	OME,	based	on	parent	reports	of	their	

own	childhood	history	of	OME	and	the	recent	OME	history	of	their	child’s	siblings.	Sassen	

and	colleagues	studied	children	under	two	years	of	age	and	found	a	correlation	between	

OME	and	family	history	of	OME.28	This	was	supported	by	a	Greek	study	that	also	found	

family	history	of	OM	to	be	significantly	related	to	OME	risk.118	A	Danish	study	reported	an	
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association	between	both	maternal	and	sibling	history	of	ME	disease	and	TTP.115	All	these	

studies	found	associations	in	multivariable	analyses.	In	a	case-control	study	of	Dutch	

children,	a	family	history	of	OME	was	found	to	be	a	risk	factor	in	a	univariable	analysis,	

however	in	a	multivariable	analysis	this	was	no	longer	statistically	significant.204	A	study	in	

Utah	based	on	medical	and	genealogical	records	found	a	higher	risk	of	having	TTP	for	OM	in	

the	children	of	people	who	had	undergone	TTP	for	OM	themselves,	with	an	odds	ratio	of	2.5	

in	a	multivariable	analysis.205	

In	contrast,	in	an	incidence	study	Van	Cauwenberge	et	al.	found	no	association	between	

family	history	and	OME	in	children.16	In	a	study	of	Chinese	school	children	no	association	

was	found	between	OME	and	family	history	of	ear	disease	in	a	univariable	analysis.117	A	

Dutch	cohort	of	children	found	no	association	with	family	history	and	OME.109	A	US	cohort	

also	found	no	association	between	parentally	reported	OM	and	sibling	OM	in	the	last	

year.159	However,	it	should	be	noted	that	there	is	potential	for	poor	recall	in	parental	

reporting	of	personal	history	of	OME.	Genetic	studies	are	a	more	reliable	means	of	testing	

genetic	susceptibility.	

Table 21. Family history 

Study  Design Size Age Results 

Padia et al.205 Case-control 219153 0-60 yrs Association between parent 

TTP for OM and child TTP 

for OM in multivariable 

model, OR=2.5 (CI 2.0-3.1) 

(p<0.001) 

Pedersen et al.115 Cohort 700 0-5 yrs Maternal, OR=2.07(CI 1.45-

2.96) and sibling, OR=3.02 
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(CI 2.11-4.32) history of ME 

disease associated with TTP in 

a multivariable model  

Sassen et al.28 Cohort 289 0-2 yrs Association between family 

history and OME, OR=1.37 

(CI 1.09-1.73) (p=0.008) 

Chantzi et al.118 Case-control 168 1-7 yrs Association between family 

history and OME, OR=4.39 

(CI 1.86-10.37) (p=0.001) 

Rovers et al.204 Case-control 606 1 yrs Univariable analysis found 

association with family history 

and OME, OR=1.77 (CI 1.26 - 

2.48) (p<0.05) 

No association between family 

history in a multivariable 

model  

Van Cauwenberge et 

al.16 

Cohort 2065 2-6 yrs No association between family 

history and OME (no p value 

given) 

Duffy et al.159 Cohort 306 0-2 yrs No association between parent 

or sibling reporting more than 

3 cases of OM in multivariable 

analysis (p>0.05) 

Engel et al.109 Cohort 250 0-2 yrs No association between family 

history and OME in 

multivariable analysis, OR= 

0.79, (CI 0.62–1.02) (p=0.07)  

Martines et al.167 Case-control 2097 5-14 yrs Family history of ear disease 

not associated with COME (p 

>0.05) 

Tong et al.117 Nested case-

control 

127 5-7 yrs No association between family 

history and OME in a 

multivariable model (p=0.28) 
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Summary 

Four	studies	found	a	relationship	between	OME	and	family	history	of	OME.	The	remaining	six	

studies	 showed	 no	 relationship.	 However,	 parents	 may	 suffer	 from	 recall	 bias	 of	 their	

childhood	history	of	OME,	which	would	affect	these	results.	Given	that	genetic	studies	have	

found	 OME	 to	 be	 significantly	 heritable,	 it	 is	 likely	 that	 family	 history	 also	 plays	 a	 role.	

Bacterial	pathogens	and	commensals	may	also	be	shared	among	family	members.	

2.3.6 Genetic	predisposition	

In	 the	 last	 two	 decades,	 many	 studies	 have	 investigated	 whether	 there	 are	 genetic	

components	 to	 OM,	 and	 what	 they	 might	 be.	 While	 family	 history	 studies	 have	 been	

inconclusive,	studies	of	genetic	susceptibility	have	suggested	a	strong	familial	component	to	

OME.	 	 Twin	 studies	 have	 indicated	 considerable	 heritability,	 and	 laboratory	 and	 genetic	

testing	have	uncovered	many	possible	pathways	for	genetic	susceptibility.	

2.3.6.1 Heritability	

There	have	been	several	twin	and	triplet	studies	investigating	the	heritability	of	OM.	These	

have	found	strong	evidence	for	a	significant	hereditary	influence	on	OM	in	general,	although	

none	have	reported	on	the	specific	heritability	of	OME.	A	US	longitudinal	twin/triplet	study	

has	estimated	the	heritability	of	time	spent	with	MEE	over	the	first	five	years	of	life	at	0.72.206	

While	 heritability	 was	 found	 to	 be	 higher	 in	 females	 than	males,	 the	 difference	was	 not	

significant.188	A	Norwegian	study	of	twin	pairs	found	that	males	had	a	heritability	of	72%,	and	

females	had	a	heritability	of	61%.	The	subjects	filled	out	a	questionnaire	on	an	illness	that	

occurred	more	than	10	years	prior,	so	 it	 is	possible	that	 inaccurate	recall	and	consultation	

between	twins	biased	these	results.207	Another	twin	study	found	that	AOM	had	a	heritability	

of	0.57,	based	on	parental	questionnaire	responses.208		
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Twin	 studies	 provide	 strong	 evidence	 for	 a	 significant	 genetic	 component	 to	 OM	

susceptibility.	Given	the	multifactorial	nature	of	OM	it	is	likely	that	there	are	multiple	genetic	

influences	 via	 pathways	 such	 as	 immunocompetence,	 inflammatory	 regulation,	 cranial	

anatomy,	and	ET	function.209-211		

2.3.6.2 Genome	scans	and	linkage	studies	

Genome	scans	are	a	tool	for	identifying	genes	that	may	be	involved	in	the	pathogenesis	of	

diseases,	by	searching	for	genetic	differences	between	individuals	prone	to	the	condition	and	

healthy	 individuals.	 Some	 genome	 scans	 of	 families	 with	 otitis-prone	 children	 have	 been	

performed	in	the	hopes	of	identifying	specific	genes	that	may	be	relevant	to	the	pathogenesis	

of	OM.	The	Minnesota	COME/ROM	family	study	examined	subjects	who	had	TTP,	and	their	

families,	and	found	evidence	that	variations	on	chromosomes	10q	and	19q	were	involved	in	

COME/ROM.212	This	finding	was	supported	by	a	later	study	that	conducted	fine	mapping	of	

chromosome	10q	and	19q	and	found	possible	candidate	genes	involved	in	COME.213	Another	

genome-wide	 scan	 involving	 families	 with	 OM	 found	 linkage	 of	 OM	 to	 regions	 on	

chromosomes	17,	10,	7,	6	and	4.	However	the	region/loci	found	on	chromosome	10	did	not	

support	the	previous	finding	of	the	Minnesota	COME/ROM	family	study.	The	loci	identified	

may	relate	to	candidate	genes	that	have	already	been	suggested	in	the	literature	such	as	IFNγ	

and	TNFα.214	A	Finnish	 study	examining	genetic	 risk	 factors	 for	OM	 identified	a	 region	on	

chromosome	19.	In	a	sub-analysis	examining	children	with	COME	Einarsdottir	and	colleagues	

identified	one	marker	(rs16974263)	which	reached	significance,	that	has	been	replicated	in	a	

UK	cohort	study.215	
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2.3.6.3 Mutagenesis	programmes	

Mutagenesis	 programmes	 involving	 mice	 are	 another	 technique	 for	 investigating	 genetic	

components	of	disease.	The	chemical	N-ethyl-N-nitrosourea	 is	used	 to	cause	mutations	 in	

mice.	The	progeny	of	the	mice	are	then	screened	for	phenotypic	changes,	including	loss	of	

hearing.	Once	a	phenotype	of	interest	has	been	identified,	close	examination	of	phenotypic	

differences	such	as	changes	in	the	structure	of	the	ear	can	be	made,	and	candidate	genes	that	

may	be	involved	in	coding	for	these	differences	can	be	searched	for	using	genetic	scans.	When	

a	gene	of	interest	is	identified,	single	nucleotide	polymorphisms	(SNPs)	located	within	that	

gene	that	are	associated	with	the	phenotypic	changes	are	sought.	An	SNP	is	a	variation	in	a	

single	nucleotide	in	a	DNA	sequence.	Typically,	many	SNPs	will	influence	a	given	phenotypic	

variation	in	individuals,	including	disease	states	such	as	OM.		

Several	 studies	have	 found	associations	between	OM	and	variation	 in	 the	human	FBXO11	

gene	located	on	chromosome	17.	This	gene	first	came	to	the	attention	of	OM	researchers	

during	an	ENU	mutagenesis	programme	with	the	discovery	of	the	deaf	mouse	mutant	“Jeff”,	

a	breed	that	always	develops	effusion	and	has	an	atypical	FBXO11	gene.	The	Jeff	mouse	has	

a	 shortened	 face	 and	 a	 narrow,	 bent	 ET,	 and	 it	was	 originally	 speculated	 that	 this	might	

explain	why	it	develops	OME.216,	217	However,	it	has	since	been	observed	that	the	Jeff	mouse	

also	has	an	atypical	immune	response,	potentially	involving	an	over-reaction	to	commensal	

nasopharyngeal	 flora,	 which	might	 also	 explain	 the	 presence	 of	 effusion	 in	 this	 breed.218	

Attempts	to	determine	whether	the	human	FBXO11	gene	is	relevant	for	OM	have	met	with	

some	success.	In	the	US,	an	association	was	found	between	OM	and	the	SNP	rs2134056	in	

the	FBXO11	gene.219	A	study	 in	Western	Australia	 found	an	association	between	the	SNPs	

rs12712997	and	rs330787	in	FBXO11,	and	replicated	this	finding	in	a	second	cohort.	This	study	
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also	investigated	the	SNP	rs2134056	that	was	found	to	be	associated	with	OM	in	the	US	study,	

but	was	unable	to	support	their	finding.220	The	FBOX11	gene	is	a	likely	candidate	for	further	

investigation	to	confirm	its	involvement	in	OME.	

The	mutagenically-produced	mouse	model	“Junbo”	also	shows	promise	 for	 identifying	the	

pathogenesis	of	OM.	Junbo	has	hearing	loss	due	to	chronic	suppurative	OM.	Genetic	studies	

on	 the	 mouse	 have	 revealed	 mutations	 on	 the	 Evi1	 gene	 on	 chromosome	 3.218	 The	

transcription	factor	Evi1	has	been	shown	to	be	able	to	interfere	with	the	TGFb	pathway,	which	

has	a	role	in	mucin	expression	especially	in	response	to	NTHi	infections,	indicating	a	possible	

mechanism	for	how	this	gene	may	relate	to	OM.	Evi1	is	also	expressed	in	basal	cell	epithelia	

in	 the	 ME	 and	 neutrophils,	 providing	 another	 possible	 immune	 mechanism.	 Junbo	 was	

checked	for	craniofacial	abnormalities	and	for	immune	deficiencies	and	the	results	suggest	

that	the	role	of	Evi1	may	relate	to	the	innate	immune	system.221		

2.3.6.4 Gene	knockout	studies	

Another	technique	used	frequently	in	mouse	models	is	the	“gene	knockout”,	where	a	specific	

gene	is	targeted	and	removed	from	a	breed’s	genome.	The	“EYA4-deficient”	mutant	mouse	

breed	has	had	the	EYA4	gene	knocked	out.	It	has	dysmorphology	of	the	ET	and	abnormal	ET	

openings,	and	OME	is	always	present.222	However,	it	has	also	been	noted	that	this	breed	has	

unusual	immune	function,	so	as	with	all	such	genetic	animal	models	care	must	be	taken	with	

interpretation.223		

2.3.6.5 Pathogen	recognition	receptors	

Pathogen	recognition	receptors	(PRRs)	are	part	of	the	innate	immune	system	whose	job	it	is	

to	recognise	invading	microbes.	TLRs,	cytoplasmic	nucleotide	binding	oligomerization	domain	
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(NOD),	 c-type	 lectin	 receptor	 and	 retinoic	 acid-inducible	 gene	 (RIG)-I	 are	 PRRs	 that	 in	

response	 to	 pathogens	 stimulate	 the	 release	 of	 cytokines	 and	 chemokines	 from	

polymorphonuclear	cells	(PMNs).	Polymorphisms	and	a	decreased	expression	of	these	PRRs	

may	be	relevant	in	OM	pathogenesis.	

NODs	 can	 recognise	 peptidoglycans	 and	 flagellin	 of	 bacteria	 and	 can	 induce	 the	 NF-kB	

pathway	in	response	to	bacteria.	Decreased	expression	of	NOD-1,	and	RIG	have	been	found	

in	effusion	of	children	with	RAOM	(otitis	prone)	compared	with	children	under	going	TTP	who	

did	not	have	RAOM	(non-otitis	prone).224		

TLR	are	mainly	found	on	antigen	presenting	cells	such	as	dendritic	cells,	macrophages	and	B	

cells.	All	TLR	except	TLR3	use	the	adaptor	molecule	MyD88	via	NF-kB	to	release	cytokines	in	

recognising	pathogen	associated	molecular	patterns	(PAMPs).	TLR3,	7,	8,	and	9	can	detect	

viral	nucleic	acid	and	induce	type	1	IFN	and	other	inflammatory	cytokines.	TLR2,	4,	and	13	

recognise	viral	proteins.	

TLR2	 is	 a	 receptor	 for	 both	 gram-positive	 and	 gram-negative	 bacteria	 that	 can	 recognise	

lipoproteins,	peptidoglycans,	and	lipoteichoic	acid	on	the	cell	wall	of	bacteria.	They	have	been	

proposed	to	play	a	role	in	OME	pathogenesis.	MEE	has	been	found	to	express	TLR2.	Certain	

SNPs	 in	 TLR2	 are	 known	 to	 reduce	 the	 ability	 of	 these	 receptors	 to	 recognise	 pathogens,	

however	they	have	not	been	found	to	correlate	with	OME.225	TLR2-deficient	mice	have	also	

been	investigated.	NTHi	was	injected	into	the	ME	of	mice	and	those	with	TLR	deficits	showed	

a	more	persistent	OM	than	control	mice.	TNFα	was	absent	in	deficient	mice.	TLR2-deficient	

mice	also	had	a	delayed	IL-10	expression	and	problems	clearing	bacteria.226	



LITERATURE	REVIEW	

 71 

TLR4	 is	a	 receptor	 for	gram-negative	bacteria	 that	can	 recognise	 lipopolysaccharides	 (LPS)	

components	in	bacteria	cell	walls.	The	prevalence	of	polymorphisms	in	TLR4	has	been	found	

to	be	10%	of	the	population.		MEE	has	been	found	to	express	TLR4,	however	SNPs	that	are	

known	to	reduce	the	expression	of	TLR4	have	not	been	found	in	a	cohort	of	children	with	

OME.225	When	Nontypeable	Haemophilus	influenzae	(NTHi)	is	injected	into	the	ME	of	TLR4-

deficient	mice	and	normal	mice	the	TLR4-deficient	mice	are	unable	to	clear	the	infection,	the	

effusion	 is	 more	 purulent,	 the	 functioning	 of	 the	 PMNs	 is	 disrupted,	 the	 OM	 is	 more	

persistent,227	and	TNFα	is	absent.226	TLR4	uses	4	adaptor	molecules	to	activate	two	different	

pathways	MyD88	 and	 TRIF.	 These	 studies	 show	 the	 importance	 of	 TLRs	 and	 cytokines	 in	

maintaining	a	healthy	immune	and	ME	function.	

Expression	of	TLR	9	has	been	investigated	in	regards	to	OME.	Higher	culture	levels	of	bacteria	

were	correlated	with	decreased	expression	of	TLR9,	 indicating	 that	a	 lack	of	TLR9	may	be	

involved	 in	 OME	 development.228	 Otitis	 prone	 children	 have	 been	 reported	 to	 have	

significantly	lower	levels	of	expression	of	TLR9	than	non-otitis	prone	children.	No	correlation	

was	found	between	TLR9	and	immunoglobulins	IgG,	IgA	and	IgM	or	the	number	of	TTP.224	

2.3.6.6 Cytokine	genes	

Gene	 expression	 studies	 examine	 the	 role	 genes	 play	 in	 regulating	 proteins	 or	 processes.	

Kerschner	et	 al.	 studied	gene	expression	differences	 in	 chinchillas	 infected	with	NTHi	 and	

found	that	in	the	infected	group	there	was	an	up-regulation	of	a	number	of	genes	involved	in	

the	regulation	of	secretary	leukoprotease	inhibitor	(SLPI),	ferritin	heavy-chain	polypeptide	1	

(FTHI),	 b2-microglobulan	 (B2M),	 Mucin	 19,	 (MUC19),	 TNFa,	 IL-1b,	 and	 calcium-binding	

protein	(S100A9;S100A8).	Some	of	the	genes	 identified	are	 involved	in	the	innate	 immune	

system,	specifically	in	mucus	production.229	
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Association	studies	of	gene	polymorphisms	 in	mucin	genes	have	also	been	undertaken.	 In	

children	undergoing	TTP	 for	RAOM	and	COME,	polymorphisms	 in	 the	MUC2,	MUC5B,	and	

MUC5AC	genes	were	studied	due	to	their	association	with	effusion	viscosity.	No	differences	

were	seen	in	MUC2	or	MUC5B	between	cases	and	controls,	however	the	children	with	OME	

expressed	the	MUC5AC-b	allele	more	frequently.	 It	was	concluded	that	this	mucin	may	be	

involved	 in	 the	chronicity	of	OME	and	 that	 its	 involvement	with	cytokines	may	explain	 its	

relationship	to	the	pathogenesis	of	COME.230	

Polymorphisms	in	genes	that	encode	cytokines	may	be	determinants	of	OM.	Cytokines	are	

mediators	 of	 inflammation,	 so	 are	 likely	 to	 have	 special	 relevance	 to	 inflammatory	 and	

infectious	conditions	such	as	OM.	Polymorphisms	in	genes	coding	for	cytokines	 IL-6,	 IL-10,	

IFNg	and	TNFa	have	been	associated	with	OM	development	in	children	with	URI.	There	is	also	

an	association	between	children	with	RV	and	polymorphisms	in	IL-6	(-174	G/G)	and	IL-10	(-1082	G/A).	

The	IL-10	-1082	G/A	genotype	was	also	a	predictor	of	OM	in	children	with	respiratory	syncytial	

virus	(RSV).	Additionally,	the	IL-10	-1082	G/G,	-819C/C,	-592C/C	haplotype	was	a	predictor	of	

new	OM	episodes.	Previous	studies	have	found	this	haplotype	to	be	associated	with	a	high-

producing	 IL-10	 phenotype.	 The	 IL-6	 -174	 C/C	 genotype,	 which	 has	 a	 low-IL-6	 producing	

phenotype,	and	TNFa	-308	A/A	genotype,	which	has	a	high-producing	phenotype,	were	seen	

to	increase	the	risk	of	OM	during	RV.85	Consistent	with	the	previous	studies	polymorphisms	

in	 IL-6	and	TNFa	 (-308)	were	associated	with	OM	susceptibility.	 IL-1b	 +3953C/T	or	T/T	genotypes	

were	found	to	be	protective	even	when	IL-6	(-174G/C	or	C/C)	and	TNFa	(-308	G/A	or	A/A)	susceptibility	

polymorphisms	were	present.	The	authors	conclude	that	it	is	unclear	whether	having	these	

polymorphism	is	associated	specifically	with	OM	or	just	infection	in	general.231	In	contrast,	a	

study	by	Joki-Erkkila	et	al.	found	no	association	with	OM	susceptibility	and	TNFa	(-308G/A	or	A/A),	
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IL-1b	(-511T/C	or	T/T),	IL-1a	(-889C/T	or	T/T)	or	IL-1b	(+3953	C/T	or	T/T)	genotypes.	However	the	study	control	

group	were	adults	with	unknown	OM	status	and	given	the	small	sample	size	there	may	have	

been	insufficient	power	to	detect	an	association.232	

Emonts	 and	 colleagues	 examined	 gene	 polymorphisms	 that	 were	 related	 to	 parts	 of	 the	

immune	system	including	cytokines	and	found	that	the	IL-6	(-174	G/G)	genotype	occurred	more	

in	children	with	AOM	and	TNFa	promoter	polymorphisms	(-238	G/G	&	-376	G/G)	were	associated	

with	otitis	prone	children.	The	interleukin-10	(-1082	A/A)	genotype	seemed	to	be	protective	in	

children	post-vaccination.233	

Table 22. Genetic predisposition 

Study  Design Size Age Results 

Casselbrant et al.206 Cohort 168 twin pairs 

and 7 triplet 

sets 

2mth-5 yrs Estimated heritability of time with 

effusion at 2 years is 0.73 

(p<0.001).  

Estimated heritability of time with 

MEE in first 5 years is 0.72 

(p<0.001) 

No difference between male and 

females (p=0.36) 

Kvestad et al.207 Cohort 4247 

twin pairs 

18+ yrs Males had a heritability of 0.72 

(0.61- 0.84) compared with females 

of 0.61 (CI 0.51-0.71) (p<0.05) 

Rovers et al.208 Cohort 1373 twin 

pairs 

0-4 yrs AOM had a heritability of 0.57 

Daly et al.212 Linkage 591 Family 

study 

OME associated with 10q26.3 at 

168.3 cM near marker D10S212 

(LOD=1.80) (p=0.004)  
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OME associated with 9q13.43 at 

98.8 cM near marker D19S254 

(LOD=2.56) (p=0.0006)  

Sale et al.213 Cohort 591 Family 

study 

OME associated with 10q at 169.8 

cM near marker D10S212 

(LOD=2.20) (p=0.0015) 

OME associated with19q at 109.8 

cM near rs260462 (LOD=3.85; 

p=0.00003, and 107.3 cM near 

rs1542039 (LOD=3.70; p=0.00004) 

Casselbrant et al.214 Cohort 1506 Family 

study 

OM associated with 17q12 at 

rs226088 (p=0.00023), 10q22.3 at 

rs719871 (p=0.00026), 7q33 at 

rs958408 (p=0.00132), 6p25.1 at 

rs554653 (p=0.00569) and 4p15.2 

at rs2133507 (p=0.00521) 

Segade et al.219 GWAS 619 Family 

study 

OM associated with SNP 

rs2134056 on FBXO11 gene 

(p=0.02) 

Allen et al.219 GWAS 619 Family 

study 

OM associated with SNP 

rs2134056 on FBXO11 gene 

(p=0.02) 

Rye et al.220 Cohort 561? & 1119 Family 

study 

OM associated with SNPs 

rs12712997, rs330787 on FBXO11  

No association between rs2134056 

and OM 

Depreux et al.222 Mouse 

model 

50 approx 10 wks EYA4 deficient mouse develop 

OME 

Leichtle et al.226 Case-

control 

216 Animal 

model 

TLR2-deficient mice injected with 

NTHi into the ME had a more 

persistent OM than control mice 

TNFα was absent in deficient mice. 

TLR2-deficient had a delayed IL-
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10 expression and problems 

clearing bacteria 

Hirano et al.227 Case-

control 

100 Animal 

model 

TLR4-deficient mice injected with 

NTHi are unable to clear the 

infection (p<0.01) the effusion is 

more purulent, the functioning of 

the PMNs is disrupted 

Kim et al.224 Case-

control 

66 Children Otitis prone children had 

significantly lower levels of 

expression of TLR9 (p<0.05) 

No correlation between TLR9 and 

IgG, IgA and IgM or the number of 

tubes inserted (p>0.05) 

Kerschner et al.229 Animal 

model 

12 6-10mths Chinchilla infected with NTHi 

upregulated SLPI, FTHI, and B2M, 

MUC19, TNFa, IL-1b, calcium-

binding protein (S100A9;S100A8) 

genes 

Ubell et al.230 Case-

control 

80 6mth-14yrs OME associated with MUC5AC-b 

allele 

OME not associated with MUC2 or 

MUC5b 

Alper et al.85 Cohort 230 1-9 yrs Association between children with 

OM and rhinovirus (RV) and 

polymorphisms in IL-6 (-174 G/G) and 

IL-10 (-1082 G/A)  

IL-10 -1082 G/A genotype 

predictor of OM in children with 

respiratory syncytial virus (RSV). 

IL-10 -1082 G/G, -819C/C, -

592C/C haplotype was a predictor 

of new OM episodes 

IL-6 -174 C/C genotype (low-IL-6 

producing phenotype), and TNFa -

308 A/A genotype (high-producing 
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phenotype) increases risk of OM 

during RV 

Patel et al.231 Case-

control 

505 1-8 yrs OM associated with IL-6, OR 1.6 

(p<0.1)  

OM associated with TNFa (-308), OR 

1.57 (p<0.1)  

 IL-1b +3953C/T or T/T genotype was 

protective even when IL-6 (-174G/C or 

C/C) and TNFa (-308 G/A or A/A) 

susceptibility polymorphisms were 

present 

Joki-Erkkila et al.232 Case-

control 

463 18-60 yrs 

donors 

1-16 yrs  

OM not associated with TNFa (-

308G/A or A/A), IL-1b (-511T/C or T/T), IL-1a 
(-889C/T or T/T) or IL-1b (+3953 C/T or T/T) 

genotypes 

RAOM associated with IL-1a (-889C/T 

or T/T in children without a history of 

allergic disorders (p=0.03) 

Emonts et al.233 RCT 811 1-7 yrs and 

adults 

AOM associated with IL-6 (-174 G/G) 

genotype 

Otitis prone associated with TNFa 

promoter polymorphisms (-238 G/G & -

376 G/G) 

	

Summary	

Twin	studies	have	demonstrated	that	genetics	play	a	considerable	role	in	OM	development.		

Research	is	ongoing	to	determine	which	genes	and	SNPs	increase	the	risk	of	developing	OME.	

The	use	of	genome	scans,	gene	expression	studies,	and	polymorphism	studies	may	help	us	to	

reach	a	more	precise	understanding	 the	pathogenesis	of	OME.	The	genes	 reported	 so	 far	

seem	to	relate	to	innate	immunity	and	cytokine	function.	
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2.3.7 Cytokines	and	immunocompetence	

Cytokines	are	glycoproteins	that	are	involved	in	regulating	the	immune	system,	particularly	

the	inflammatory	process,	and	may	play	a	key	role	in	COME.	Studies	in	children,	adults,	and	

animals	 have	 compared	 the	 cytokine	 concentrations	 in	 serum	 and	 MEE	 to	 presence	 or	

absence	 of	 OM,	 type	 of	 OM,	 atopy,	 and	 species	 of	 bacteria	 found	 in	 the	 ME.	 Cytokine	

concentrations	in	effusion	have	been	seen	to	vary	between	ears	in	a	single	subject.234	Patterns	

of	 cytokine	 levels	 can	 be	 difficult	 to	 interpret,	 as	 each	 cytokine	 has	 multiple	 functions.	

Cytokines	have	been	divided	using	various	systems	in	an	attempt	to	simplify	understanding.	

Common	categorisations	 include	pro-inflammatory	 vs.	 anti-inflammatory,	 Th1	 vs	 Th2,	 and	

immunoregulatory	vs.	allergy-related.	These	groupings	simplify	understanding,	but	may	be	

too	generic	to	act	as	accurate	models	of	the	many	 intricate	ways	that	 individual	cytokines	

mediate	inflammation.	Cytokines	may	play	various	roles	in	establishing	the	chronicity	of	OME	

in	response	to	pathogens	and	allergens.			

2.3.7.1 Interleukin-1	(IL-1)	

IL-1	has	two	forms,	IL-1α	and	IL-1β.	IL-1β	is	found	in	the	circulation	and	is	controlled	by	genes	

found	on	chromosome	2.235	IL-1b	is	mainly	produced	by	macrophages	and	neutrophils	and	is	

able	to	cause	fever,	bone	resorption,	lymphocyte	growth	and	mucosal	changes	in	the	middle	

ear.	IL-1b	has	been	found	in	MEE,	with	younger	children	and	children	with	cleft	palate	having	

higher	 levels.81,	 236	 However,	 other	 studies	 have	 not	 supported	 the	 finding	 that	 younger	

children	have	higher	concentration.237,	238	IL-1b	concentration	is	different	in	purulent,	mucoid	

and	serous	effusion.	Multiple	TTP	have	also	been	shown	to	correlate	with	levels	of	IL-1b,238	

but	again	this	has	not	been	supported	by	another	smaller	study.237	There	are	indications	that	

levels	may	be	higher	in	COME	than	in	OME.239	The	level	of	IL-1b	in	MEE	has	also	been	shown	
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to	positively	correlate	with	the	levels	of	TNFα,	IFNγ,	IL-2,	IL-6	and	IL-8.81,	236,	238,	240	In	a	cohort	

of	22	children,	it	was	found	that	IL-1b	was	correlated	with	the	presence	of	bacteria	in	the	ME,	

although	 this	 finding	 was	 not	 observed	 in	 serum	 samples.237	 No	 correlation	 was	 found	

between	levels	of	IL-1b	and	bacteria	cultured	in	MEE	in	a	cohort	measuring	S.	pneumoniae,	

H.	influenzae,	M.	catarrhalis,	and	S.	aureus.238	Also,	when	IL-1b	was	injected	into	the	middle	

ear	of	guinea	pigs	no	inflammatory	cells	were	detected.241	Therefore,	it	appears	that	IL-1b	is	

associated	with	OM	but	may	not	be	a	leading	causative	agent.	

2.3.7.2 Interleukin-2	(IL-2)	

IL-2	 is	 produced	 by	 activated	 T	 cells.	 IL-2	 regulates	 T	 cells,	 B	 cells,	 natural	 killer	 cells,	

monocytes,	and	macrophages.	 It	has	been	suggested	 that	 IL-2	 is	 closely	 involved	with	 the	

production	 of	 IgG.242	MEE	 of	 children	with	 COME	 has	 been	 shown	 to	 contain	 IL-2.81	 IL-2	

injected	into	guinea	pig	ears	was	shown	to	induce	an	inflammatory	response,	demonstrating	

the	potential	relevance	of	this	cytokine	to	OM	development.241	Studies	comparing	levels	of	

IL-2	 in	effusion	have	 shown	conflicting	 results.	 In	an	experimental	mouse	model,	 IL-2	was	

higher	 in	AOM	than	 in	OME.243	 In	children,	 IL-2	 levels	may	be	higher	 in	COME	than	OME,	

however	statistical	significance	was	not	reached.239	IL-2	is	not	significantly	different	in	atopic	

children	with	OME	compared	to	non-atopic	children,244	or	with	adult	patients	with	OME.245	

However,	children	with	cleft	palate	and	OME	had	higher	levels	than	those	with	OME	alone.81	

IL-2	has	also	been	shown	to	correlate	with	IL-12	and	IFNγ	in	adult	patients	with	OME.245	Type	

of	 effusion	 has	 not	 been	 found	 to	 correlate	with	 concentration	 of	 IL-2	 in	 the	 effusion	 of	

children	or	adults	with	OME.81,	245	The	expression	of	IL-2	was	found	to	be	lower	in	COME	than	

OME,	in	animal	models	with	induced	OM.243	In	children	up	to	the	age	of	17	years,	it	has	been	
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shown	that	COME	has	twice	the	concentration	of	IL-2	compared	to	OME,	however	this	did	

not	reach	statistical	significance.239			

2.3.7.3 Interleukin-4	(IL-4)	

IL-4	is	produced	by	T	cells,	mast	cells,	and	basophils	and	is	involved	in	B	cell	and	T	cell	growth	

and	the	production	of	IgG	and	IgE.	It	also	controls	inflammation,	deactivates	macrophages,	

and	regulates	other	cytokines.235	It	has	been	found	in	MEE	of	children	and	adults	with	OME,245	

and	with	higher	 levels	 in	atopic	 individuals	with	OME,244,	 246	 although	not	all	 studies	have	

detected	it	in	effusion.81	Concentration	in	effusion	has	been	observed	to	be	higher	in	children	

with	COME	however	this	was	not	statistically	significant,239	and	in	a	mouse	model	IL-4	levels	

were	higher	in	AOM	than	in	COME.243	Serum	concentration	of	IL-4	has	not	been	found	to	be	

higher	 in	 children	 with	 OME,247	 although	 children	 exposed	 to	 tobacco	 smoke	 have	

significantly	higher	 levels	than	those	not	exposed.248	 IL-4	has	not	been	shown	to	correlate	

with	mucoid	or	serous	effusion	in	adults	with	MEE.245	

2.3.7.4 Interleukin-5	(IL-5)	

IL-5	is	produced	by	basophils,	mast	cells,	and	T	cells	and	is	involved	in	eosinophil	production	

and	stimulating	IgA	production	by	B	cells.	IL-5	has	been	found	to	be	higher	in	children	with	

COME	 compared	 with	 an	 OME	 group,	 however	 this	 was	 not	 found	 to	 be	 statistically	

significant.239	A	mouse	model	has	 shown	more	 IL-5	 cells	 in	COME	as	opposed	 to	AOM.243	

Adults	with	OME	and	allergy	also	had	higher	levels	of	IL-5	but	again	this	was	not	statistically	

significant,245	 however	 expression	 of	 IL-5	 in	 atopic	 children	 with	 OME	 was	 higher	 when	

compared	with	non-atopic	children.246	Serum	levels	of	IL-5	have	also	been	investigated	with	

higher	levels	of	IL-5	in	COME/ROM	children	than	controls.247,	248	In	children	undergoing	TTP,	
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higher	 levels	of	 IL-5	have	been	observed	 in	effusion	 compared	 to	 serum.248	Children	with	

asthma	and	OME	had	a	correlation	between	their	IL-5	levels	and	eosinophils.249	In	adults	with	

OME	there	appeared	to	be	a	correlation	between	IL-4	and	IL-5	in	effusion	and	no	correlation	

between	IL-5	and	effusion	type.245	

2.3.7.5 Interleukin-6	(IL-6)	

IL-6	 is	 produced	 by	 macrophages,	 lymphocytes	 and	 epithelial	 cells	 and	 plays	 a	 role	 in	

inflammation	and	the	formation	of	CRP.250	Children	with	COME	have	been	shown	to	have	

higher	levels	of	IL-6	than	children	with	OME.239	Jang	et	al.	reported	IL-6	was	elevated	in	those	

children	with	OME	who	were	atopic.244	IL-6	has	been	highly	correlated	with	IL-1β	and	TNFα.238		

Serum	samples	of	children	with	AOM	where	S.	pneumoniae	was	detected	had	higher	levels	

of	IL-6	than	children	with	H.	influenzae	or	M.	catarrhalis.250	Kershner	et	al.	found	a	correlation	

in-vitro	between	exposure	of	ME	epithelial	cells	to	IL-6	and	degree	of	mucin	production.251	IL-

6	expression	has	been	found	to	negatively	correlate	with	positive	culture	findings	in	MEE	of	

children.228	

2.3.7.6 Interleukin-8	(IL-8)	

IL-8	is	a	chemokine	for	neutrophils	and	is	produced	by	macrophages	and	fibroblasts	as	well	

as	epithelial	and	endothelial	cells.	IL-8	has	been	detected	in	MEE	from	children	undergoing	

TTP	for	OME	and	has	been	correlated	with	IL-1.236	It	has	also	been	found	to	be	higher	in	COME	

when	compared	with	OME,	however	only	6.5%	of	the	sample	had	OME	and	this	study	did	not	

reach	statistical	significance.239	Chung	and	colleagues	found	that	IL-8	was	higher	in	mucoid	

than	serous	effusion	in	children.83	IL-8	levels	have	been	shown	to	fall	with	antibiotic	therapy	

when	 bacteria	 numbers	 fall.252	 Animal	 models	 have	 investigated	 how	 IL-8	 is	 involved	 in	
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inflammation	 in	 the	 ME.	 A	 murine	 model	 has	 shown	 that	 IL-8	 could	 produce	 a	 similar	

inflammatory	response	to	that	of	lipopolysaccharides	(LPS)	when	injected	into	the	skin	and	

ME	of	mice,	as	compared	to	a	saline	injection.253	It	was	concluded	that	IL-8	may	be	one	of	the	

cytokines	involved	in	OM	due	to	its	ability	to	produce	a	similar	effect	of	PMN	infiltration	and	

oedema	into	the	ME	much	like	a	OM	due	to	a	bacterial	infection.253	In	an	in-	vitro	study	of	the	

effect	of	various	pro-inflammatory	cytokines	on	mucin-secreting	goblet	cells,	IL-8	was	found	

to	 upregulate	 secretion	 of	 OME-related	mucins	 from	 the	 goblet	 cells	 in	 a	 concentration-

dependant	manner.	IL-8	was	stimulated	by	addition	of	TNFα	and	IL-1β	onto	cell	cultures	and	

the	production	of	IL-8	was	significant	after	24	hours.	IL-6	had	no	effect	on	the	production	of	

IL-8.	It	was	concluded	that	the	prolonged	nature	of	OME	may	be	explained	by	the	prolonged	

period	of	mucin	secretion	caused	by	IL-8.254	

2.3.7.7 Interleukin-10	(IL-10)	

IL-10	 is	 mainly	 produced	 by	 macrophages	 and	may	 play	 a	 role	 in	 down-regulating	 acute	

inflammation,	IL-1β,	IL-6,	and	TNFα.	It	has	been	suggested	that	an	excess	of	IL-10	in	effusion	

may	cause	amplification	of	the	chronic	phase	and	thereby	turn	AOM	to	COME.	However,	a	

deficiency	of	IL-10	may	prevent	the	down-regulation	of	IL-1β,	TNFα	and	IL-6	and	thus	may	

also	lead	to	OME.235	IL-10	has	been	detected	in	MEE	from	children	up	to	the	age	of	14	years	

undergoing	TTP	for	OME.255		It	has	also	been	suggested	that	levels	of	IL-10	are	higher	in	COME	

than	OME,	however	only	6.5%	of	the	sample	had	OME	as	opposed	to	COME	and	statistical	

significance	was	not	reached.239	The	presence	of	IL-10	may	suppress	acute	inflammation	that	

could	 increase	clearance	of	bacterial	 infection,	 resulting	 in	 the	chronic	 inflammatory	state	

characteristic	of	COME.236	Zhao	and	colleagues	found	that	IL-10	was	higher	in	COME	than	in	

AOM	in	both	the	serum	and	effusion,	IL-10	was	higher	in	effusion	of	children	with	a	history	of	
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TTP,	and	mucoid	effusion	had	higher	levels	of	IL-10	than	serous.256	Kariya	and	colleagues	also	

found	higher	 levels	of	 IL-10	 in	mucoid	effusion	 in	adults	with	OME.245	Liu	et	al.	has	 found	

higher	serum	levels	of	IL-10	in	children	infected	with	SP,	as	opposed	to	those	children	infected	

with	NTHI	or	MC.257	

2.3.7.8 Interleukin-12	(IL-12)	

IL-12	 is	 produced	 by	 macrophages,	 neutrophils	 and	 langerhans	 cells.	 It	 can	 activate	

macrophages	and	T	cell	proliferation.	It	is	released	when	cells	contact	pathogens	such	as	LPS.	

It	has	been	shown	to	stimulate	 innate	 immunity	and	enhance	antibody	production,	and	 is	

increased	by	IFNγ	production.258	Adults	with	MEE	have	been	found	to	have	IL-12	present	in	

effusion,	however	this	did	not	appear	to	correlate	with	effusion	type.245	Expression	of	IL-12	

has	been	observed	to	correlate	negatively	with	the	presence	of	culture	positive	MEE.228	

2.3.7.9 Interleukin-13	(IL-13)	

IL-13	has	been	associated	with	allergy	and	chronic	inflammation,259	and	it	is	believed	that	IL-

13	mediates	airway	hyper-reactivity	and	excessive	mucin	production.260	IL-13	stimulates	the	

release	of	the	profibrotic	cytokine	TGF-b	from	epithelial	cells.261	Smirnova	et	al.	observed	IL-

13	in	MEE	and	reported	a	correlation	with	the	concentration	of	mucin.262	Serum	levels	of	IL-

13	have	not	been	reported	to	be	associated	with	COME/ROM	with	TTP.247	

2.3.7.10 Interleukin-17	(IL-17)	

IL-17	is	chemotactic	for	inflammatory	cells,	contributes	to	dendritic	cell	maturation,	and	may	

be	involved	in	chronic	inflammation.	Serum	levels	of	IL-17	have	been	examined	in	children	

with	 AOM	 and	 concurrent	 viral	 infection,	 however	 it	 was	 only	 detected	 in	 2	 samples.263		



LITERATURE	REVIEW	

 83 

Moghaddam	 et	 al.	 reported	 that	 higher	 serum	 levels	 of	 IL-17	 were	 associated	 with	 an	

increased	risk	of	OME	after	adjusting	for	age	and	sex.264		

2.3.7.11 Tumor	necrosis	factor	alpha	(TNFα)	

TNFα	 is	 released	 from	 macrophages,	 lymphocytes,	 and	 epithelial	 cells	 and	 can	 activate	

neutrophils,	eosinophils,	and	macrophages.	TNFα	has	been	found	in	MEE	of	some	children	

undergoing	TTP,236	with	multiple	TTP	associated	with	higher	TNFα	levels.238	However	this	has	

not	been	uniformly	found	as	one	study	found	the	reverse	relationship265	while	another	found	

no	correlation.237	There	has	also	been	some	support	for	a	correlation	between	age	and	TNFα	

in	 effusion,81	 however	 this	was	 no	 longer	 significant	when	 the	 researchers	 controlled	 for	

number	of	TTP,238	and	no	correlation	was	found	in	another	study.237	A	relationship	has	been	

found	between	TNFα	and	the	presence	of	bacteria	in	the	MEE,	although	this	finding	was	not	

found	in	serum	samples.237,	247	

Patel	and	colleagues	compared	children	who	were	OM	prone	to	a	control	group	and	found	

that	polymorphisms	 in	TNFα	made	 individuals	more	 susceptible	 to	OM.231	Matkovic	et	 al.	

looked	at	the	difference	in	cytokine	levels	between	OME	and	COME	and	found	that	TNFα	was	

higher	in	the	COME	group.	However,	only	6.5%	of	their	sample	had	OME	as	opposed	to	COME	

and	none	of	these	cytokines	reached	statistical	significance.239	Serum	levels	of	TNFα	have	not	

been	found	to	be	different	in	a	case-control	study	of	children	with	OME.248	Mucoid	effusion	

has	higher	levels	of	TNFα	in	the	effusion	and	it	correlates	with	levels	of	heat	shock	protein,	a	

product	that	results	from	tissue	injury266	as	well	as	with	IL-6	and	IL-1β.238	Higher	levels	of	TNFα	

have	been	seen	 in	children	with	allergy	and	OME	compared	with	non-atopic	children	with	

OME.244	Expression	of	TNF	has	been	found	to	negatively	correlate	to	positive	culture	findings	

in	MEE	of	children.228	
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2.3.7.12 Transforming	growth	factor	beta	(TGFβ)	

TGFβ	is	mainly	produced	by	neutrophils	and	macrophages	and	helps	to	initiate	inflammatory	

processes.	 TGFβ	 is	 involved	 in	 epithelial	 cell	 damage,	 goblet	 cell	 hyperplasia,	 and	 airway	

inflammation.	 TGFβ	 has	 been	 found	 in	 MEE.267	 TGFβ	 concentration	 in	 both	 serum	 and	

effusion	of	adults	has	been	found	to	be	higher	 in	COME	than	in	AOM	or	 in	controls.	TGFβ	

levels	were	also	higher	in	serum	of	adults	with	more	than	one	TTP,	but	did	not	differ	between	

effusion	types.256	

2.3.7.13 Interferon	gamma	(IFNγ)	

IFNγ	has	been	detected	 in	a	portion	of	MEE	 in	 children	with	COME.81	 It	may	be	 in	higher	

concentration	 in	 COME	 than	 OME,	 however	 this	 finding	 did	 not	 reach	 statistical	

significance.239	IFNγ	levels	in	adults	with	MEE	have	not	been	shown	to	differ	between	mucoid	

or	serous	effusion.245	Sobol	et	al.	compared	atopic	children	with	OME	to	non-atopic	children	

with	 OME	 and	 found	 that	 the	 expression	 was	 higher	 in	 non-atopic	 children.246	 Studies	

examining	serum	 levels	of	 IFNγ	have	 found	higher	 levels	 in	a	univariable	model	but	when	

adjusting	for	age	and	smoke	exposure	it	was	no	longer	significant.248	IFNg	has	been	found	to	

negatively	correlate	to	culture	positive	MEE	in	children	with	OME,	which	may	indicate	a	defect	

in	cytokine	production.228	Serum	levels	of	IFNγ	have	not	been	reported	to	be	associated	with	

COME/ROM.247	

Table 23. Cytokines and immunocompetence 

Study Design Size Age Results 

Johnson et al.253 Pathology 58 (Mice) Mice with human IL-8 injected into 

one middle ear showed thickened 
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epithelial layer with inflammation of 

subepithelial space compared to non-

injected ear and saline control 

Skotnicka & Hassmann255 Pathology 23 4-13 yrs IL-1b, IL-8 and IL-10 detected in all 

effusions of children receiving TTP. 

TNF-a detected in 47% of subjects. 

IL-1b level correlated with TNF-a (r 

= 0.87, p=0.001) and IL-8 (r = 0.53, 

p=0.001) 

Sobol et al.246 Cohort 26 1-8 yrs IL-4 and IL-5 higher expression in 

atopic children with OME 

IFNg higher expression in non-atopic 

children with OME 

Jang et al.244 Cohort 35 4-13 yrs IL-4 was higher in atopic children 

with OME (p<0.05) 

IL-6 was higher in atopic children 

with OME (p<0.05)  

TNFα was higher in atopic children 

with OME (p<0.05) 

IL-2 did not reach statistical 

significance 

Bikhazi et al.243 Animal 

Model 

13 3-4 mths IL-2 was higher in AOM than in 

OME 

IL-4 levels were higher in AOM than 

in COME 

IL-5 cells higher in COME as 

opposed to AOM 

Moghaddam et al.264 Case-control 150 7-12 yrs Serum IL-17 levels associated with 

OME after controlling for age and 

sex, OR=1.13 (p=0.002) 

Arshi et al.247 Case-control 63 8mths –12 

yrs 

IL-5 higher in serum in children with 

OM treated with TTP 1pg/ml 

compared to 0.4 pg/ml in controls in 

a multivariable model., (p=0.009) 
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No association between serum levels 

of IL-4, 13, IFNg or TNFa and OME 

in a multivariable model 

Zhao et al.256 Case-control 36 18-64 yrs IL-10 was higher in COME in both 

serum and effusion (p<0.05) 

TGFb was higher in COME in both 

serum and effusion (p=0.01) 

Matkovic et al.239 Cohort 59 0-17 yrs IL-1,2,4,5,6,8,10, TNFa and IFNg 

levels higher in COME than in OME 

(not significant) 

Kariya et al.245 Controlled 

clinical trial 

80 35-92 yrs Higher levels of IL-10 in mucoid 

effusion. 

Park et al.266 Cohort 34 9 mths –15 

yrs 

Different profile between adults and 

children 

TNFa higher in mucoid effusion 

HSP70 correlated with TNFa and 

IL-1β (p<0.5) 

Yellon et al.81  59 Average 

2.9 yr & 3.5 

yrs 

Correlation between IL-1, TNFa and 

IL2 

TNFa correlated with age and 

number TTP 

IL-1 & 2 higher in cleft palate 

Nonaka et al.249 Case-control 14 14- 70 yrs IL-5 levels and eosinophils in MEE 

correlated in children with asthma 

and OME (p=0.03) 

IL-5 higher in MEE than in serum 

Matkovic et al. 234 Cohort 54 3-15 yrs TNFa, TNFb, IL-1b, IL-8, IL-5, IL-

4, IL- 10, IL-6, IFNg, IL-2 were 

different between both ears of the 

same patient 

Chung et al. 83 Case 

comparison 

45 2-11 yrs IL-8 higher in mucoid effusion 

(p=0.005) 



LITERATURE	REVIEW	

 87 

Johnston et al.248 Case-control 36 8mth -15 

yrs 

In COME and ROM IL-4 was not 

associated, but higher in ETS was 

correlated with IL-4 (p=0.003) 

IL-5 was higher in serum levels in 

cases in multivariable analysis 

(p=0.014) 

IFN was not significant in 

multivariable analysis (p=0.08) 

TNFa was not significant (p=0.4) 

Summary 

Research	into	cytokines	and	OME	is	beginning	to	uncover	patterns	that	may	lead	to	a	better	

understanding	of	the	aetiology	and	pathogenesis	of	OME.	Age	seems	to	play	a	role,	although	

this	 is	 clearer	 between	 adults	 and	 children	 as	 opposed	 to	 within	 children.	 Measures	 of	

severity	such	as	hearing	loss	and	number	of	TTP	may	provide	a	clearer	picture.	It	appears	that	

there	is	a	correlation	between	number	of	TTPs	and	levels	of	TNFα,	IL-10,	and	IL-1β	in	effusion,	

and	serum	 levels.	The	type	of	effusion	could	be	another	measure	of	severity	with	mucoid	

effusion	tending	to	have	higher	levels	of	TNFα,	IL-8,	IL-2,	and	IL-10.	Certain	cytokines	could	

be	higher	 in	atopic	children	with	OME	including	IL-4,	 IL-5,	and	TNFα,	and	there	may	be	an	

association	 between	 eosinophil	 production	 and	 allergy.	 These	 findings	 support	 a	 role	 for	

allergy	in	the	pathogenesis	or	persistence	of	OME,	and	the	finding	that	IFNγ	is	higher	in	non-

atopic	children	may	indicate	that	it	is	protective.	Studies	have	tried	to	compare	AOM,	to	OME,	

and	OME	to	COME,	with	varying	results.	COME	seems	to	involve	IFNγ,	TGFβ,	and	IL-10.	Many	

cytokines	have	been	found	to	correlate	with	each	other	in	OME	including	IL-1β,	correlating	

with	TNFα,	IL-2,	IL-6,	IL-8,	and	IFNγ	and	IL-2	correlating	with	IL-12,	IFNγ,	and	IL-1β.	
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2.3.8 Antibodies	and	immunocompetence	

Research	 into	 immune	 function	 in	 OME-prone	 children	 has	 varied	 widely	 in	 focus	 and	

approach,	 and	 the	 results	 are	 sometimes	 contradictory.	 There	 are	 some	 indications	 that	

children	 with	 early	 or	 recurrent	 OME	 may	 differ	 in	 various	 immune	 factors	 from	 other	

children,	 and	 there	 is	 confidence	 that	 children	with	 rare	 immunodeficiency	 disorders	 are	

particularly	prone	to	OME.		

Since	 the	 1980s,	 several	 studies	 have	 investigated	whether	 a	 high	 or	 low	 level	 of	 various	

immune	factors	could	be	a	risk	factor	for	the	development	or	continuation	of	OME	or	AOM.	

The	 investigators	 usually	 posit	 that	 a	 minor	 immunodeficiency	 could	 result	 in	 increased	

colonization	of	the	NP	with	pathogens	that	lead	to	OM,	and	in	decreased	resistance	of	the	

ME	to	such	pathogens.	These	studies	typically	investigate	“otitis-prone”	children	who	have	

frequent	episodes	of	AOM	or	OME,	 and	 compare	 them	either	 against	healthy	 children	or	

children	with	fewer	episodes	of	OM.	

The	rare	condition	common	variable	immunodeficiency	(CVI)	is	strongly	associated	with	OM.	

In	a	cohort	of	103	US	subjects	aged	3-71	years	with	CVI,	all	of	 the	subjects	had	 recurrent	

bronchitis,	 sinusitis,	 and/or	OM.268	 Eibl	&	Wolf	 state	 that	 CVI	 is	 similar	 to	 other	 forms	 of	

antibody	deficiency	in	being	associated	with	various	recurrent	infections,	including	OM.	While	

the	exact	genetic	cause	of	CVI	is	unknown,	the	majority	of	patients	show	abnormalities	in	T-

cell	activation.269	

Children	with	lower	antibody	levels	may	be	more	predisposed	to	developing	COME	or	RAOM.	

Subtle	immunoglobulin	insufficiencies	may	also	be	risk	factors	for	OM.	Associations	between	

low	IgG2	and	OM	have	been	found,	especially	for	antibodies	specific	to	OM	pathogens.	



LITERATURE	REVIEW	

 89 

2.3.8.1 Immunoglobulin	G	(IgG)	

IgG	is	noted	for	forming	antibodies	against	S.	pneumoniae,	H.	influenzae	and	M.	catarrhalis,	

the	most	common	pathogens	found	in	MEE.270	Only	IgG	can	cross	the	placenta	and	therefore	

it	is	more	numerous	than	the	other	immunoglobulins271	and	increases	with	age.272	While	no	

association	between	OM	and	total	levels	of	IgG	in	effusion	or	serum	has	been	observed	to	

reach	statistical	significance,224,	272-275	some	associations	have	been	found	for	IgG	subclass	2.		

IgG1:	Immunoglobulin	subclass	1	(IgG1)	is	the	most	numerous	of	the	IgG	subclasses.	Studies	

examining	IgG1	levels	in	cord	blood	and	in	serum	of	children	have	not	found	a	relationship	

between	AOM	proneness	and	IgG1	levels.276	This	may	help	to	explain	why	total	IgG	has	not	

been	found	to	be	associated,	as	the	lack	of	association	with	subclass	1	may	create	too	much	

noise	to	detect	associations	with	less	common	subclasses.	

IgG2:	Low	plasma	levels	of	IgG2	have	been	associated	with	AOM,	and	with	the	presence	of	H.	

influenzae	 in	 the	 NP.274,	 276,	 277	 Children	 with	 bilateral	 COME	 have	 been	 seen	 to	 have	 an	

increased	risk	of	ROM	if	they	have	a	combination	of	high	ET	closing	pressure	and	low	IgG2	

levels.277	 A	 high	 ET	 closing	 pressure	 may	 be	 related	 to	 poor	 ET	 ventilation	 or	 drainage.	

However,	several	studies	have	not	found	associations	between	IgG2	in	cord	or	serum	blood	

and	AOM274,	276,	278	or	OME.279	

IgG3	and	IgG4:	Low	plasma	IgG3	and	IgG4	have	not	been	found	to	be	associated	with	AOM-

proneness.272	

Pathogen-specific	 IgG:	 Serum	 antibodies	 specific	 to	 S.	 pneumoniae,	H.	 influenzae	 and	M.	

catarrhalis	have	been	shown	to	be	associated	with	OM.224,	280	Takada	and	colleagues	found	

that	 children	 with	 recurrent/persistent	 OME	 had	 lower	 levels	 of	 serum	 and	 effusion	 IgG	



LITERATURE	REVIEW	

 90 

antibody	specific	to	antigens	of	M.	catarrhalis.274,	277	Kaur	et	al.	 found	that	specific	 IgG	for	

NTHI	was	lower	in	children	with	RAOM	than	in	non-otitis-prone	children,	and	increased	less	

over	time.281	Harabuchi	et	al.	found	associations	between	lower	levels	of	antibodies	specific	

to	S.	pneumoniae,	non	typeable	H.	influenzae,	and	M.	catarrhalis	and	severity	in	children	aged	

up	to	six	years,	however	no	association	was	found	in	an	older	age	group.282	Conversely	Misbah	

et	al.	and	 found	higher	serum	antibodies	 levels	 specific	 to	S.	pneumoniae	 in	children	with	

OME	aged	two	to	ten	years,	however	lower	serum	antibodies	levels	specific	to		H.	influenzae	

were	 found	 in	 seven	 to	 ten	 year	 old	 children.283	 Prellner	 et	 al.	 found	 that	 IgG	 antibodies	

against	S.	pneumoniae	types	6A	and	19F,	but	not	type	3,	were	significantly	lower	in	children	

with	RAOM.284	Other	studies	have	also	found	no	association	with	immunoglobulin	levels	and	

OM272,	274,	284	although	some	have	found	trends.279	While	Jorgensen	found	no	association,	the	

mean	 age	 of	 their	 cases	 was	 five	 months	 higher	 than	 the	mean	 age	 of	 their	 controls,	 a	

difference	 that	could	have	 influenced	 the	 results.	Some	of	 the	discrepancy	 in	 the	 findings	

between	 studies	 may	 result	 from	 differences	 in	 the	 age	 of	 subjects,	 local	 prevalence	 of	

pathogens	and	immunisation	practices.	

2.3.8.2 Immunoglobulin	A	(IgA)	

Immunoglobulin-A	 is	 the	main	 immunoglobulin	 involved	 in	mucosal	protection,	and	 levels	

increase	after	two	years	of	age.	Both	effusion	levels	and	serum	levels	have	been	investigated	

in	relation	to	OM.	Lower	levels	of	 IgA	and	transcription	factors	have	been	observed	in	the	

effusion	of	OME-prone	children.273	A	combination	of	high	ET	closing	pressure	and	 low	 IgA	

levels	has	been	found	in	a	multivariable	analysis	to	increase	the	risk	of	ROM	compared	to	high	

ET	closing	pressure	alone.276	Contrary	to	these	findings	another	study	examining	otitis	prone	
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children	found	no	difference	in	IgA	levels	in	effusion.278	Serum	levels	of	IgA	have	not	been	

found	to	be	associated	with	OME.224	

2.3.8.3 Immunoglobulin	M	(IgM)	

Two	 studies	 have	 found	 low	 serum	 levels	 of	 IgM	 to	 be	 associated	with	OME,272,	 275	while	

others	found	no	difference	in	IgM	levels	in	effusion.273,	275		

Table 24. Antibiodies and immunocompetence 

Study Design Size Age Results 

Freijd et al.277 Case-control 40 12 & 32 

mths 

Plasma IgG2 lower in AOM-prone 

12 month olds than age-matched 

controls, t=2.59 (p<0.02) 

Plasma IgG2 lower in AOM-prone 

32 month olds than age-matched 

controls, t=3.77 (p<0.001) 

In AOM-prone 12 month olds, H 

influenzae was 2.6 times more 

common as sole nasopharyngeal 

finding when IgG2 was less than 

mean value (p<0.01) 

In AOM-prone 12 moth olds, 

pneumococci were 1.9 times more 

common as sole nasopharyngeal 

finding when IgG2 was greater than 

mean value (p<0.01) 

Prellner et al.276 Cohort 113 0 –3yrs IgG levels in cord blood and serum 

against S. pneumoniae lower in 

AOM prone (p<0.05) 

Total IgG, IgG1 and IgG3 in cord 

serum and blood not associated with 

AOM proneness (p>0.05) 



LITERATURE	REVIEW	

 92 

Salazar et al.87 Cohort 425 0-6mths Low S. pneumoniae (type 14 and 

19F) IgG levels in cord serum 

associated with early OM onset, 

RR=1.77 (CI 1.05-2.99) 1.89 (CI 

1.11-3.23) (p=0.03) and (p=0.02) 

respectively 

No association with S. pneumoniae 

types 3, 4, 6B, 18C, and 23F and IgG 

levels in cord blood with early onset 

OM 

Misbah et al.284 Case-control 450 2-16 yrs High S. pneumoniae IgG levels in 

OM children, 2-6 year (p<0.004), 7-

10 year (p<0.04)  

Low Haemophilus type B IgG levels 

in OM children,7-10 year (p<0.003) 

Harabuchi et al.283 Cohort 168 10 mth to 

15 yrs 

In children up to 6 years, more 

severe OME associated with low 

anti-CD antibody (r=-0.23, p=0.012), 

anti-P6 antibody (r=-0.292, 

p=0.0015), and anti-pneumococcal 

polysaccharides antibody (r=-0.292, 

p=0.0015) 

In children 7 years or older, no 

association between more severe 

OME and antibody levels 

Takada et al.281  59 1-12 yrs Low M. catarrhalis IgG levels in 

serum and effusion in children with 

persistent/recurrent OME (p=0.009)  

Straetemans et al.278 Cohort 132 2-7 yrs Associations with OME recurrence: 

High ET closing pressure and low 

IgA, RR=6.3 (CI 1.0-40.2) (p<0.05) 

High ET closing pressure + low 

IgG2, RR=3.0 (CI 1.1-8.2) (p<0.05) 

High functional mannose-binding 

lectin, OR=0.7 (CI 0.6-1.0) (p<0.05) 
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Shin et al.273 Case-control 61 1-11yrs IgA levels in MEE lower in otitis 

prone children 

Expression of transcription factors 

Blimp-1, Bcl-6, XBP-1 and Pax 

lower in otitis prone children 

Jorgensen et al.279 RCT/Case-

control 

44 0-18 mths No association in IgG2 levels in 

children with recurrent AOM. 

Berman et al.274 Case-control 119 0-40 mths No association in total IgG, or 

subclasses IgG1, IgG2, IgG3 or 

IgG4 

Drake-Lee et al.272 Case-control 100 3-10 yrs No association between OME and 

serum total IgG, IgG2, total IgA, and 

IgA2 

No association between OME and 

functional total IgG, IgG2, and IgA 

antibodies to S pneumoniae antigen 

PCP  

Straetemans et al.275 Cohort 90 2-7 yrs  No association of ROM and serum 

IgA, IgG, IgG subclasses 

Lower IgM associated in ROM 

(p=0.01) 

Thornton et al.280 Case-control 183 1-14 yrs OM associated with lower anti-NTHi 

protein D serum IgG when adjusted 

for age (p≤0.003) 

Kaur, Casey & 

Pichichero282 

Cohort 85 6-30 mths IgG for NTHi Protein D lower in 

RAOM than non-otitis prone 

children (p<0.03) 

Antibody for D, P6 and OMP26 

increased less over time in RAOM 

than non-otitis prone children 

(p<0.001) 
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Summary 

Most	 studies	 support	 a	 lack	 of	 immunocompetence	 as	 being	 associated	 with	 OME	

development.	

2.3.9 Other	immune	factors	

Other	immune	factors	have	also	been	examined,	including	the	complement	system.	Narkio-

Makela	et	al.	carried	out	a	histological	study	involving	14	children	with	COME	(defined	as	a	

duration	of	at	least	two	month	with	no	acute	infection)	undergoing	TTP	and	adenoidectomy.	

A	 small	 sample	 of	 the	 ME	 mucosa	 was	 examined	 for	 complement	 activation	 cells	 and	

microorganisms	and	compared	with	two	control	specimens	from	patients	without	OME.	The	

subjects	with	OME	were	found	to	have	complement	activation	cells	(C3c,	C3d,	C9,	VN,	DAF,	

MCP,	CD59)	in	their	mucosa	lining	and	they	seem	to	be	protected	from	complement	attack,	

which	was	not	found	in	the	controls.285	

2.3.10 Allergy	and	atopy	

Allergy	appears	to	be	associated	with	OME	in	some	children.	The	principal	measures	of	allergy	

in	OME	studies	are	 IgE	 sensitisation	 to	 food	or	 inhalant	allergens,	and	parent-reported	or	

doctor-diagnosed	symptoms	such	as	allergic	rhinitis.	Some	authors	have	also	noted	possible	

improvements	 in	OME	 in	 allergic	 individuals	who	 undergo	 immunotherapy	 or	 elimination	

diets,	 and	worsening	 of	 OME	 on	 exposure	 to	 allergens.	 No	 RCTs	 of	 allergic	 treatment	 or	

exposure	have	been	performed.		

Various	underlying	mechanisms	for	the	apparent	association	between	allergy	and	OME	have	

been	hypothesised.	The	ME	may	be	capable	of	having	an	allergic	response	as	a	direct	result	

of	allergen	invasion,	or	allergens	in	the	upper	respiratory	tract	may	be	able	to	indirectly	cause	

inflammation	 in	 the	ME	 if	 these	 tissues	 form	 a	 continuous	 “shock	 organ”	 that	 responds	
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systemically	to	allergens.171,	286	Conditions	such	as	allergic	rhinitis	may	cause	 inflammatory	

dysfunction	 of	 the	 ET,	 leading	 to	 OME.287	 Alternatively,	 allergy	 may	 be	 responsible	 for	

increasing	the	risk	of	developing	URI	or	bacterial	infection,	which	in	turn	increases	the	risk	of	

OME.	

2.3.10.1 IgE	sensitisation	

Several	studies	have	investigated	associations	between	OME	and	allergies	to	specific	foods	or	

inhalants.	Such	allergies	are	typically	assessed	by	skin	prick	tests,	serum	s-IgE	tests,	or	oral	

food	challenge,	all	of	which	measure	IgE	sensitisation	to	allergens.	

Most	studies	measuring	IgE	sensitisation	to	allergens	have	found	a	correlation	to	OME.167	The	

proportion	of	children	with	OM	who	also	have	allergy	has	been	found	to	range	from	32%-

63%,	as	compared	with	the	proportion	of	children	without	OM	who	also	have	allergy	which	

has	 been	 found	 to	 range	 from	 6%-41%.118,	 171,	 176,	 178,	 288-290	 Two	 studies	 have	 found	 no	

association	between	IgE	sensitisation	tests	and	OM.291,	292	A	meta-analysis	of	six	studies	found	

an	association	between	allergy	and	OME	with	an	OR	of	3.94.293	One	of	the	studies	included	

in	 this	 meta-analysis	 did	 not	 have	 a	 clear	 definition	 of	 allergy,	 instead	 relaying	 on	 a	

combination	 of	 parental	 reporting	 of	 a	 history	 of	 allergy	 and	 unspecified	 nasal	

examinations.294	

2.3.10.2 Allergic	rhinitis	

Associations	 have	 been	 observed	 between	 OME	 and	 allergic	 rhinitis.171,	 286,	 295,	 296	 The	

proportion	of	children	with	OME	who	also	have	allergic	rhinitis	has	been	reported	to	range	

from	16.3%	to	17.4%,	compared	with	children	without	OME	of	whom	only	5.5%	to	7.5%	have	

been	found	to	have	allergic	rhinitis.291	A	case-control	study	comparing	children	with	allergic	
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rhinitis	and	controls	found	allergic	rhinitis	to	be	associated	with	OME	with	an	OR	of	4.64	when	

adjusted	 for	 age	 and	 sex.297	 Some	 studies	 have	 not	 found	 an	 association.298,	 299	 A	meta-

analysis	of	three	studies	found	an	association	between	allergic	rhinitis	and	OME	with	an	OR	

of	3.06.293	

2.3.10.3 Asthma,	atopic	eczema,	and	other	allergic	symptoms	

Fewer	studies	have	investigated	associations	between	OME	and	asthma.	Wheezing	has	been	

reported	to	be	associated	with	OME,118	but	not	with	TTP,115	in	a	multivariable	analysis.	OME	

has	 been	 found	 to	 be	more	 common	 in	 infants	with	 asthma.286	One	 study	has	 not	 found	

wheeze	to	be	associated	with	OME.299	

One	 study	has	 found	 that	 children	with	OME	had	 a	 prevalence	of	 parent-reported	 atopic	

eczema	of	11.04%,	higher	than	the	4.5%	found	in	children	without	OME.291	Not	all	studies	

have	found	an	association.299	

Any	possible	association	between	OME	and	anaphylactic	allergy	has	proved	difficult	to	study,	

due	 to	 the	 rarity	of	 this	 condition	and	difficulties	with	defining	children	with	anaphylactic	

conditions.118	

Two	 studies	 have	 found	 general	 symptoms	 or	 history	 of	 allergy	 such	 as	 sneezing,	 nasal	

discharge,	 nasal	 obstruction,	 and	 itching	 to	 be	 associated	with	 COME,34,	 36	 one	 found	 an	

association	in	a	univariable	analysis,	but	not	in	a	multivariable	analysis,117	while	a	final	study	

did	not	find	a	univariable	association.114	

Some	studies	have	investigated	family	history	of	allergy	and	have	found	an	association.34,	118	

Other	studies	have	been	unable	to	find	an	association.18,	32,	121,	291	



LITERATURE	REVIEW	

 97 

2.3.10.4 Allergy	intervention	studies	

In	a	group	of	children	with	ROM	and	food	allergy,	86%	were	found	to	have	improvement	of	

OME	symptoms	after	a	food	allergen	elimination	diet,	and	94%	showed	worsening	of	OME	

symptoms	after	a	food	allergen	challenge	intervention.300	A	controlled	trial	is	warranted,	to	

separate	the	effects	of	the	elimination	diet	and	food	challenge	from	natural	history.	

In	 a	 study	 of	 children	 and	 adults	 with	 intractable	 COME,	 68	 were	 treated	 with	 allergic	

immunotherapy	specific	to	the	antigens	they	were	diagnosed	with,	and	21	who	refused	the	

therapy	 were	 used	 as	 controls.	 There	 was	 no	 randomisation	 or	 placebo.	 Subjects	 were	

followed	up	 for	 periods	 of	 between	 two	 and	 eight	 years.	 85%	of	 ears	 in	 treated	patients	

became	 and	 remained	 free	 of	 effusion	 within	 a	 year	 of	 immunotherapy	 commencing,	

whereas	none	of	the	untreated	control	ears	became	free	of	effusion.	While	an	RCT	design	

would	be	preferable,	such	strong	clinical	results	from	allergic	immunotherapy	are	indicative	

of	a	relationship	between	intractable	COME	and	allergy.301	

2.3.10.5 Total	IgE	

Studies	of	immune	factors	indicative	of	general	atopic	response	have	found	mixed	results.	No	

relationship	has	been	found	between	serum	level	of	IgE	and	effusion	level	of	IgE	for	specific	

antibodies,	suggesting	that	a	localised	allergic	response	in	the	ME	may	be	possible.302	Total	

IgE	levels	have	not	be	associated	with	OME,289,	292,	298	nor	has	an	association	been	found	with	

eosinophil	levels.303		

Higher	 levels	 of	 eosinophils,	 T	 lymphocytes,	 and	 IL-4	 mRNA+	 cells	 and	 lower	 levels	 of	

neutrophils	and	IFN-γ	mRNA+	cells	have	been	observed	in	the	MEE	of	atopic	children	with	OM	
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than	in	the	MEE	of	non-atopic	children	with	OM.	Similar	differences	were	found	in	analysis	of	

the	subjects’	nasopharyngeal	mucosa	and	adenoid	biopsies.304	

Table 25. Allergy and atopy 

Study  Design Size Age Results 

Cheng et al.293 Meta-analysis 1010 

/ 

5737 

 Allergic rhinitis associated with 

OME in meta-analysis, OR=3.06 

(CI 2.01-4.66) (p<0.001) 

Allergy associated with OME in 

meta-analysis, OR=3.94 (CI 1.60- 

9.72) (p<0.001) 

Pau & Ng297 Case-control 344 4-12 yrs Allergic rhinitis associated with 

OME when controlling for age 

and sex, OR=4.64 (CI 1.42–20.84) 

(p=0.016) 

Ruokonen et al.305 RCT 67 2-13 yrs Marginally significant association 

between elimination diet and 

reduced OME prevalence in 

children with food allergy 

(p<0.06) 

Irander et al.286 Cohort 64 0-18 mths OME > 3 months associated with 

respiratory tract allergy compared 

to only skin allergy (p<0.05) and 

non-atopic children (p<0.05) 

Nguyen et al.304 Cohort 45 2-18 yrs Atopy associated with higher 

levels of eosinophils, T 

lymphocytes, and IL-4 mRNA+ 

cells (p<0.01) and lower levels of 

neutrophils and IFN-γ mRNA+ 

cells (p<0.01) in MEE in children 

with OME 
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Apostolopoulos et al.34 Cross-sectional 5121 6-12 yrs Personal and family history of no 

allergy marginally associated with 

reduced risk of OME in 

multivariable analysis, OR=0.74 

(CI 0.53-1.03) (p=0.07) 

Kreiner-Moller et al.296 Cohort 262 6 yrs OME associated with allergic 

rhinitis in multivariable analysis 

OR=3.36, (CI 1.26-8.96) (p=0.02) 

OME not associated with nasal 

mucosal swelling 

Martines et al.167 Case-control 2097 5-14 yrs OME associated with atopy in 

univariate analysis, OR=12.67 (CI 

8.78–18.27) (p<0.0001) 

Martines et al.176 Cross-sectional 2097 5-14 yrs OME associated with atopy in 

univariable analysis. 62.9% of 

children with OME were atopic 

children compared to 11.82% of 

children who did not have OME, 

r= 0.9971 (p<0.0002) 

Martines et al.178 Cross-sectional 310 5-6 yrs COME associated with atopy in 

univariable analysis. 60% of 

children with OME were atopic 

compared with 11.85% of children 

who did not have OME, 

OR=11.16 (p=1.50-13)  

Atopy associated with hearing 

loss, r=0.99 (p<0.0001) 

Marseglia et al.171 Cross-sectional 287 2-15 yrs OME associated with allergic 

rhinitis in univariable analysis, 

OR=8.12 (CI 2.37-27.83) 

(p=0.001) 

OME associated with allergic 

rhinitis in multivariable analysis 

OR=2.53, (CI 1.25-5.11) (p=0.01) 
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Tong et al.117 Nested case-

control 

127 5-7 yrs OME associated with unspecified 

atopy univariably, OR=2.21 (CI 

1.05-4.66) (p=0.04) 

OME not associated with atopy in 

a multivariable model. 

Caffarelli et al.291 Case-control 172 4-14 yrs Association with allergic rhinitis 

(p<0.001) 

Association with atopic eczema 

(p<0.05) 

No association with family history 

of atopy 

No association with positive skin-

prick tests for grasses, plantain, 

alternaria, parietaria, birch, 

hazelnut, artemisia, cladosporium, 

aspergillus, Dermatophagoides 

pteronyssinus and farinae, or cat 

and dog epithelium 

Chantzi et al.118 Case-control 168 1-7 yrs OME associated with IgE 

sensitisation, OR=2.52 (CI 1.06-

5.99) (p=0.04), Wheezing OR= 

8.17 (CI 2.68-24.92) (p<0.001), 

and family history of OM 

OR=4.39 (CI 1.86-10.37) 

(p=0.001) 

Corey et al.288 Case-control 148 1-18 yrs COME associated with allergy to 

Chenopodium, pigweed, ragweed, 

Cladosporium, house dust, cat 

dander, dog dander, egg white, 

and soybean (p<0.05) 

Aydogan et al.290 Case-control 112 1-14 yrs Food allergy associated with 

OME, OR=3.7 (CI 1.14-14.10) 

(p<0.05) 

Nsouli et al.300 Controlled trial 104 1.5-9 yrs 86% of 81 subjects with OME and 

allergy showed improvement in 
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OME symptoms following a food 

allergen elimination diet, 

compared to only 14% of 7 

controls given a milk elimination 

diet (p<0.001) 

Alles et al.295 Uncontrolled 209 3-8 yrs 89% prevalence of allergic rhinitis 

in children with OME. (No 

inferential statistics used) 

Hurst301 Non-RCT 89 2-8 yrs In subjects with COME and atopy, 

85% of those who received 

immunotherapy became free of 

effusion in a year compared with 

0% of controls (p<0.001)  

Gultekin et al.36 Cohort 1740 5-12 yrs COME associated with nasal 

symptoms of allergy univariably 

(p<0.05) 

Marchisio et al.32 Cohort 3413 5-7 yrs No association with family history 

of allergy (p=0.103) 

Dewey et al.18 Cohort 1590 8 mth-3.5 yrs No association with maternal 

history of allergy (p>0.05) 

Xenellis et al.114 Cohort 250 6-12 yrs No association with history of 

allergy and persistence of OME 

(p=0.83)  

Hurst et al.302 Cohort 18 3.3-11.8 yrs No association between serum 

level of IgE and effusion level of 

IgE for specific antibodies using 

ELISA testing (p<0.001) 

Saim et al.121 Cross-sectional 1097 5-6 yrs No association between asthma 

(p=0.98), or allergy (p=0.1) and 

OME  

Coulson et al.292 Case-control 95 3-10 yrs No association between total 

serum IgE and OME (no p value 

given) 



LITERATURE	REVIEW	

 102 

No association between positive 

house dust mite s-IgE and OME 

(no p value given) 

Yeo et al.298 Case-control 264 9 mth-12 yrs No association between OME and 

allergic rhinitis, serum IgE, 

effusion IgE, or eosinophil levels 

(p>0.05) 

Souter et al.299 Cross-sectional 89 6-7 yrs COME or recurrent OM not 

associated with wheeze, 

rhinoconjunctivitis or eczema 

(p>0.05) as compared to reference 

group 

Doner et al.289 Case-control 22 5-17 yrs No association with total IgE 

levels and OME (p=0.83) 

Intractable chronic OME 

associated with inhalant and food 

allergies in 36.4% versus 8.3% of 

the controls assessed by SPT 

(p=0.032) 

Summary 

There	 is	 support	 for	 IgE	 sensitisation	 and	 allergic	 rhinitis	 as	 risk	 factors	 for	 OME.	 The	

mechanism	for	the	association	between	allergy	and	OME	is	disputed.	

2.3.11 Anatomy	

Several	 anatomical	 and	 physiological	 features	 are	 associated	 with	 OM,	 particularly	 small	

nasopharyngeal	measurements	for	age	and	difficulty	actively	equalizing	ME	pressure.	Various	

mechanisms	have	been	proposed	for	these	correlations.	Firstly,	 it	has	been	suggested	that	

impaired	ET	function	may	result	in	negative	pressure	in	the	ME,	leading	to	exudation	of	fluid	

into	the	ME	cleft.	However,	this	model	is	inconsistent	with	more	recent	findings	of	pathogens	

as	likely	causative	factors	in	OME.	Secondly,	a	dysfunctional	ET	may	allow	for	pathogens	to	
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ascend	more	easily	to	the	ME.	Most	recently,	it	has	been	suggested	that	a	dysfunctional	ET	

may	 impair	 aeration	 of	 the	 middle	 ear.	 Aeration	 may	 be	 protective	 against	 pathogens,	

especially	anaerobic	bacteria.	Compatible	with	the	latter	theory	is	the	effectiveness	of	TTP	in	

treating	OM,	which	might	also	be	explained	by	aeration	of	the	ME.	It	is	also	possible	that	ET	

dysfunction	is	not	a	primary	cause	of	OM,	but	rather	a	complication	of	it.306	

Several	cranial	measurements	have	been	 found	to	correlate	with	COME,	 including	shorter	

anterior	 cranial	 base	 length,	 shorter	mandible	body	 length,	 shorter	 superior	 facial	 height,	

shorter	maxilla,	and	smaller	NP.307,	308	These	findings	may	indicate	that	physical	immaturity	

directly	affects	ET	position	and	function.	Alternatively,	physical	maturity	may	only	be	a	marker	

for	an	unmeasured	risk	factor	such	as	immune	system	maturity.		

The	anatomy	and	function	of	the	ET	have	also	been	investigated	as	potential	risk	factors	for	

OME.	The	lumen	of	the	ET	has	been	found	to	increase	in	diameter	with	age.309	However,	a	

posthumous	study	of	the	anatomy	of	the	ET	has	found	no	correlation	between	lumen	size	and	

apparent	history	of	otitis	media	identified	by	examination	of	the	temporal	bones.310	

Failure	of	the	ET	to	close,	as	demonstrated	by	evacuation	of	the	ME	on	sniffing,	has	been	

found	to	be	common	in	children	with	OME.311	By	comparison,	few	healthy	children	have	ears	

that	are	evacuated	by	sniffing.312	Children	prone	to	AOM	have	been	found	to	have	poorer	

active	 muscular	 ET	 opening	 function	 than	 controls.306	 An	 inability	 to	 actively	 equilibrate	

negative	ME	pressure	later	in	life	has	also	been	found	in	subjects	who	suffered	from	COME	

as	 children	 as	 compared	 to	 controls.313	 However,	 OME	 recurrence	 was	 not	 found	 to	 be	

correlated	with	 ET	 dysfunction	 that	 included	 passive	 ventilatory	 function,	 equilibration	 of	

positive	and	negative	applied	pressure	and	negative	pressure	in	the	middle	ear	induced	by	

forceful	sniffing.314	
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Table 26. Anatomy 

Study  Design Size Age Results 

Di Francesco et al.307 Cohort 67 5-10 yrs Smaller measurements of the 

following were found to be 

associated with COME: 

anterior cranial base length 

(p=0.003) 

length of mandible body (p=0.033) 

superior facial height (p=0.029) 

length of the maxilla (p=0.003) 

inferior pharyngeal airway (p=0.043) 

Larger measurements of the 

following were found to be 

associated with COME: 

facial axis (p=0.027) 

facial depth (p=0.039) 

Maw et al.308 Case-control 100 4-7yrs Bilateral OME associated with 

smaller NP using 11 different lateral 

cephalometric radiograph 

measurements (p<0.05), of 26 

measurements used 

Sade et al.310  Cohort 41 0-2 yrs No difference found in ET lumen 

size in temporal bones identified as 

showing signs of OM compared to 

those without signs of OM (p=0.93)  

Straetemans et al.278 Cohort 136 2-7 yrs No association between OME & 

passive ventilatory function, 

equilibration of + and - pressure & - 

pressure in the ME induced by 

forceful sniffing (p>0.05) 

Falk et al.311 Cohort 100 4-13 yrs 61% of children with COME have 

negative ME pressure on sniffing  
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Bylander et al.313 Case-control 119  3-73 yrs Children with OME were more 

likely to have tubal opening failure 

than healthy control children or 

adults 

Stenstrom et al.313 Case-control 99 5-9 yrs No association between RAOM and 

middle ear pressure (p>0.05) 

Association between RAOM and 

ability of child to actively equalise 

ME pressure with ambient air 

pressure (p<0.01) 

No association between RAOM and 

ability of child to actively equalise 

ME pressure with ambient air 

pressure (p>0.05) 

Ryding, White & Kalm306 Case-control 49 16-25 yrs Adults with a childhood history of 

severely COME were less able to 

actively equalise ME pressure with 

ambient air pressure (p<0.001)  

Summary 

Anatomy	appears	to	play	a	role	in	OME	development.	Aspects	of	anatomy	that	seem	to	be	

potential	risk	factors	include	active	ventilatory	dysfunctions	of	the	ET,	smaller	cranio-facial	

diameter,	and	smaller	NP.	

2.3.12 Cranial-facial	abnormalities			

OME	is	highly	prevalent	in	children	with	cleft	palate	and	Down	syndrome,	to	the	extent	that	

children	with	these	conditions	are	typically	excluded	from	OME	risk	factor	studies.		

OM	has	been	reported	to	be	nearly	universal	in	children	with	unrepaired	cleft	palate.19	This	

may	be	the	result	of	ET	dysfunction	due	to	inadequate	attachment	of	the	tensor	and	levator	

veli	palatini	muscles	to	the	soft	palate.	It	has	also	been	noted	that	children	with	cleft	palates	



LITERATURE	REVIEW	

 106 

are	less	likely	to	be	fed	breastmilk	due	to	feeding	difficulties,	so	lessened	immune	response	

could	also	play	a	part.315		

Down	syndrome	has	been	linked	to	underdeveloped,	dysfunctional,	and	more	horizontal	ET,	

which	 may	 decrease	 protection	 from	 pathogens.	 Children	 with	 Down	 syndrome	 seem	

particularly	susceptible	to	URI,	which	is	a	risk	factor	for	OM.316			

Summary	

Consistent	and	strong	associations	with	OME	have	been	reported	in	children	with	cleft	palate	

and	Down	syndrome.	

2.3.13 Breathing	difficulties	

A	number	of	studies	have	found	breathing	problems	including	snoring,123,	162,	317,	318	mouth	

breathing,109,	123	nasal	obstruction,117,	318,	319,	and	dyspnoea118	to	be	associated	with	OME,	TTP,	

and	OM.	These	 findings	may	 reflect	associations	between	OME	and	underlying	conditions	

such	as	adenoid	hypertrophy,	allergy,	and	URI	that	can	cause	breathing	difficulties.	Souter	

and	colleagues	reported	that	nasal	symptoms	were	associated	with	OME	and	reasoned	that	

this	could	be	due	to	adenoidal	hyperplasia.299	Umapathy	and	colleagues	reported	that	nasal	

symptoms	were	 correlated	with	ear	 symptoms.320	One	 study	has	 identified	an	 increase	 in	

snoring	after	TTP,321	suggesting	the	possibility	of	reverse	causality.		

Table 27. Breathing difficulties 

Study  Design Size Age Results 

Kiris et al.294 Cohort 2320 6-11 yrs Snoring associated with OME 

univariably, (p<0.0001)  



LITERATURE	REVIEW	

 107 

Sophia et al.322 Cross-sectional 800 11 mths-7 

yrs 

Snoring associated with OME 

multivariably, OR=4.89 (CI 1.32 – 

18.17) (p=0.01)  

Martines et al.167 Case-control 2097 5-14 yrs Snoring associated with OME, 

OR=3.86 (CI 2.72–5.47) 

(p<0.0001)  

Gozal et al.318 Cohort 16,321 5-7 yrs Snoring associated with TTP in 

multivariable analysis, OR=3.34 

(CI 3.00–3.73) (p<0.0001) 

Chronic nasal obstruction (defined 

as mouth breathing and persistent 

nasal congestion or discharge) 

associated with TTP in 

multivariable analysis, OR=3.33 

(CI 3.04–3.64) (p<0.0001) 

Tong et al.117 Nested case-

control 

300 6-7 yrs Nasal obstruction associated with 

OME multivariably, OR=1.67 (CI 

1.01-2.75) (p= 0.045) 

Lok et al.319 Cohort 3681 9-11 mths Nasal congestion associated 

univariably with multiple failures 

of hearing screening at monthly 

intervals related to OM, OR=1.8 

(CI 1.2–2.8) (p<0.01) 

Umapathy et al.320 Cross-sectional 254 5-6.5 yrs Nasal symptoms of mouth 

breathing, snoring and blocked 

nose correlated with OME history 

univariably (p<0.001) 

Tauman et al.321 Case-control 457 1.7-7.6 yrs Children who had TTP had a 

prevalence of snoring of 22% 

compared with 7.6% of controls, 

(p=0.001) 

Children who had TTP were at an 

increased risk of snoring, OR=3.4, 

(CI 1.6–7.2)  
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Caylan et al.323 Cross-sectional 1077 5-12 yrs Children that snored had a 21% 

prevalence of OME compared with 

9.2% of those children who did not 

snore 

Paterson et al.162 Cohort 656 2 yrs Snoring associated with OME 

multivariably, OR=2.6 (CI 1.09-

6.23) (p=0.03) 

Blocked nose not associated with 

OME, univariably OR=2.33 (CI 

0.98-5.54) (p=0.06) 

Engel et al.109 Cohort 250 0-2 yrs Mouth breathing associated with 

OME in multivariable analysis, 

OR=1.28, (CI 1.02-1.60) (p<0.05) 

Snoring not associated with OME, 

OR=1.08 (CI 0.85–1.37) (p=0.52) 

Chantzi et al.118 Case-control 168 1-6.7 yrs Dyspnoea associated with OME in 

univariate analysis, OR=2.16 (CI 

1.02- 4.58) (p=0.04) 

Nasal obstruction marginally 

significant multivariably. OR=2.84 

(CI 0.86-8.36) (p=0.06)  

Souter et al.299 Cross-sectional 89 6-7 yrs Nasal symptoms greater in OME 

group 38.2% than in reference 

group 23.5%, OR=2.01 (CI 1.30- 

3.10) (p<0.001) adjusted for sex 

Van Cauwenberge & 

Kluyskens123 

Cross-sectional 2069 2.5-6 yrs Mouth breathing associated with 

OME (p<0.01) 

Snoring associated with OME 

(p<0.01) 
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Summary 

Breathing	difficulties	including	nasal	obstruction,	snoring,	and	mouth	breathing	appear	to	be	

risk	 factors	 in	OME.	 It	 has	 not	 been	 established	what	mechanism	may	be	 underlying	 this	

association.			

2.4 Environment	

Infection	appears	to	play	a	significant	role	in	OME.	There	is	strong	evidence	to	support	URI	

and	AOM	in	particular	as	 risk	 factors.	The	presence	of	pathogens	 is	now	recognised	as	an	

important	causative	factor	for	OME,	despite	early	objections	that	OME,	unlike	AOM,	is	not	

characterised	 by	 signs	 and	 symptoms	 of	 infection	 in	 the	ME,	 and	 that	 antibiotics	 are	 not	

usually	effective	for	OME.	Evidence	of	the	presence	of	live	bacteria	in	the	ME	has	been	found.	

These	 bacteria	 may	 be	 forming	 sessile	 biofilm	 communities	 that	 are	 more	 resistant	 to	

antibiotics	than	free-floating	planktonic	forms.324	

Several	other	environmental	risk	factors	for	OME	may	also	be	explained	via	URI.	Factors	such	

as	 day-care	 attendance,	 number	 of	 siblings,	 season,	 and	 low	 SES	may	 result	 in	 increased	

exposure	other	children	with	URI,	and	thus	increased	risk	of	infection.	Other	factors	such	as	

smoke	exposure,	lack	of	breastfeeding,	and	poor	nutrition	may	impair	the	ability	to	fight	off	

infection.	

2.4.1 Daycare	attendance	

Daycare	attendance	is	a	widely	recognised	risk	factor	for	OME.109,	118,	203	Given	that	daycare	

attendance	 is	also	an	 important	risk	factor	for	URI,18	exposure	to	URI	 in	daycare	 is	a	 likely	

explanation	for	the	apparent	association	between	daycare	and	OME.	Significant	univariable	

associations	of	OME	with	daycare	have	sometimes	no	longer	been	observed	in	multivariable	
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analyses	that	take	URI	or	AOM	into	account,	also	suggesting	that	a	causal	pathway	of	URI	

leading	to	OME	(often	via	AOM)	may	underlie	the	importance	of	daycare	as	a	risk	factor.	Some	

studies	have	not	found	daycare	to	be	a	risk	factor	for	OME.16,	32,	158	

Entry	into	daycare	at	a	younger	age,18,	105,	159	attending	a	daycare	group	with	four	or	more	

children,18,	 162	 and	 amount	 of	 time	 spent	 in	 daycare105	 have	 been	 identified	 as	 possible	

aggravating	factors	in	daycare	attendance.		

Table 28. Daycare attendance 

Study  Design Size Age Results 

Dewey et al.18 Cohort 1590 8 mth-3.5 

yrs 

Daycare with 4 or more others 

associated with OME, OR=1.36 (CI 

1.02-1.82) (p<0.05) 

Later daycare with four or more others 

associated with less OME, per month 

of age, OR=0.97 (CI 0.95-1.00) 

Daycare with four or more others 

before 9 months of age associated with 

OME, OR=1.88 (CI 1.12-3.14) 

Gultekin et al.36 Cohort 1740 5-12 yrs COME associated with daycare 

attendance univariably (p<0.0001) 

Humaid et al.158 Cohort 1488 6-12 yrs No association between attendance at 

daycare and OME (p=0.17) univariably 

Pedersen et al.115 Cohort 700 0-5 yrs Children having TTP started daycare 

earlier (Mean 320 days old) compared 

with children without TPP who started 

later (Mean 334 days old) (p=0.058)  

Owen et al.105 Cohort 698 0-2 yrs Association with early exposure to 

daycare (p<0.05) 
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Paterson et al.162 Cohort 656 2 yrs Association between OME and more 

than 20 hours a week in childcare, 

OR=5.21 (CI 1.55-4.42) (p=0.001) 

Duffy et al.159 Cohort 306 0-2 yrs 

Daycare at 3 months associated with 

OME in first 24 months, ß=1.5 (CI 

0.39-2.61) (p<0.05) 

Daycare at 12 months not associated 

with OME in first 24 months, ß=0.78 

(CI 0.11-1.66) (p>0.05) 

Engel et al.109 Cohort 250 0-2 yrs OME associated with daycare 

attendance in multivariable model. 

OR=1.59, (CI 1.14-2.23) (p<0.01) 

Woods et al.203 Cohort 166 0-2 yrs Daycare associated with 1+ episodes of 

OM in a multivariable analysis, 

OR=3.3 (CI 1.3-8.3) (p<0.05) 

van Balen et al.325 

 

Cohort 433 6 mths-6 yrs Daycare associated with persistent 

unilateral or bilateral OME in 

univariable analysis (p<0.05) 

No association with persistent 

unilateral or bilateral OME in 

multivariable analysis (p=0.12) 

Chantzi et al.118 Case-control 168  1-7yrs OME associated with daycare 

attendance in a univariable analysis 

(p=0.02)  

Marginal significance in multivariable 

analysis, OR=2.29 (CI 0.92-5.75) 

(p=0.08) 

Van Cauwenberge et 

al.16 

Cohort 2065 2-6 yrs Daycare not associated (p=0.3) 

Marchisio et al.32 Cohort 3413 5-7 yrs Daycare duration of more than 1 year 

not associated with OME (p=0.309) 

Sassen et al.28 Cohort 289 0-2 yrs No association in multivariable 

analysis (p>0.05) 
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Summary 

Most	studies	that	have	examined	daycare	and	OME	have	found	an	association.	The	number	

of	children,	number	of	hours,	and	age	of	child	when	first	attending	daycare	are	all	significant	

risk	factors.	

2.4.2 Siblings	

Presence	and	number	of	 siblings	has	been	associated	with	OME	 in	 some	 studies.	As	with	

daycare	attendance,	exposure	to	URI	 is	a	possible	mechanism	for	this	association.	As	with	

daycare,	risk	from	siblings	may	decrease	with	age.		

The	presence	of	older	siblings	appears	to	 increase	the	risk	of	OME,	109,	204	with	number	of	

siblings	having	a	linear	relationship	with	prevalence	of	OME.28	The	risk	posed	by	older	siblings	

decreases	as	the	child	ages,	with	one	study	finding	it	to	no	longer	be	a	risk	factor	by	three	

years	of	age.18	Not	all	studies	have	reported	an	association	between	presence	of	older	siblings	

and	OME32	or	TTP,115	the	presence	of	any	siblings	and	OME,118	or	the	presence	of	any	siblings	

and	persistence	of	OME.106		

Table 29. Siblings 

Study Design Size Age Results 

Dewey et al.18 Cohort 1590 8 mth-3.5 

yrs 

Older siblings associated with 

bilateral OME, OR=1.52 (CI 1.23-

1.88) (p<0.05) 

Pedersen et al.115 Cohort 700 0-5 yrs No association between older siblings 

and TTP in multivariable analysis, 

OR=1.34 (CI 0.86-2.05) (p>0.05) 

Sassen et al.28 Cohort 289 0-2 yrs In multivariable analysis number of 

siblings has linear association with 
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prevalence of OME, OR=1.56 per 

sibling (CI 1.29-1.89) (p<0.001) 

Rovers et al.204 Case-cohort 

study 

606 1 yrs Older siblings associated in with 

OME in multivariable analysis, 

OR=2.69 (CI 1.82-3.98) (p<0.05) 

Engel et al.109 Cohort 250 0-2 yrs OME associated with 2, 3 or 4 

siblings in multivariable analysis 

(p<0.05) 

Gultekin et al.36 Cohort 1740 5-12 yrs Greater than 2 siblings associated 

with COME (p<0.0001) 

Marchisio et al.32 Cohort 3413 5-7 yrs No association with older siblings 

(p=0.071) 

MRC Multi-centre 

Otitis Media Study 

Group106 

Cohort 639 
3.25-6.75 

yrs 

No association with persistence 

bilateral OME (p=0.5) 

Chantzi et al.118 Case-control 168  1-7yrs No association between siblings and 

OME (p=0.23) 

Summary 

Number	of	siblings	and	having	older	siblings	appear	to	be	risk	factors	for	OME.	This	risk	may	

decrease	as	the	child	ages.		

2.4.3 Smoke	exposure	

Numerous	studies	have	investigated	a	possible	relationship	between	OME	and	passive	smoke	

exposure,	 with	 results	 split	 evenly	 between	 findings	 of	 association	 and	 findings	 of	 no	

association.	Differences	 in	results	may	be	attributable	to	a	varying	degree	of	 infant	smoke	

exposure	 depending	 on	 country,326	 outcome	measures	 for	 OM,	 subject	 selection,	 passive	

smoking	measures,	and	the	willingness	of	subjects	to	admit	to	smoking.		
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It	has	been	suggested	that	SES	and	URI	are	confounding	variables	when	considering	smoke	

exposure,	however	one	very	large	study	of	reported	hearing	loss	that	took	into	account	the	

SES	 of	 the	 household	 in	 a	 multivariate	 analysis	 still	 found	 an	 association	 with	 parental	

smoking.327	Exposure	to	smoke	may	increase	the	risk	of	OM	by	weakening	the	child’s	immune	

defences,	causing	more	URIs	or	causing	ET	dysfunction.	Parents	who	are	smokers	may	tend	

to	 suffer	URIs	 due	 their	 own	weakened	 immune	 systems,	 and	 to	 pass	 viruses	 on	 to	 their	

children.	

Measures	of	smoke	exposure	that	have	been	found	to	be	associated	with	OM	include	whether	

there	are	any	smokers	in	the	household,34	number	of	smokers	in	the	household,105,	124	and	

number	of	cigarettes	smoked	by	people	living	with	the	child.18,	34,	105,	116	

Parental	reports	of	smoking	habits	may	not	accurately	reflect	dose	and	duration	of	passive	

smoke	exposure.328	One	alternative	is	to	measure	cotinine	levels	in	the	child’s	blood,	which	is	

an	 objective	 measure	 of	 passive	 smoke	 exposure.	 While	 one	 study	 has	 reported	 an	

association	between	OME	and	serum	levels	of	cotinine,329	another	has	found	that	while	OM	

was	associated	with	parent	reports	of	smoking,	but	not	with	serum	levels	of	cotinine.128		

Some	studies	have	found	no	association	between	reported	passive	smoke	exposure	and	OME	

prevalence	 and	 incidence,28,	 101,	 117,	 158,	 162,	 330	 AOM	 &	 OME,16,	 121,	 331	 bilateral	 OME,106	 or	

persistence	of	OME.114	One	study	has	found	no	association	between	exposure	to	smoking	and	

the	presence	of	RV	in	the	MEE,332	and	another	has	found	no	difference	in	the	frequency	of	

parental	smoking	between	children	with	COME	and	those	with	RAOM.333		
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Table 30. Smoke exposure 

Study  Design Size Age Results 

Bennett & Haggard327 Cohort 12000 5 yrs Number of cigarettes smoked by 

mother associated with parentally-

reported hearing loss, OR=1.31 (CI 

1.14-1.51) (p<0.001)  

Number of cigarettes smoked by 

mother associated with parentally-

reported discharge, OR=1.28 (CI 1.13-

1.45) (p<0.001) 

Paradise et al.124 Cohort 2253 2 mth – 

2 yrs 

MEE associated with number of 

household smokers in first two years 

using univariable analysis (p<0.001) 

MEE associated with number of 

household smokers in first year of life 

using multivariable analysis, but not in 

the second year (p<0.05) 

Gultekin et al.36 Cohort 1740 5-12 

yrs 

COME associated with both parents 

smoking univariably (p<0.01) 

Dewey et al.18 Cohort 1290 8 mth-

3.5 yrs 

Maternal smoking of 10-19 cigarettes 

per day associated with an increased 

risk of OME, OR=1.58 (CI 1.09-2.29) 

(p<0.05) 

Ey et al.177 Cohort 1013 0-1 yrs Maternal smoking of >20 cigarettes 

per day associated with recurrent OM, 

OR=1.78 (CI 1.01-3.11) (p<0.05) 

Black et al.116 Case-control 350 4-9 yrs Parental smoking associated with 

OME, RR=1.52 (CI 1.06-2.21) 

(p<0.05) in a matched comparison 

with home controls  

Owen et al.105 Cohort 698 0-2 yrs Association between packs of 

cigarettes smoked per day and duration 
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of MEE in the second year of life 

(p<0.05) 

No association between packs of 

cigarettes smoked per day and duration 

of MEE in the first year of life 

(p>0.05) 

Daly et al.128 Cohort 596 0-6 

mths 

More than one smoking parent 

associated with ROM, RR=1.3 (CI 1.0-

1.8) (p=0.05) Urine cotinine levels not 

associated with RAOM  

Etzel et al.329 Cohort 132 0-3 yrs OME incidence associated with 

cotinine, incidence density ratio= 1.38, 

(CI 1.21-1.56) (p<0.05) 

Higher duration of effusion associated 

with cotinine (p<0.0001) 

Sophia et al.322 Cross-sectional 800 11 

mths-7 

yrs 

Passive smoking associated with OME 

multivariably, OR=3.29 (CI 1.05 – 

10.33) (p=0.04)  

Apostolopoulos et al.34 Cross-sectional 5121 6-12 

yrs 

Children exposed to any parental 

smoking were 59% more likely to 

develop OME (p=0.0009)  

Chance of OME increased for every 

ten cigarettes smoked per day, OR= 

1.09 (CI 1.01-1.18) (p=0.03) 

Van Cauwenberge 16 Cohort 2065 2-6 yrs Parental smoking not association with 

OME (p>0.05) 

Humaid et al.158 Cohort 1439 2-4 yrs No association with number of 

cigarettes smoked in household 

(p>0.2) 

Zielhuis et al.101 Cohort 1439 2-4 yrs No association with number of 

cigarettes smoked in household 

(p>0.2) 

Paterson et al.162 Cohort 656 2 yrs Smoking in household not associated 

in Pacific children (p>0.20) 
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MRC Multi-centre Otitis 

Media Study Group106 

Cohort 639 3.25-

6.75 yrs 

Maternal smoking not associated with 

bilateral OME persistence (p=0.65)  

Duffy et al.159 Cohort 306 0-2 yrs Maternal smoking not associated with 

OME in first 24 months in 

multivariable analysis (p>0.05) 

Sassen et al.28 Cohort 289 0-2 yrs Smoking not association with OME in 

a multivariable analysis (p>0.05) 

Xenellis et al.114 Cohort 250 6-12 

yrs 

Parental smoking not associated with 

OME persistence (p=0.68)  

Saim et al.121 Cross-sectional 1097 5-6 yrs Passive smoking not associated with 

OME (p=0.50) 

Chantzi et al.332 Cross-sectional 37 2-7 yrs No association between exposure to 

smoking and presence of RV in MEE 

in children with OME (p=0.71) 

Marchisio et al.32 Case-control 3413 5-7 yrs Passive smoking not associated with 

OME in a multivariable model 

Tong et al.117 Case-control 300 6-7 yrs Passive smoking not associated with 

OME (p=0.69) 

Rowe-Jones & 

Brockbank et al.330 

Case-control 163 2-12 

yrs 

No association between parental 

smoking and persistent OME requiring 

TTP (p>0.5) 

Hammaren-Malmi et 

al.333 

Case-control 214 1-4 yrs No association between COME and 

RAOM (p<0.05) 

Hinton & Buckley331 Case-control 70 1-11 

yrs 

Parental smoking not associated with 

unspecified OM (p<0.25) 

Summary 

About	half	of	the	relevant	studies	have	described	an	association	between	OME	and	tobacco	

smoke	exposure.	Smoking	appears	likely	to	be	a	risk	factor,	however	it	may	prove	difficult	to	
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confirm	this	association	through	parental	reporting	due	to	the	stigma	now	associated	with	

smoking.	

2.4.4 Vitamin	D	

Vitamin	D	deficiency	is	best	known	as	the	cause	of	rickets	in	children.	While	knowledge	of	the	

importance	of	sunlight	for	health	dates	to	Hippocrates,	it	wasn’t	until	the	1920s	that	it	was	

discovered	that	UV	exposure	is	required	for	the	body	to	produce	vitamin	D.	Vitamin	D	is	now	

thought	to	also	have	a	significant	role	in	the	immune	system,334-336	especially	in	the	expression	

of	the	AMP	cathelicidin.99,	337	Cathelicidin	appears	to	be	effective	against	otopathogens	in	an	

animal	model338	while	producing	a	less	inflammatory	immune	response.91		

Serum	25(OH)D	concentration	 is	usually	 lowest	 in	winter,	when	OME	 is	most	prevalent.	A	

deficiency	in	vitamin	D	has	been	reported	to	play	a	role	in	the	pathogenesis	of	URI,339,	340	and	

it	is	plausible	that	low	serum	25(OH)D	concentration	also	puts	some	children	at	risk	of	COME,	

by	 impairing	 immune	 defence	 against	 viruses	 and	 bacteria	 and	 resulting	 in	 a	 more	

inflammatory	immune	response.		

Linday	 and	 colleagues	 examined	 children	who	were	 having	 TTP	 and	 reported	 half	 of	 the	

children	had	serum	25(OH)D	concentrations	less	than	20ng/mL,	which	is	considered	deficient,	

and	another	31%	had	less	than	30ng/mL,	which	is	considered	an	insufficient	level,	however	

no	comparison	group	was	studied.341	Serum	25(OH)D	concentration	has	been	reported	to	be	

lower	in	children	with	RAOM,102	and	supplementation	appeared	to	decrease	the	number	of	

episodes	of	RAOM.103	Low	serum	25(OH)D	concentration	has	also	been	reported	to	negatively	

correlate	with	 duration	 of	 otorrhea	 during	 SOM,	 however	 this	 association	was	 no	 longer	

statistically	significant	when	controlling	for	age.342		
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Table 31. Vitamin D 

Study  Design Size Age Results 

Marchiso et al.103 RCT 116 1-5 yrs Vitamin D supplementation reduced 

the risk of RAOM (p=0.03) 

Cayir et al.343 Case-control 169 1-13 yrs Serum 25(OH)D level in the children 

with RAOM were 20.6±10.2ng/mL 

and in the controls 23.8±10.3 ng/mL 

(p<0.05) 

Linday et al.341 Cohort 16 1-8 yrs In children having TTP 50% had 

25(OH)D level < 20ng/mL, a level 

considered deficient 

Elemraid et al.342 Case-control 149 6mth-15 yrs Yemeni children with CSOM not 

associated with lower 25(OH)D after 

adjusted for albumin (p<0.05) 

In CSOM, duration of discharge 

negatively correlated with 25(OH)D 

(p<0.05). No longer significant when 

adjusting for age 

Hosseini et al.344 Case-control 120 3-10 yrs Mean level of 25(OH)D in children 

with OME 26.1ng/ml and in the 

controls 29.5ng/ml (p=0.27) 

Summary 

There	is	some	indication	that	vitamin	D	may	be	a	risk	factor	for	OM.	However,	this	is	a	new	

area	of	research	and	very	few	studies	have	been	conducted	regarding	vitamin	D	and	OME.		

2.4.5 Other	micronutrients	

The	 most	 probable	 mechanism	 by	 which	 micronutrients	 may	 be	 involved	 in	 OM	 is	 the	

requirement	 for	 suitable	 nutrition	 for	 the	 effective	 operation	 of	 the	 immune	 system.	



LITERATURE	REVIEW	

 120 

Micronutrients	modulate	the	 immune	system	though	their	effect	on	mucosal	membranes,	

cytokines	production,	AMPs	and	antibody	production.345-348	

The	 role	 of	 some	micronutrients	 in	 OM	 has	 been	 considered,	 particularly	 vitamin	 A	 and	

vitamin	D.349	These	vitamins	as	well	as	minerals	such	as	zinc	and	iron	may	play	a	part	in	the	

pathogenesis	of	OME	via	their	role	in	the	immune	response.		

Micronutrient	 deficiencies	 are	often	 interconnected,	 as	micronutrients	 sometimes	 rely	 on	

each	other	to	function	normally	or	inhibit	each	other	from	being	absorbed	into	the	body.	A	

generally	poor	diet	may	lead	to	deficiency	in	multiple	nutrients,	and	deficiency	in	a	specific	

nutrient	may	increase	the	risk	of	other	deficiencies	due	to	co-dependence.	For	example,	zinc	

is	required	for	the	release	of	vitamin	A	from	the	liver.	Calcium,	selenium,	and	iron	inhibit	the	

absorption	of	zinc	 in	the	small	 intestine.350	Zinc	 in	water	depresses	the	absorption	of	 iron.	

Absorption	of	non-haem	iron	is	enhanced	by	vitamin	C,	but	inhibited	by	phylates,	calcium,	

and	polyphenols.351	Therefore,	it	is	important	to	consider	the	effects	of	other	micronutrients.	

Cannell	and	colleagues	have	suggested	that	vitamin	D	may	compete	with	vitamin	A,	however	

vitamin	D	is	of	more	concern	than	vitamin	A	deficiency	because	of	its	infection-prevention	

role	and	higher	prevalence.99	

Iron	deficiency	(ID)	has	been	defined	as	abnormal	values	for	two	out	of	three	measures	that	

include	storage	iron,	transport	iron,	and	iron	in	the	erythrocyte	pool.	For	three	and	four	year	

old	children	this	includes	serum	ferritin	level	of	less	than	10	ng/mL,	a	serum	iron	saturation	

less	than	12%,	a	haemoglobin	 level	 less	than	112	g/L	and	a	mean	cell	volume	of	 less	than	

75fL.352	The	prevalence	of	ID	in	3-5	year	olds	has	been	estimated	at	5%.353	Prior	to	six	months	

of	age	the	requirement	for	iron	is	achieved	through	breastmilk	in	the	form	of	lactoferrin.351	
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At-risk	groups	for	iron	deficiency	include	toddlers,	preterm	babies,	babies	SGA	and	children	

from	families	of	lower	SES.351,	353	

ID	can	cause	problems	with	growth,	development	and	immunity.353	 Iron	is	associated	with	

cytokine	production	and	 is	 required	 for	bacteria-killing	myeloperoxidase	activity.334	 ID	has	

been	 associated	 with	 decreased	 bactericidal	 activity	 against	 Staphylococcus	 aureus	 in	 an	

animal	model,	although	not	against	Streptococcus	pneumoniae.	This	pathogen-specific	deficit	

appears	 to	 result	 from	 a	 dysfunction	 of	 polymorphonuclear	 neutrophil	 oxidant	 radical	

generation	 during	 ID.354	 Blood	 iron	 levels	 have	 been	 found	 to	 correlate	 with	 duration	 of	

otorrhea,	although	this	relationship	was	no	longer	found	when	adjusting	for	age.342	Because	

bacteria	also	make	use	of	iron,	it	is	often	sequestered	during	infections.	Iron	in	large	doses	

can	be	detrimental,	and	it	is	therefore	closely	regulated	within	the	body.	

Vitamin	 A	 deficiency	 has	 been	 defined	 as	 a	 serum	 retinol	 value	 less	 than	 0.70µmol/L	 in	

preschool	children.	The	prevalence	of	vitamin	A	deficiency	worldwide	has	been	estimated	at	

33%	of	preschool	children,	with	NZ	prevalence	data	not	available.355		

Vitamin	 A	 supports	 the	 structure	 of	 the	 epithelium	 in	 the	 respiratory	 tract,	 including	 the	

epithelial	 lining	of	 the	ME,	 and	 a	 deficiency	may	 increase	 the	 risk	 of	URI	 and	 chronic	 ear	

infections.356	A	study	comparing	24	children	awaiting	TTP	for	OME	to	23	controls	found	there	

to	be	a	difference	in	both	oxidant	and	antioxidant	levels	between	the	two	groups.	Levels	of	

the	antioxidants	vitamin	A	and	vitamin	C	were	found	to	be	higher	in	the	controls,	whereas	

oxidant	levels	were	found	to	be	higher	in	the	cases.	This	suggests	that	the	OM	cases	may	have	

been	deficient	in	these	antioxidants	and	have	excess	levels	of	the	oxidants.357	In	suppurative	

OM,	serum	vitamin	A	concentration	was	lowest	in	subjects	in	whom	otorrhoea	persisted	over	

three	months	compared	to	subjects	whose	otorrhoea	resolved,	who	in	turn	had	lower	levels	
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than	the	controls.358	This	finding	supports	a	possible	association	between	vitamin	A	deficiency	

and	OM.	 	 On	 the	 other	 hand	 no	 correlation	was	 found	 in	Micronesian	 children	 between	

clinical	diagnosis	of	unspecified	OM	and	serum	vitamin	A	concentration.359	

Micronutrient	status	can	be	affected	by	infection	and	inflammation.360	In	the	case	of	vitamin	

A	and	zinc,	their	plasma	concentrations	decrease	with	infection,	increasing	likelihood	of	test	

results	indicating	deficiency.	Iron	plasma	levels	tend	to	be	elevated	during	infection,	which	

may	 lead	 to	underestimation	of	 the	prevalence	of	deficiency.	This	 inflammatory	 state	has	

been	termed	the	“acute	phase	response”.	The	strength	of	this	response	can	be	measured	by	

raised	levels	of	certain	proteins	in	the	body	such	as	C-reactive	protein	(CRP),	antiglycoproteins	

(AGP),	and	acid	chymotrypsin	(ACT)	at	various	stages	of	infection.	The	levels	of	these	proteins	

can	be	used	in	a	formula	to	account	for	the	inflammatory	state	and	give	a	truer	indication	of	

the	 deficiency.	 This	may	 need	 to	 be	 taken	 into	 account	when	working	with	 ill	 children361	

including	children	with	OME	having	their	micronutrient	status	assessed.		

Table 32. Other micronutrients 

Study  Design Size Age Results 

Elemraid et al.342 Case-control 149 6mth-15 yrs Yemeni children with CSOM had 

lower selenium, and calcium 

adjusted for albumin (p<0.05) 

In cases, duration of discharge 

negatively correlated iron and 

calcium adjusted for albumin, 

phosphate and copper (p<0.05). No 

longer significant when adjusting for 

age 

Lasisi et al.362 Case-control 186 0-18mths Cord blood levels of retinol were 

lower in children who developed 
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SOM (0.95 μ g/L vs. 1.08 μ g/, 

p<0.01), IFN-γ (45.3 pg/ml vs. l70.2 

pg/ml, p<0.01) 

Yilmaz et al.357 RCT 47 2 -14 yrs Serum levels of retinol, β-carotene, 

α-tocopherol, lycopene, ascorbic 

acid, superoxide dismutase, 

glutathione peroxidase, and 

glutathione before and after TTP 

were different when compared with 

controls (p<0.05) 

Pre and Post levels were also 

different in the cases 

Lasisi et al.358 Case-control 410 0.5-9 yrs Vitamin A levels lower in children 

whose otorrhea lasted > 3 months 

compared with controls (p=0.00) 

Durand et al.359 Cohort 200 2 – 5 yrs No correlation between OM and 

retinol levels (p=0.67) 

Summary 

Some	studies	have	found	that	vitamin	A	may	be	a	risk	factor	for	OME.	More	generally,	there	

is	 strong	 support	 in	 the	 literature	 for	 correlations	 between	micronutrient	 status	 and	 the	

health	of	the	child.		

2.4.6 Season	

OME	follows	a	seasonal	pattern,	being	most	common	in	winter	and	least	common	in	summer	

with	prevalence	following	a	sine	curve	across	the	year.	This	association	is	usually	attributed	

to	 increased	exposure	to	URI	 in	winter.	 It	has	also	been	suggested	that	 there	may	be	 less	

exposure	to	infection	from	day-care	during	summer	holidays.28,	33,	101,	109,	136,	141,	173,	363	

Duration	of	OME	episodes	may	also	relate	to	season.	Zielhuis	et	al.	found	that	OME	episodes	

beginning	in	the	winter	lasted	longer	than	OME	episodes	in	summer.	This	was	true	even	when	
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correcting	for	URI,	suggesting	that	seasonal	factors	other	than	infection	may	be	involved.101	

Similarly,	a	UK	study	found	that	months	outside	of	April	to	June	showed	an	increased	risk	of	

persistence	of	OME.106		

Season	may	 interact	with	 SES.	 Castagno	&	 Lavinsky	 conducted	 a	 prospective	 longitudinal	

study	on	Brazilian	children	from	March	to	November.	Children	with	low	SES	were	found	to	

have	higher	prevalence	of	OME	in	winter	than	in	autumn	or	spring,	and	the	effect	of	winter	

was	 worse	 for	 lower	 SES	 children.	 	 In	 children	 from	 families	 with	 high	 SES	 no	 seasonal	

difference	 was	 found.17	 This	 interaction	 of	 low	 SES	 and	 season	 may	 reflect	 deprivation	

lowering	a	child’s	resistance	to	infections	that	are	more	common	in	colder	months.			

Increased	 exposure	 to	 sunlight	 may	 also	 have	 positive	 effects	 on	 immune	 response	 by	

increasing	vitamin	D	levels.	Sprem	&	Branica	reported	an	association	between	the	number	of	

children	hospitalised	for	OME	and	fewer	sunny	hours	in	the	preceding	month,	lower	mean	

monthly	 temperature,	 and	higher	 relative	 air	 humidity.364	Gordon	and	 colleagues	 found	a	

positive	correlation	between	monthly	temperature	and	OME	resolution	rate.365	

Table 33. Season 

Study  Design Size Age Results 

Zielhuis et al.101 Cohort 1439 2-4 yrs Spring associated with OME 

compared with summer, OR=2.35 

(p=0.012) 

Autumn associated with OME 

compared with summer, OR=2.59 

(p=0.004)  
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Winter associated with OME 

compared with summer, OR=3.93 

(p<0.001) 

On adjustment for URI only winter 

compared with summer was 

significant (p=0.002) 

Midgely et al.173 Cohort 1400 8-61 mths Type B tympanogram higher in 

winter (p<0.02) 

Biles et al.141 Cohort 1018 0-8 yrs Jan-Feb associated with recurrent 

OM (no inferential statistics 

reported) 

MRC Multi-centre Otitis 

Media Study Group106 

Cohort 639 3.25-6.75 

yrs 

Jan-March associated with OME 

compared to April to June, OR=1.8 

(CI 1.1-2.7) (p<0.001) 

July-Dec associated with OME 

compared to April to June, OR=2.4 

(CI 1.3-4.2) (p<0.001) 

Oct-Dec associated with OME 

compared to April to June, OR=4.6 

(CI 2.6-8.1) (p<0.001) 

Sprem & Branica364 Cohort 297 1-10 yrs OME hospitalisations associated 

with sunny hours in preceding month 

(r=-0.204) (p<0.05), temperature 

(r=-0.147) (p value not given), and 

humidity (r = + 0.151) (p value not 

given) 

Sassen et al.28 Cohort 289 0-2 yrs Decreased prevalence in July to 

November (p<0.05) 

Engel et al.109 Cohort 250 0-2 yrs Prevalence follows sine curve with 

maximum seen in winter and 

minimum seen in summer (p=0.01) 

Castagno & Lavinsky17 Case-control 156 3-4 yrs Children with low SES had a higher 

prevalence of OME in Winter (81%) 
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than in Autumn (38.1%) or Spring 

(49.3%) (p<0.001) 

Based on type B tympanograms 

OME in low SES group compared to 

high SES group was: 

Fall, RR=1.25 (CI 0.92-1.7) (p>0.05) 

Winter, RR=2.73 (CI 2.12-3.53) 

(p<0.001) 

Spring, RR = 1.59 (CI 1.2-2.10) 

(p<0.05) 

Gordon et al.365  Cohort 127 1-10 yrs OME persistence associated with 

Autumn more than Summer 

(p=0.004).  

OME persistence associated with 

colder monthly temperature 

(p=0.0147) 

Summary 

Season	is	associated	with	OME,	with	the	highest	risk	during	winter.	

2.4.7 Socio-economic	status	(SES)	

A	 low	 SES	 has	 occasionally	 been	 found	 to	 correlate	 with	 OME.	 This	 may	 reflect	 higher	

exposure	to	illness,	lower	resistance	to	disease,	and	poorer	access	to	healthcare.	However,	

many	studies	have	found	no	association.		

Castagno	 &	 Lavinsky	 found	 that	 Brazilian	 children	 from	 low-income	 families	 had	 higher	

prevalence	 of	 OME,	 especially	 in	 winter.17	 Paradise	 and	 colleagues	 found	 an	 association	

between	low	SES	and	time	spent	with	MEE	in	the	first	year	of	life,	but	not	the	second.124	

Studies	 in	 NZ,	 Denmark,	 and	 Italy	 found	 no	 association	 between	 household	 income	 or	

economic	status	and	COME,167	OME,162	or	TTP.115	A	UK	study	found	that	low	SES	defined	as	
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manual	 versus	 non-manual	 labour	 of	 the	 head	 of	 the	 household	 had	 no	 association	with	

persistence	of	bilateral	OME.106	One	US	study	actually	found	higher	SES	to	be	a	risk	factor	for	

OME105	and	this	finding	was	later	supported	by	a	Malaysian	study.121	

Parental	education	level	is	commonly	used	as	a	metric	for	SES.	However,	while	some	studies	

have	found	lower	maternal	or	paternal	education	to	be	associated	with	OME,34,	36,	124,	158,	167	

several	have	not.109,	114,	118	

Table 34. Socio-economic status 

Study  Design Size Age Results 

Paradise et al.124 Cohort 2253 0-2 yrs Association between low SES and 

days with MEE in first year of life 

(p<0.05) 

No association between low SES 

and days with MEE in second year 

of life (p=0.12) 

Owen et al.105 Cohort 698 0-2 yrs High SES associated with OME 

between 12-18 months of age 

(p=0.05) 

Saim et al.121 Cross-

sectional 

1097 5-6 yrs High SES associated with OME 

(p<0.001) 

Apostolopoulos et al.34 Cross-

sectional 

5121 School age Low maternal education was 

associated with OME (p=0.011) 

High maternal education associated 

with reduced risk of OME, 

OR=0.65 (CI 0.50-0.86) (p=0.002) 

Humaid et al.158 Cohort 1488 6-12 yrs Low maternal education associated 

with OME, OR=2.04 (CI 1.60-

3.88)  
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Martines et al.167 Case-control 2097 5-14 yrs No maternal education associated 

with OME univariably (p=0.01)  

Economic status not associated 

with OME 

Castagno & Lavinsky17 Case-control 156 3-4 yrs Low SES associated with OME 

(type B tympanogram (p≤0.001) 

Low SES associated with OME in 

Winter, RR=2.73 (CI 2.12-3.53) 

Gultekin et al.36 Cohort 1740 5-12 yrs No association between income and 

COME (p>0.0001) 

Poor education associated with 

COME 

Pedersen et al.115 Cohort 700 0-5 yrs No association between household 

income and TTP (p=0.73) 

Paterson et al.162 Cohort 656 2 yrs No association between household 

income and OME (p=0.95) 

MRC Multi-centre Otitis 

Media Study Group106 

Cohort 639 3.25-6.75 

yrs 

No association with manual vs non-

manual labour in persistence of 

bilateral OME (p=0.8)  

Engel et al.109 Cohort 250 0-2 yrs No association with paternal 

education in multivariable analysis 

(p=0.2) 

No association with maternal 

education in multivariable analysis 

(p=0.44)  

Xenellis et al.114 Cohort 250 6-12 yrs No association with paternal 

education, which was highly 

correlated with maternal education: 

Basic, OR=1 (p=0.31)  

High School, OR=1.4 (CI 0.49-

4.04)  

University, OR=1.39 (CI 0.48-

4.04) 



LITERATURE	REVIEW	

 129 

Tong et al.117 Nested case-

control 

127 5-7 yrs No association with monthly family 

income in Hong Kong dollars: 

≤ 10000, OR=1 (p=0.47) 

10001-25000, OR=1.11 (CI 0.63-

1.95), 

 >25000, OR=0.74 (CI 0.34-1.58) 

Chantzi et al.118 Case-control 168 1-7 yrs No association with paternal 

education and OME (p=0.15)  

No association with maternal 

education and OME (p=0.88) 

Summary 

SES	 is	 only	weakly	 supported	 as	 a	 risk	 factor	 for	 OME,	 although	 the	 largest	 studies	 have	

reported	a	correlation.	

2.4.8 Overcrowding	

Overcrowding	has	been	linked	to	poor	health	and	low	SES.	In	relation	to	OME,	results	have	

been	mixed.	 Studies	 have	 used	 different	measures	 of	 crowding	 from	 indexes	 such	 as	 the	

Equivalised	 crowding	 index	 (EQI),	 Canadian	 National	 Occupancy	 Standards	 (CNOS),	 the	

American	Crowding	index,	Occupancy	Rating	Standards,	the	British	Bedroom	Standards,	and	

the	people	per	floor	area	index	that	is	used	by	the	WHO.	Other	studies	have	used	household	

size	alone.		

In	NZ	 there	 have	been	 associations	 found	between	 crowding	 and	meningococcal	 disease,	

rheumatic	 fever,	 and	 other	 infectious	 diseases.366	 It	 has	 been	 suggested	 that	 NZ’s	

multicultural	 population	 may	 not	 fit	 into	 one	 index	 especially	 cultures	 that	 have	 bigger	

households	 such	 as	 Pacific	 communities	 and	ethnic	 groups	 that	 do	not	 use	bedrooms	 for	

sleeping.	OM	has	not	been	found	to	correlate	with	crowding	in	NZ.	
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A	large	cohort	in	Saudi	Arabia	reported	that	a	family	size	of	greater	than	four	was	associated	

with	COME158	and	a	US	study	reported	family	size	greater	than	three	to	be	associated	with	

OME.101	 An	 Italian	 study	 found	 no	 association	 between	 family	 size	 and	 COME,167	 and	 a	

Malaysian	study	reported	no	associated	between	family	size	and	OME.121		

Table 35. Overcrowding 

Study  Design Size Age Results 

Humaid et al.158 Cohort 1488 6-12 yrs Family size of greater than 4 

associated with OME, OR=4.19 (CI 

2.03-8.64) 

Zielhuis et al.101 Case-control 1439 2 yrs Family size > 3 associated with 

OME after adjustment for URI 

(p=0.002) 

Martines et al.167 Case-control 2097 5-14 yrs Family size not associated with 

COME (p=0.58) 

Saim et al.121 Cross-

sectional 

1097 5-6 yrs Family size >5 not associated with 

OME (p=0.58) 

Summary 

Crowding does not appear to play a significant role in OME. 

2.5 Microbes	

While	AOM	has	always	been	thought	to	result	from	infection	of	the	ME,	for	many	years	it	was	

considered	that	the	ME	was	sterile	in	OME.	However,	since	the	1970s	evidence	has	mounted	

that	OME	involves	the	presence	of	bacteria	in	the	ME,	correlating	with	pathogens	found	in	

nasal,	nasopharyngeal,	and	adenoidal	regions.	These	pathogens	may	exist	in	a	biofilm	state	

that	has	enhanced	resistance	to	antibiotics,	making	them	difficult	to	culture.	This	shift	to	an	
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explanation	of	OME	that	involves	microbial	infection	is	consistent	with	observations	that	OME	

is	more	common	following	URI.		

The	common	pathogens	involved	in	OME	are	now	agreed	on,	however	the	exact	nature	of	

the	complex	milieu	of	bacterial,	viral,	and	immune	interaction	in	the	upper	respiratory	tract	

that	 leads	 to	OME	 is	 still	 being	explored.	 The	debate	 continues	over	whether	 vaccination	

against	these	otopathogens	will	result	in	reduced	prevalence	of	OM	or	whether	it	may	upset	

the	balance	of	commensal	microflora,	clearing	the	way	for	new	otopathogens	and	potentially	

more	severe	disease	states.	

2.5.1 Upper	respiratory	infection	

URIs	such	as	the	common	cold	and	influenza	are	associated	with	OME.	This	relationship	may	

explain	why	winter	and	exposure	to	other	children	are	also	risk	factors	for	OME,	as	these	are	

conditions	 in	 which	 exposure	 to	 infection	 is	 increased.	 Several	 studies	 have	 found	 an	

association	between	parent-reported	history	of	URI	and	prevalence	of	OME,36,	109,	162,	167,	204,	

325	although	some	have	not.28,	106,	117	Studies	of	URI	usually	rely	solely	on	reported	symptoms,	

but	do	sometimes	use	the	more	objective	measure	of	detecting	microbes	that	cause	URIs	

such	as	RV,	respiratory	syncytial	virus,	and	influenza	virus.	

Two	 studies	 have	 reported	 a	 temporal	 connection	 between	 URI	 and	 MEE.	 Sanyal	 and	

colleagues	found	abnormal	tympanograms	in	74.7%	of	children	during	URI,	as	compared	to	

12.7%	of	children	without	URI.	Most	abnormal	tympanograms	were	found	 in	the	first	 two	

days	of	URI.367	Similarly,	Revai	and	colleagues	reported	that	children	with	URIs	were	found	to	

have	a	type	B	tympanogram	in	the	following	week	in	44%	of	cases.	It	was	noted	that	after	URI	

younger	children	were	more	likely	to	have	a	type	B	tympanogram	suggestive	of	MEE,	whereas	

older	children	were	more	inclined	to	have	a	type	C	tympanogram	indicating	a	reduction	in	
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middle	ear	pressure.368		

Table 36. Upper respiratory infection 

Study  Design Size Age Results 

Martines et al.167 Case-control 2097 5-14 yrs Recurrent URI associated with OME 

univariably (p<0.0001)  

Gultekin et al.36 Cohort 1740 5-12 yrs URI frequency in last 12 mths 

associated with COME (p<0.0001) 

Paterson et al.162 Cohort 656 2 yrs 5 or more colds in a year associated 

with OME, OR=1.91 (CI 1.22-3.0) 

(p=0.005)  

Van Balen et al.325 Cohort 433 6mth-

6yrs 

Bilateral OME associated with URI 

at follow up, aOR=2.81 (CI 1.61-

4.90) (p<0.001) 

Engel et al.109  Cohort 250 0-2 yrs OME associated with history of colds 

in multivariable analysis, OR=1.56 

(CI 1.20-2.02) (p<0.001) 

Revai et al.368 Cohort 204 6-35 

mths 

URI more associated with type B 

tympanogram in younger children 

and type C tympanogram in older 

children (p<0.001) 

Sanyal et al.367 Cohort 28 2-5 yrs Majority of abnormal tympanograms 

found in first 2 days of URI 

(p<0.0001) 

Rovers et al.204 Case-cohort 

study 

606 1 yrs > 4 URI associated in multivariable 

analysis, OR=3.46 (CI 2.43-4.92) 

(p<0.05) 

Tong et al.117 Case-control 127 5-7 yrs Tonsillitis in last 12 months 

associated with OME multivariably, 

OR=1.68 (CI 1.00-2.80) (p=0.049) 
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URI in last 12 months not associated 

with OME in a multivariable model, 

OR=0.54 (CI 0.23-1.29) (p=0.16) 

Sassen et al.28 Cohort 289 0-2 yrs No association in multivariable 

analysis between URI and OME 

(p>0.05) 

MRC Multi-centre Otitis 

Media Study Group106 

Cohort 639 3.25-6.75 

yrs 

No association between persistent 

bilateral OME and frequency of URI 

(p=0.06) 

Summary 

URI	appears	to	be	a	major	risk	factor	for	OME.	

2.5.2 Nasal	and	nasopharyngeal	microbiota	

The	presence	of	certain	bacterial	species	in	the	nose	and	NP	appears	to	be	a	precursor	to	the	

development	of	OM.369	The	strains	of	S.	pneumoniae	in	the	NP	are	closely	genetically	related	

to	those	in	the	ME.370	The	presence	of	nasal	otopathogens	has	been	reported	to	be	a	reliable	

marker	 for	 NP	 bacterial	 colonisation,371	 indicating	 that	 otopathogens	 are	 likely	 shared	

between	the	nose	and	NP,	and	sometimes	travel	to	the	ME.		

While	otopathogenic	species	of	bacteria	 in	 the	nose	and	NP	may	 increase	 the	risk	of	OM,	

certain	commensal	bacteria	may	reduce	it.	The	number	of	episodes	of	OME	in	the	first	year	

of	life	has	been	associated	with	the	presence	of	S.	pneumoniae,	non-typeable	H.	influenzae	

and	M.	catarrhalis	in	NP	swabs.372	Some	bacteria	found	in	nasal	swabs	have	also	been	found	

to	correlate	with	a	higher	risk	of	OM,	and	some	nasal	commensal	bacteria	have	been	found	

to	 be	 associated	 with	 a	 reduced	 risk.72,	 373,	 374	 Certain	 combinations	 of	 nasal	 and	

nasopharyngeal	 bacteria	 and	 viruses	 are	 also	 associated	 with	 AOM,375,	 376	 indicating	 a	

polymicrobial	interaction.	Higher	bacterial	diversity	in	the	NP	has	also	been	associated	with	a	
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reduced	risk	of	AOM	in	one	study,377	but	also	with	an	increased	risk	in	RAOM,374	while	two	

studies	have	not	found	an	association.72,	378	It	is	not	clear	whether	a	“healthy	microbiome”	of	

the	 nose	 and	 NP	 helps	 to	 prevent	 otopathogen	 overgrowth,	 or	 overgrowth	 suppresses	

commensals	and	reduces	diversity.379		

Specific	 strains	 of	 otopathogens	 and	 commensal	 bacterial	 species	 may	 also	 increase	 or	

decrease	the	risk	of	OM.	The	presence	of	antibiotic-resistant	strains	of	bacterial	otopathogen	

has	 been	 associated	 with	 an	 increased	 risk	 of	 AOM.369	 The	 strains	 of	 commensal	 alpha-

hemolytic	streptococci	present	in	children	with	COME	and	RAOM	may	be	less	likely	to	inhibit	

the	growth	of	otopathogens.380		

Ethnic	differences	in	nasal	carriage	have	also	been	observed.	Australian	Aboriginal	children	

with	 OME	 have	 higher	 carriage	 of	 some	 otopathogens	 than	 non-Aboriginal	 children	with	

OME.381	

Table 37. Nasal and nasopharyngeal microbiota 

Study  Design Size Age Results 

Faden et al.372 Cohort 306 0-1 yrs Nasopharyngeal S. pneumoniae, non-

typeable H. influenza or M. catarrhalis 

associated with OME, r=0.2 (p<0.001) 

Pathogens in first three months of life 

associated with OME in first year, 

RR=1.66 (CI 1.17-2.37) (p<0.05) 

Wiertsema et al.376 Case-

control 

267 0-3 yrs 79% of children with RAOM were 

more likely to have at least one 

otopathogen in their NP swab in 

comparison to 53% of healthy children 

(p<0.001) 
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Carriage of NTHi associated with 

RAOM in multivariable analysis, 

OR=5.4 (CI 2.6-11.1)  

Carriage of S. pneumoniae associated 

with RAOM, OR=2.2 (CI 1.1-4.3) 

(p<0.05) 

Pettigrew et al.373 Cross-

sectional 

240 6 mth-3 yrs Otopathogen colonization in the nose 

associated with lower microbial 

diversity (p<0.05) 

High levels of Lactococcus, 

Anoxybacillus, Enterobacteriaceae, 

and Propionibacterium negatively 

associated with AOM when antibiotics 

had been used in the last 6 months, 

OR=0.46 (CI 0.25-0.85)  

Low levels of Streptococcus, 

Haemophilus, and Pasteurellaceae and 

high levels of Corynebacterium and 

Dolosigranulum negatively associated 

with AOM when antibiotics had not 

been used in the last 6 months, 

OR=0.51 (CI 0.31- 0.83)  

Lappan et al.374 Case-

control 

196 0-5 yrs Higher abundance of Gemella and 

Neisseria in NP of children with 

RAOM compared with controls 

(p<0.001). Higher abundance of 

commensals Corynebacterium 

(p<0.001) and Dolosigranulum 

(p=0.002) in the controls compared to 

children with RAOM  

Chonmaitree et al.382 Cohort 139 0-1 yrs Increased episodes of AOM associated 

with decreasing abundance of 

Micrococcus in the NP 

Increasing otopathogen colonization in 

NP during AOM and decreasing 

abundance of 
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Pseudomonas, Myroides, Yersinia, and 

Sphingomonas 

Risk of AOM after URI reduced with 

increased abundance of 

Staphylococcus and Sphingobium 

Laufer et al.72 Cross-

sectional 

108 6-78 mths Nasal flora Corynebacterium, 

Dolosigranulum (Factor A) protective 

against OM, OR=0.54 (CI 0.21-0.91) 

(p<0.05) 

Propionibacterium, Lactococcus, and 

Staphylococcus (Factor B) protective 

against OM, OR=0.44 (CI 0.20-0.56) 

(p<0.05) 

Haemophilus (Factor C) increases the 

risk of OM, OR=1.73 (CI 1.10-2.73) 

(p<0.05) 

Actinomyces, Rothia, Neisseria, and 

Veillonella (Factor D) increases the 

risk of OM, OR=2.24 (CI 1.26-3.97) 

(p<0.05) 

Shannon diversity (p=0.6) and 

evenness indices (p=0.64) not 

significantly different by OM 

Tano et al.380 Case-

control 

59 1-10 yrs In-vitro isolates of alpha-hemolytic 

streptococci from NP of children with 

COME & RAOM had less inhibitory 

effect on NTHi & S. pneumoniae than 

similar isolates from healthy children 

(p<0.001) 

No difference was found for the 

inhibitory effect of alpha-hemolytic 

streptococci on M. catarrhalis 

Smith-Vaughan et al.381 Quasi case-

control 

103 1.5-3 yrs Aboriginal children with OME have 

higher nasal load of S. pneumoniae, M. 

catarrhalis than non-aboriginal 
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children (p<0.05), but not NTHi 

(p>0.05)  

Hilty et al.377 Case-

control 

163 0-1 yrs Number of OTUs lower in children 

with AOM than controls (p<0.001) 

Shannon Diversity index lower in 

children with AOM (p=0.002) 

Commensal microflora more common 

in controls (p<0.05) 

Casey et al.369 Case-

control 

200 6-36 mths Presence of oxacillin-resistant S. 

pneumoniae in NP associated with 

AOM (p< 0.001)  

Presence of beta-lactamase producing 

NTHi associated with AOM (p=0.04) 

Summary 

NP	and	nasal	microbial	communities	appear	to	correlate	with	pathogens	in	the	ME	in	children	

with	OM,	and	to	be	associated	with	increased	or	decreased	risk	of	OM.	

2.5.3 Adenoids	

It	 has	 been	 observed	 that	 removal	 of	 the	 adenoids	 results	 in	 improved	 OM	 outcomes,	

especially	 if	 the	 adenoids	 were	 enlarged	 or	 encroaching	 on	 the	 opening	 of	 the	 ET.	 Such	

findings	could	 indicate	that	enlarged	adenoids	may	cause	blockages	of	the	ET	that	 lead	to	

OME.	Another	explanation	is	that	the	adenoids	act	as	a	bacterial	reservoir.	The	presence	of	

bacterial	colonies	on	the	adenoids	appears	to	be	associated	with	chronic	effusion	in	the	ME,	

implying	that	bacteria	may	spread	from	the	adenoid	to	the	ME	and	cause	OME.	

Larger	 adenoids	 that	 occlude	 the	 ET	 may	 be	 associated	 with	 abnormal	 tympanogram	

readings,383	 although	 a	 correlation	 between	 adenoid	 size	 and	 OME	 has	 not	 always	 been	

observed.384-387	
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Adenoidectomy	may	be	protective	against	COME,	leading	to	improved	clearance	of	effusion	

compared	with	TTP	alone	or	no	surgery,388	especially	if	the	adenoid	was	large	or	abutted	the	

ET.303,	 389	 Older	 children	 may	 have	 better	 results	 from	 adenoidectomy	 than	 younger	

children.389	The	combination	of	adenoidectomy	and	TTP	may	reduce	the	likelihood	of	being	

readmitted	or	needing	reinsertion	of	tympanostomy	tubes	in	the	following	years	compared	

with	 TTP	 alone,	 although	 the	 combined	 surgery	 may	 carry	 slightly	 increased	 risks	 of	

complication.390,	 391	 However,	 adenoidectomy	 has	 not	 always	 been	 found	 to	 improve	OM	

outcomes.392,	393	

Colonies	of	bacteria	on	 the	adenoids	may	 resemble	 those	 found	 in	 the	ME.	Children	with	

COME	 or	 ROM	 may	 have	 higher	 levels	 of	 ME	 pathogens	 on	 their	 adenoids	 than	 those	

without.394	On	the	other	hand,	the	adenoids	may	enhance	 immunity	by	protecting	against	

pneumococcal	 nasopharyngeal	 carriage.	 Nasal	 swabs	 taken	 from	 children	 after	

adenoidectomy	have	showed	an	increase	in	S.	pneumoniae	carriage,	somewhat	at	odds	with	

the	theory	that	adenoids	act	as	a	reservoir	for	bacteria	that	invade	other	areas.395	Biofilms	

are	able	to	form	on	the	adenoids	and	this	might	be	associated	with	COME.387	One	study	has	

found	 no	 association	 between	 adenoiditis	 and	 OME.392	 Another	 study	 has	 found	 no	

resemblance	between	bacteria	on	the	adenoid	and	in	ME	fluid.396	

Table 38. Adenoids 

Study  Design Size Age Results 

Kadhim et al.391 Retrospective 

cohort 

51373 0-10 yrs Adenoidectomy combined with TTP 

associated with reduced risk of 

subsequent TTP compared with TTP 
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alone, aOR=0.61 (CI 0.52-0.72) 

(p<0.001).   

Marchisio et al.32 Cohort 3413 5-7 yrs Adenoidectomy or tonsillectomy 

associated with OME in a 

multivariable model 

Gates et al.388 RCT 491 4-8 yrs Adenoidectomy and myringotomy 

associated with less MEE at follow-

up than myringotomy alone 

(p<0.0001) 

Adenoidectomy and TTP associated 

with less MEE at follow-up than 

TTP alone (p=0.01) 

Marseglia et al.171 Cross-

sectional 

287 2-15 yrs Associated with adenoiditis 

(p=0.013) in multivariable analysis 

Kindermann et al.383 Cross-

sectional 

50 2-12 yrs Association btw occlusion of ET by 

adenoids and type B & C2 

tympanograms (p<0.001). Size of 

adenoid associated with type B & 

C2 tympanogram (p=0.046) 

Nguyen et al.303 RCT 63 1.8-18yrs Adenoidectomy and TTP had a 

significant correlation with reduced 

ROM, COME or TTPs in subjects 

where the adenoid abutted the ET 

entrance as compared with TTP 

(17% vs 50% p<0.05) 

Adenoidectomy and TTP had a 

marginally significant correlation 

with reduced ROM, COME or TTP 

(p=0.096) 

Maw et al.385 RCT 155 2-9 yrs Adenoidectomy associated with 

72% resolution of effusion at 1 year 

compared with 27% with no surgery  

Maw et al.389 RCT 228 2-9 yrs Fluid resolution and audiometric 

hearing threshold improved in 
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children having adenoidectomy and 

TTP (p<0.05) 

Van Balen et al.325  Cohort 433 6mth-6yrs No adenoidectomy associated with 

persistent bilateral OME, OR=2.01 

(CI 1.05-3.85) (p=0.04) 

Coyte et al.390 Cohort 37316 0-19 yrs Adenoidectomy associated with 

reduced risk of multiple TTP 

compared with TTP alone (RR= 0.5, 

p<0.001)  

Paradise et al.386 RCT 213 1-15 yrs Adenoidectomy and TTP associated 

with 47% less time with OM in the 

1st year (15% vs 28.5% p=0.04) and 

37% less time in the 2nd year (17.8 

vs 28.4% p=0.005) 

Casselbrant et al.392 RCT 98 2-3 yrs No difference in time with effusion 

between TTP and adenoidectomy 

compared with TTP alone  

Mattila et al.393 RCT 166 1-4 yrs No difference in number of OM 

episodes between adenoidectomy 

and TTP compared with TTP alone 

(p≥0.1)  

Linder et al.394 Case-control 60 1.7-12 yrs COME or ROM associated with 

higher adenoid colonisation with 

NTHi as compared with controls 

without OM (82% vs 57% p<0.5) 

No significant finding with S. 

pneumoniae or M. catarrhalis 

Current OM was associated with 

higher adenoid colonisation with M. 

catarrhalis than COME or ROM 

(p<0.1) 

Chan et al.396 Case-control 33 1-12 years Microbiome of ME and adenoid 

dissimilar according to beta 

diversity (p=0.001) 
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Saylam et al.387 Case-control 34 4-15 yrs Higher grade biofilm formation on 

adenoids of OME children 

compared with those children 

without OME (p=0.001) 

Adenoid size not associated with 

OME (p=0.21) or biofilm formation 

on adenoids (p=0.33)  

Summary 

Adenoidectomy	may	be	protective	against	OM	in	children.	The	adenoid	may	act	as	a	bacterial	

reservoir.	

2.5.4 Middle	ear	microbiota	

For	many	years	the	ME	was	regarded	as	a	sterile	environment	during	OME,	as	compared	to	

AOM	which	has	always	been	thought	to	result	from	ME	infection.397	Many	early	studies	failed	

to	show	any	bacteria	on	cultures	from	MEE	during	OME.	It	was	also	considered	that	if	bacteria	

were	involved	in	OME,	then	antibiotic	treatment	of	OME	should	be	more	effective.	

Ngo	and	colleagues	 in	a	 systematic	 review	 that	 included	66	 studies	 (24	of	which	were	on	

OME/COME)	 from	 1970	 to	 2014,	 reported	 H.	 influenzae	 as	 the	 dominant	 otopathogen	

identified	in	MEE	by	culture	and	PCR.	Other	bacteria	detected	included	S.	pneumoniae,	M.	

catarrhalis,	S.	pyrogenes,	S.	aureus,	P.	aeruginosa,	S.	epidermidis,	C.	trachomatis,	A.	otitidis,	

K.	 pneumoniae,	 and	 E.	 coli.398	 Patterns	 of	 co-colonisation	 have	 also	 been	 found,	 with	 S.	

pneumoniae	and	M.	catarrhalis	being	a	frequently	reported	combination	of	bacteria	found	in	

the	 MEE.369	 Next	 generation	 sequencing	 of	 MEE	 microbiota	 has	 revealed	 the	 genera	

Haemophilus,	 Streptococcus,	 Moraxella,	 Staphylococcus,	 Alloiococcus,	 and	 Turicella	 to	 be	

prevalent	 in	 children	with	RAOM	and	COME.374,	 396,	 399	 The	middle	ears	of	 children	having	
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surgery	 for	 non-otitis	 related	 conditions	 have	 also	 been	 found	 to	 contain	 bacteria,	 most	

prominently	of	the	phyla	Proteobacteria,	Actinobacteria,	and	Firmicutes.400	

Viruses	have	been	found	to	work	alongside	certain	bacteria	in	a	somewhat	symbiotic	fashion.	

In-vitro	studies	have	reported	that	viruses	can	induce	host	cell	surface	antigens,	increasing	

bacterial	 binding	 sites,	which	 increases	 the	 chances	 of	 colonisation.401,	 402	 Colonisation	 of	

bacteria	in	a	niche	is	generally	considered	the	first	step	to	infection.	Children	with	OM	that	

have	adenovirus	in	their	NP	may	be	more	likely	to	carry	S.	pneumoniae	or	M.	catarrhalis	in	

their	NP	compared	with	children	who	don’t	have	adenovirus	in	their	NP.403,	404	M.	catarrhalis	

in	the	NP	has	been	found	to	correlate	with	adenovirus	in	the	ME.404	In	children	with	OM,	RV	

was	associated	with	the	presence	of	S.	pneumoniae,	H.	 influenzae,	and	M.	catarrhalis	 in	a	

multivariable	model.403	

In	 1998,	 Raynor	 and	 colleagues	 suggested	 that	 bacteria	may	 be	 present	 in	 the	ME	 cavity	

predominantly	in	the	form	of	biofilms	attached	to	mucosal	membranes.405	Bacterial	biofilms	

are	more	resistant	to	antibiotics	than	the	free-floating	planktonic	form,	which	would	explain	

how	 bacteria	 could	 be	 involved	 in	 OME	 despite	 antibiotic	 treatment	 not	 being	 effective.	

Biofilms	in	the	ME	may	also	help	to	explain	why	bacteria	have	not	always	been	detected	via	

culturing,	or	have	been	found	in	relatively	small	quantities,397,	406	as	bacteria	in	biofilm	state	

are	more	difficult	to	culture.	Biofilms	may	be	more	readily	detected	by	use	of	DNA	detection	

techniques	such	as	polymerase	chain	reaction	(PCR)	to	identify	traces	of	mRNA	indicative	of	

bacteria	in	the	ME	cavity.405		

Bacterial	biofilms	were	first	confirmed	as	being	present	in	the	ME	in	cases	of	COME	in	a	2006	

study	examining	ME	mucosa	biopsies	of	children	undergoing	TTP,407	a	finding	later	supported	

by	both	AOM	models65,	73,	408	and	animal	models	of	OM	in	chinchillas.409,	410	S.	pneumoniae,	
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non-typeable	H.	influenza	and	M.	catarrhalis	can	all	form	biofilms	in-vitro	and	in-vivo	in	animal	

ME	models,	so	the	prevention	and	disruption	of	biofilms	in	the	ME	could	present	a	valuable	

new	form	of	OME	treatment.324	

Intracellular	 bacterial	 infection	 in	 the	 ME	 may	 be	 another	 explanation	 for	 difficulty	 in	

culturing	bacteria	and	low	effectiveness	of	antibiotics	in	OME.	In	a	small	study	of	Australian	

children	 with	 persistent	 OME,	 36%	 of	 subjects	 were	 found	 to	 have	 gram-positive	 coccal	

bacteria	 in	 their	ME	epithelial	 cells,	 suggesting	a	possible	 role	 for	 intracellular	 infection	 in	

OME.	 The	 author	 hypothesised	 that	 inflammation	 and	 mucus	 production	 could	 be	 the	

mechanism	for	this	relationship.411	

Table 39. Middle ear microbiota 

Study  Design Size Age Results 

Ngo et al.398 Systematic 

review 

  MEE from COME more likely to be 

dominated by H. influenzae with a 

frequency of 11.6% compared to S. 

pneumoniae 6.5%, (p=0.001) 

Lappan et al.374 Case-control 196 0-5 yrs The ME microbiota had an 

abundance of Alloiococcus 

(p<0.001), Staphylococcus, and 

Turicella (p<0.001), 

Minami et al.400 Case-control 155 1-84 yrs Healthy ME microbiota contained 

Proteobacteria (57%), 

Actinobacteria (28%), Firmicutes 

(8%), and Bacteroidetes (4%) in 

subjects younger than 9 years. 

MEE from ears with COME 

contained Firmicutes (36%), 

Actinobacteria (31%), Pro- 



LITERATURE	REVIEW	

 144 

teobacteria (29%), and 

Bacteroidetes (2%)  

MEE from ears with COME 

contained a lower prevalence of 

Proteobacteria and a higher 

prevalence of Firmicutes  

Boers et al.399 Pilot study 30 0.8-12.8 yrs Alloiococcus and Turicella most 

prevalent  in children with either 

COME or RAOM. No difference in 

ME microbiota between children 

with OM and GERD compared with 

OM alone. 

Hall-Stoodley et al.73 Mucosal 

biopsy 

26 6mths-14 

yrs 

At least one pathogen present in all 

subject ME mucosa 

Chan et al.396 Case-control 33 1-12 yrs Alloiococcus otitidis (23%), 

Haemophilus (22%), Moraxella 

(5%), Streptococcus (5%) were 

prevalent in ME microbiota in 

children undergoing TTP 

 

Poetker et al.406 Uncontrolled 

observational 

study 

270 0-2 yrs Culture 14.2% H. influenzae 

             8.9% M. catarrhalis 

             6.5% S. aureus 

             3.6% S. pneumoniae 

Children with Prevnar vaccine 

showed less S. pneumoniae 

although not statically significant 

Reid et al.408 Mucosal 

biopsy 

Animal 

model 

Chinchilla S. pneumoniae injected into ME 

showed biofilm formation 

Ehrlich et al.410 Mucosal 

biopsy 

48 Chinchilla Animals injected with NTHi 

showed biofilm formation on the 

ME mucosa from day 1 to 21 post 

infection 
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Moriyama et al.407  Mucosal 

biopsy 

62 7-68 mths Children with AOM from NHTi 

infection were found to have 

biofilm formation in 84.3 % of 

cases  

Post et al.65 Laboratory 

study  

Animal 

model 

and 3 

children 

Chinchilla 

unspecified 

age of 

children 

NHTi infected chinchilla showed 

biofilm formation as compared with 

controls. Tubes taken from children 

showed biofilm formation 

Nistico et al.412 Mucosal 

biopsy 

35 1-10 yrs Adenoids showed H. influenzae 

biofilm formation in children with 

COME 66.7% of cases compared 

with controls (p=0.005). No 

difference in S. pneumoniae and S. 

aureus between the 2 groups 

COME cases had double the 

number of bacterial species than 

children with OSA 

Coates et al.411 Cell biopsy 11 2-8.5 yrs Gram positive coccal bacteria 

detected on mucosal lining of ME 

in children with OME 

Wiertsema et al.376 Case-control 143 0-3 yrs NTHi isolated from 13% of MEE 

by culture and 47% by PCR 

(p<0.001) 

S. pneumoniae isolated from 6% by 

culture to 6% by PCR (p=1.00) 

M. catarrhalis isolated from 6% by 

culture to 13% by PCR (p=0.013) 

S. aureus isolated from 4% 

P. aeruginosa isolated from 1%  

Wiertsema et al.404 Case-control 143 0-3 yrs Human rhinovirus (HRV) detected 

in 46.2% of MEE in children with 

AOM, Hbov, enterovirus, 

polymavirus detected in 8.4%, 
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RSV detected in 7.7%, coronavirus 

in 4.9%, adenovirus and 

parainfluenza virus in 4.2% 

human metapneumovirus in 1.4% 

influenza C in 0.7% 

Casey et al.369 Case-control 200 6-36 mths NTHi colonised 36% of the 

infrequent AOM group compared 

with 45% in the otitis prone group 

(p=0.43) 

S. pneumoniae colonised in 48% of 

the infrequent AOM group 

compared with 42% in the otitis 

prone group (p=0.56) 

M. catarrhalis colonised in 16% of 

the infrequent AOM group 

compared with 13% in the otitis 

prone group (p=0.78) 

Summary 

Bacteria in the ME are thought to be an important aspect of the pathogenesis of COME. They 

may often take the form of bacterial biofilms, which are resistant to antimicrobials and the 

host’s immune system. 

2.5.5 Acute	otitis	media	

AOM	is	usually	found	to	be	a	risk	factor	for	prevalence,28,	34,	109,	117,	158,	162	persistence,36,	114	

and	recurrence	of	OME.325	OME	appears	to	be	more	 likely	soon	after	AOM,123	so	that	 it	 is	

unclear	whether	AOM	and	OME	predispose	to	each	other	or	are	different	manifestations	of	

the	same	disease.10,	11,	13	Some	studies	have	found	mixed	results	in	regards	to	an	association	

between	AOM	and	OME.32,	204	One	UK	study	reported	that	children	with	OME	were	no	more	

likely	to	go	on	to	have	COME	if	they	had	a	history	of	AOM,106	which	could	mean	that	AOM	is	

more	of	a	risk	factor	for	initial	OME	episodes	than	for	chronicity.	
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Table 40. Acute otitis media 

Study  Design Size Age Results 

Humaid et al.158 Cohort 1488 6-12 yrs RAOM associated with OME, 

OR=4.91 (CI 2.68-9.02) in 

multivariable model  

Gultekin et al.36 Cohort 1740 5-12 yrs AOM frequency associated with 

COME (p<0.0001) 

Paterson et al.162 Cohort 656 2 yrs AOM in last year associated with 

OME, OR=1.74 (CI 1.13-2.67) 

(p=0.01)  

Van Balen 

 et al.325 

Cohort 433 6 mth-6 yrs Bilateral OME associated with AOM 

at follow-up, OR=5.35 (CI 1.10-

26.05) (p<0.04) 

Van Cauwenberge & 

Kluyskens123 

Cross-

sectional 

2069 2.5-6 yrs Annual number of AOM episodes 

associated with MEE (p<0.001) 

Shorter time since last AOM episode 

associated with MEE (p<0.001) 

Sassen et al.28 Cohort 289 0-2 yrs AOM associated with OME in 

multivariable analysis, OR=1.56     

(CI 1.18-2.06) (p=0.002) 

Previous AOM correlated with 

OME, OR=1.69 (CI 1.22-2.35) 

(p=0.002) 

Engel et al.109 Cohort 250 0-2 yrs OME associated with history of 

AOM in multivariable analysis, 

OR=1.81 (CI 1.28 - 2.55) (p<0.001) 

Xenellis et al.114 Cohort 250 6-12 yrs AOM associated with persistence of 

OME in multivariable analysis, 

OR=3.18 (CI 1.27-7.95) (p=0.001) 
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Tong et al.117 Nested case-

control 

127 5-7 yrs AOM associated with MEE in a 

multivariable model, OR=5.75 (CI 

2.6-12.69) (p<0.001) 

Apostolopoulos et al.34 Cross-

sectional 

5121 6-12 yrs AOM associated with OME, 

OR=0.32 (CI 0.24-0.42) (p=0.0001) 

Martines et al.167 Case-control 2097 5-14 yrs History of AOM associated with 

OME univariably, (p<0.0001)  

Rovers et al.204 Case-cohort 

study 

606 1 yrs AOM associated in univariable 

analysis, OR=1.37 (CI 0.96-1.96) but 

not in multivariable analysis 

(p>0.05) 

Marchisio et al.32 Cohort 3413 5-7 yrs Association between recent AOM 

and OME in a multivariable model 

Summary 

AOM	appears	to	be	a	major	risk	factor	for	OME.	

2.5.6 Vaccination	

Vaccines	targeted	at	common	otopathogens	such	as	S.	pneumoniae	have	had	an	impact	on	

the	bacterial	communities	found	in	the	nasal,	NP,	and	ME	cultures.	Since	the	introduction	of	

the	7-valent	pneumococcal	conjugate	vaccine	(PCV7)	the	most	common	serotypes	reported	

in	children	with	OM	have	been	19A,	6A,	6C,	15B,	and	11A.369,	376	It	is	important	to	monitor	the	

impact	vaccines	have	on	the	bacterial	communities	in	children,	as	there	is	concern	that	more	

deleterious	pathogens	may	replace	those	covered	in	the	vaccines.		
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2.6 Risk	factor	groupings	

The	evidence	suggests	a	wide	range	of	likely	risk	factors	for	COME.	While	many	of	these	risk	

factors	appear	independent,	others	may	form	groups	of	interrelated	factors.	Several	possible	

groupings	are	suggested	below.	

2.6.1 Upper	respiratory	infection	

URI	is	one	of	the	best-supported	risk	factors	for	OME.	Numerous	risk	factors	may	contribute	

to	OME	via	 increased	exposure	to	infection	or	a	compromised	response	to	URI,	and	URI	 is	

implicated	in	the	chain	of	events	that	may	lead	to	bacterial	infection	of	the	ME.	

Firstly,	many	of	the	identified	risk	factors	increase	exposure	to	URI.	Exposure	to	other	children	

within	the	family	and	at	daycare	exposes	children	to	URI,18	and	parents	who	smoke	may	be	

more	 likely	 to	 contract	a	URI	and	 infect	 their	 children.	 In	winter	and	autumn	URI	 is	more	

prevalent,	and	children	may	be	kept	indoors	in	close	quarters	with	other	children	who	may	

have	URI.	Lower	SES	 increases	exposure	to	URI	via	exacerbating	 factors	such	as	crowding,	

dampness,	and	poor	heating.		

Secondly,	several	OME	risk	factors	may	reduce	resistance	to	URI,	increasing	the	likelihood	of	

an	 infection	 worsening,	 the	 time	 taken	 to	 overcome	 the	 infection,	 and	 the	 likelihood	 of	

recurrence.	Breastmilk	and	good	nutrition	strengthen	immune	response	to	URI,356	and	lack	of	

vitamin	D	in	winter	and	smoke	exposure	may	weaken	it.	Young	age	and	premature	birth	are	

indicators	of	an	immature	immune	system	less	able	to	combat	infection.	Poor	access	to	health	

care	due	to	low	SES	may	lead	to	a	compromised	immune	response	in	children	struggling	with	

untreated	illnesses.	Heredity	may	also	play	a	part	in	immunocompetence.	
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This	is	not	to	say	that	these	factors	can	be	explained	away	as	merely	contributing	to	URI,	with	

that	being	 the	 “real”	 risk	 factor.	 Some	of	 these	 factors	may	also	 influence	OME	via	other	

pathways.		

The	well-established	association	between	COME	and	URI	may	reflect	viral	infection	disrupting	

the	microbiota	of	the	nose	and	NP,	leading	to	an	overgrowth	of	pathogenic	bacteria,	which	

could	 ascend	 to	 the	 ME.	 Another	 possible	 explanation	 is	 that	 early	 colonisation	 with	

otopathogens	may	predispose	to	later	development	of	respiratory	diseases.413	

2.6.2 Inflammatory	response	

The	propensity	to	respond	to	pathogen	or	allergen	challenges	with	an	inflammatory	response	

in	the	form	of	increased	MEE	may	be	affected	by	some	of	the	OME	risk	factors	that	have	been	

identified.	Variations	in	the	immune	response	to	infectious	pathogens	in	the	ME	may	play	a	

role	in	the	production	or	retention	of	MEE.	There	is	also	evidence	of	a	role	for	allergy	in	OME.	

Hypersensitive	 immune	 response	 to	allergens	may	account	 for	an	 increased	 inflammatory	

response	in	the	ME	mucosa.	In	both	cases	the	nature	of	the	inflammatory	response	may	have	

a	significant	genetic	component,	and	it	may	also	be	influenced	by	factors	such	as	nutrition	

and	maturity.	

Vitamin	 D	 may	 modulate	 the	 immune	 response,	 with	 higher	 levels	 resulting	 in	 greater	

expression	of	the	AMP	cathelicidin.	This	response	may	be	less	inflammatory	and	thus	involve	

less	MEE,	while	 still	 being	 effective	 in	 suppressing	 otopathogens.	 As	 vitamin	 D	 levels	 are	

lowest	 in	 winter	 due	 to	 reduced	 sunlight	 exposure,	 winter	 may	 also	 be	 related	 to	

inflammatory	 response.	Winter	may	 therefore	 both	 increase	 exposure	 to	 infection,	while	

reducing	effective	immune	response	to	it.	
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2.6.3 Eustachian	tube	dysfunction	

Dysfunction	of	the	ET	was	one	of	the	earliest	explanations	of	OME,	and	is	still	prominent	in	

discussions	of	the	disease.	Due	to	the	inaccessibility	of	the	ET,	its	role	in	OME	is	more	often	

inferred	 than	directly	 observed,	 and	 explanations	 for	 how	 it	 influences	OME	have	 varied.	

Alternatively,	it	has	also	been	suggested	that	ET	dysfunction	may	be	a	result	of	OME	rather	

than	a	cause	of	it.	

Several	of	the	identified	risk	factors	for	OME	may	act	via	the	ET.	The	structure	and	function	

of	the	ET	may	improve	with	physical	maturity.	Cranial	size	may	be	a	marker	for	correct	ET	

function,	and	anatomical	abnormalities	such	as	cleft	palate	and	Down	syndrome	are	known	

to	cause	dysfunction	of	the	ET.	Smoke	exposure	may	reduce	the	mucociliary	function	of	the	

ET,	affecting	its	ability	to	move	fluids.	

URI	and	allergic	response	may	both	interact	with	ET	dysfunction.	Poor	ET	function	may	allow	

the	passage	of	allergens	and	pathogens	into	the	ME,	and	prevent	drainage	of	effusion	from	

the	ME.		

2.6.4 Socio-economic	status	

Smoking,	lack	of	breastfeeding,	poor	access	to	healthcare,	poor	nutrition,	and	crowding	may	

all	correlate	with	SES,	making	it	a	factor	of	interest	in	multivariable	models	of	OME.	However,	

many	studies	have	not	reported	a	correlation	between	OME	and	SES,	and	these	risk	factors	

may	also	act	via	other	mechanisms.		

2.6.5 Microbiota	

The	study	of	the	respiratory	microbiome	in	relation	to	OM	is	an	emerging	field.	Many	factors	

influence	 the	 microbiota	 including	 mode	 of	 delivery,	 genetics,	 age,	 URI,	 SES,	 antibiotic	
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exposure,	vaccination,	season,	exposure	to	other	children,	exposure	to	tobacco	smoke,	and	

diet.	The	microbiota	that	inhabit	the	human	body	develop	from	birth,	and	the	maturation	of	

this	microbial	community	may	be	affected	by	antenatal,	post-natal	and	other	early	life	events.	

Some	 determinants	 of	 COME	 may	 act	 in	 part	 by	 supporting	 or	 inhibiting	 commensal	

respiratory	bacteria,	or	by	stimulating	pathogen	overgrowth.	

2.7 Risk	factors	and	pathogenesis	

Because	there	are	several	apparently	contradictory	theories	of	the	pathogenesis	of	OME,	it	is	

difficult	to	establish	exactly	how	each	risk	factor	examined	above	may	affect	the	onset	and	

continuation	of	the	disease.	

In	a	2001	review,	Straetemans	et	al.	proposed	a	unified	pathogenesis	that	may	explain	how	

risk	 factors	 for	URI	and	ET	dysfunction	could	 in	 turn	be	 implicated	 in	OME.	 In	 this	model,	

viruses	in	the	NP	disrupt	ET	mucociliary	function,	facilitating	entry	of	viruses	and	bacteria	into	

the	ME.	Immune	reaction	to	pathogens	in	the	ME	leads	to	effusion	that	blocks	the	ET	and	

provides	a	medium	for	further	infection,	triggering	more	immune	reaction	and	thus	leading	

to	a	vicious	cycle.	The	immune	reaction	also	causes	metaplastic	changes	in	the	ME	creating	

further	mucus-producing	 cells	 and	 thereby	mucus	production.	 The	mucus	 in	 the	ME	 then	

blocks	the	ET,	preventing	drainage	from	the	ME.414	

The	above	model	does	not	account	for	allergic	involvement.	Allergic	immune	response	in	the	

ME	of	 atopic	 individuals	 could	 perhaps	 be	 incorporated	 as	 an	 alternative	 or	 exacerbating	

factor	in	effusion	production,	or	in	ET	dysfunction.	Whether	the	evidence	supports	this	“shock	

organ”	theory	of	atopic	factors	in	OME	is	disputed.315	
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Presenting	an	alternative	view	in	a	2004	review,	de	Ru	&	Grote	postulate	that	OME	might	be	

better	viewed	as	a	healthy	immunological	defence	mechanism	of	the	ME	in	children.	From	

this	 perspective	OME	 is	 not	 a	 disease	 but	 a	 process	 that	 protects	 children,	 in	whom	 the	

immune	and	ET	function	is	still	immature,	from	infection	of	the	ME	by	suppressing	infection	

and	preventing	entry	of	pathogens	into	the	ME.	The	thick	glue-like	substance	secreted	by	the	

ME	contains	antimicrobial	substances	preventing	colonisation	of	pathogens	in	the	ME	as	well	

as	blocking	entry	of	pathogens	into	the	ME	via	the	ET.	Such	defence	mechanisms	can	cause	

problems	of	their	own	and	require	treatment,	as	is	sometimes	the	case	with	fever.12		

While	the	Straetemans	et	al.	and	de	Ru	&	Grote	models	focus	on	dysfunction	in	the	ME	cavity,	

in	a	2008	review	Lazaridis	&	Saunders	summarise	a	different	model	in	which	the	ET	is	the	key	

to	all	MEE.	In	this	model,	the	ET	can	be	blocked	either	at	the	ostium	where	it	joins	the	ME	

cavity,	 or	 the	 torus	 tubarius	 where	 it	 opens	 into	 the	 NP.	 Tissue	 oedema,	 hypertrophied	

adenoids,	polyps,	cholesteatoma	or	epithelium	inflammation	secondary	to	allergy	or	URI	may	

block	 the	 ET.	 With	 the	 ET	 blocked,	 ventilation,	 and	 drainage	 of	 the	 ME	 cavity	 are	

compromised.	 Lack	of	 ventilation	 leads	 to	negative	ME	pressure	 and	 the	 accumulation	of	

MEE,	which	cannot	be	cleared	from	the	ME	due	to	lack	of	drainage,	resulting	in	OME.415	This	

model	does	not	account	for	the	importance	of	bacteria	in	the	ME	in	OME,	instead	relying	on	

the	outdated	hydrops	ex	vacuo	model.		

Expanding	on	the	processes	described	in	the	introduction,	another	possible	pathogenesis	of	

COME	is	that	URI	disrupts	the	nasal	and	nasopharyngeal	microbiota,	leading	to	overgrowth	

of	bacterial	pathogens	or	pathobionts.	A	more	diverse	and	stable	microbiota	may	be	better	

able	 to	 resist	 such	 disruption.	 If	 otopathogens	 do	 become	 overgrown,	 together	 with	 the	

original	URI	they	may	render	the	ET	dysfunctional,	and	ascend	the	ET	to	colonise	the	ME.	In	
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the	case	of	AOM,	an	overgrowth	of	planktonic	otopathogens	 in	 the	ME	 leads	 to	an	acute	

immune	 response.	 If	 the	 bacterial	 infection	 does	 not	 elicit	 an	 acute	 immune	 response	

immediately	on	entry	to	the	ME	or	is	not	fully	resolved	after	AOM,	the	immune	system	may	

suppress	 the	 infection	 with	 milder	 inflammation	 characterised	 by	 MEE,	 i.e.	 OME.	 If	 the	

effusion	 does	 not	 clear	 the	 low-level	 infection,	 possibly	 due	 to	 the	 bacteria	 taking	 on	 a	

resistant	 form	such	as	biofilms	or	 intra-cellular	 infection,	 then	 the	 inflammatory	 response	

may	persist	for	three	months	or	more	in	the	form	of	chronic	effusion,	i.e.	COME.	

While	 some	 authors	 assert	 a	 great	 deal	 of	 confidence	 in	 their	 explanations	 of	 OME,	 the	

differences	between	these	models	are	as	notable	as	the	similarities.	There	is	broad	agreement	

that	the	pathogenesis	is	complex	and	multi-factorial,	and	there	is	increasing	agreement	on	

what	the	factors	are	and	their	possible	impacts.	However,	there	is	still	no	consensus	on	the	

risk	factors	or	exact	pathogenesis	of	OME.	
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3 Methods	

3.1 Overview	

This	chapter	gives	an	overview	of	the	methods	and	materials	used.	The	overall	study	design	

is	 described	 first.	 Following	 this,	 a	 comprehensive	 risk	 factor	 study,	 an	 investigation	 into	

serum	 25(OH)D	 concentration,	 an	 examination	 into	 the	 nasal	 microbiota,	 and	 a	 serum	

cytokine	 investigation	 are	 described.	 The	 aims	 and	 hypotheses	 are	 outlined	 and	 general	

methods,	materials,	and	statistical	approaches	are	explained	for	each	of	the	four	aspects	of	

the	research.	

3.2 Overall	study	design	

3.2.1 Study	design	

A	 case-control	 study	 of	 preschool	 children	 aged	 three	 and	 four	 years	 was	 conducted	 to	

compare	risk	factors	between	children	with	COME	and	healthy	children.	

3.2.2 Setting	

Recruitment	and	data	collection	were	conducted	between	May	2011	and	November	2013.	

Subjects	were	assessed	in	interview	rooms	at	Waitakere	Hospital	or	North	Shore	Hospital,	in	

the	Waitemata	 District	 Health	 Board	 (WDHB)	 catchment	 area	 in	 Auckland.	 WDHB	 is	 the	

largest	of	20	district	health	boards	in	New	Zealand	(NZ),	with	a	population	of	approximately	

560,000	people,	and	the	third	most	affluent.	Its	population	consists	of	10%	Māori,	7%	Pacific,	

and	19%	Asian	people,	with	 the	 remaining	64%	being	of	European	or	Other	ethnicities.416	

Children	in	NZ	have	free	hospital	care	and	primary	care	practice	visits.		
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3.2.3 Participants	

Cases	were	children	aged	three	or	four	years	referred	for	TTP	at	Waitakere	Hospital,	who	had	

a	 recent	 medical	 history	 of	 COME	 and/or	 signs	 of	 COME	 confirmed	 by	 an	

otorhinolaryngologist	during	surgery.	

Controls	 were	 selected	 at	 random	 from	 children	 enrolled	 in	 primary	 care	 practices	 in	

proportion	 to	 the	 number	 and	 sex	 of	 children	 those	 practices	 had	 referred	 to	Waitakere	

Hospital	 for	 TTP	 in	 2010.	 This	 approach	 was	 designed	 to	 recruit	 controls	 from	 the	 same	

population	that	cases	were	referred	from,	to	mitigate	against	selection	bias.	Eligible	controls	

were	aged	three	or	four	years,	had	no	medical	history	of	TTP,	no	episodes	of	OME	lasting	

longer	than	one	month	in	the	past	year,	and	never	had	OME	lasting	longer	than	three	months.		

Cases	 and	 controls	 were	 excluded	 if	 they	 had	 craniofacial	 abnormalities	 including	 Down	

syndrome	or	cleft	palate,	or	immunodeficiency,	because	risk	factors	for	COME	in	children	with	

these	conditions	may	not	be	generalizable.	

3.2.4 Ethical	approval	for	the	study	

The	 parent	 or	 legal	 guardian	 provided	 written	 consent.	 The	 study	 was	 approved	 by	 the	

Northern	X	Regional	Ethics	Committee	(reference	NTX/11/EXP/027).	
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3.3 Risk	factors	in	preschool	children	with	COME	

3.3.1 Aim	and	hypothesis	

3.3.1.1 Aim	1:	A	comprehensive	risk	factor	study	

The	 first	 aim	 of	 the	 current	 research	was	 to	 explore	 a	 comprehensive	 range	 of	 potential	

determinants	and	confounders	to	 identify	 those	factors	that	are	 independently	associated	

with	COME.	Included	in	this	aim	was	to	investigate	prenatal	and	perinatal	factors,	which	have	

been	identified	in	reviews	as	being	under-explored.		

3.3.1.2 Hypothesis	1:	Confirmation	of	risk	factors	and	emergence	of	new	risk	factors			

We	hypothesized	that	established	risk	factors,	especially	those	related	to	infection,	would	be	

replicated	in	our	comprehensive	risk	factor	study.	We	further	anticipated	that	new	factors	

may	emerge	from	this	approach,	including	prenatal	and	perinatal	factors.		

3.3.2 Method	

An	 interviewer	administered	a	questionnaire	 to	 the	child’s	guardian	 to	obtain	 information	

regarding	socio-demographic	factors,	pregnancy,	feeding	practices,	allergy,	nasal	symptoms,	

and	childcare	environment.	The	interviewer	was	blind	to	whether	the	participant	was	a	case	

or	 control.	 Recall	 misclassification	 and	 bias	 was	 mitigated	 by	 using	 a	 standardized	

questionnaire	 including	validated	questions	where	available.	The	child’s	height	and	weight	

were	measured,	their	temperature	taken	using	an	ear	thermometer,	pneumatic	otoscopy	and	

tympanometry	were	performed,	and	skin	prick	tests	for	house	dust	mite,	cat	pelt,	dog,	mould,	

birch	 tree,	 and	 grass	mix	were	 administered	 following	 the	Australasian	 Society	 of	 Clinical	

Immunology	and	Allergy	protocol.417		
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3.3.2.1 Explanatory	variables	

Respondents	could	provide	multiple	ethnicities	for	the	child,	which	were	coded	as	a	single	

ethnicity	using	the	“prioritized	output”	method	from	the	NZ	Ministry	of	Health	ethnicity	data	

protocol.418	 The	 ethnicity	 categories	 were	 Māori,	 Pacific,	 Asian,	 European,	 and	 Other.	

European	 and	 Other	 ethnicity	 were	 grouped	 into	 a	 single	 European/Other	 category	 for	

analysis	due	to	the	small	number	of	subjects	of	Other	ethnicity.	Residential	address	was	used	

to	assign	NZ	Deprivation	Index	(NZDep)	ratings.	NZDep	is	a	validated	proxy	measure	of	SES	

ranging	 from	 1	 (least	 deprived)	 to	 10	 (most	 deprived),	 that	 is	 calculated	 using	 census	

questions	about	 income	and	access	 to	 resources.419	Crowding	was	assessed	by	number	of	

people	per	bedroom.	Long	labour	was	defined	as	total	length	of	labour	(stage	1	and	2)	lasting	

for	21	hours	or	longer	in	first-born	children	or	otherwise	lasting	14	or	more	hours.	These	cut-

offs	were	based	on	the	top	5th	percentile	of	labour	length	in	our	control	subjects.	Mode	of	

delivery	was	categorized	as	normal	vaginal	delivery,	elective	Caesarean	section,	emergency	

Caesarean	section,	or	forceps/vacuum	delivery.	Reflux	in	infancy	was	defined	as	bringing	up	

milk	 and	 crying	 in	 pain	 after	 feeding.	 Colic	 in	 infancy	 was	 defined	 as	 prolonged	 crying,	

reddened	face,	tight	body,	and	bringing	up	knees.	Time	of	first	exposure	to	cow’s	milk	(not	

including	formula	or	foods	containing	cow’s	milk)	was	dichotomized	around	the	median	time	

in	the	controls,	which	was	13	months.	Allergic	symptoms	were	assessed	using	questions	from	

the	 ISAAC	 questionnaire	 (http://www.isaac.auckland.ac.nz).	 We	 defined	 allergic	

rhinoconjunctivitis	as	a	positive	response	to	both	of	the	following	ISAAC	questions:	“In	the	

past	12	months,	has	your	child	had	a	problem	with	sneezing,	or	a	runny,	or	blocked	nose	when	

he/she	DID	NOT	have	a	cold	or	the	flu?”	and	“In	the	past	12	months,	has	this	nose	problem	

been	accompanied	by	itchy-watery	eyes?”		
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Other	factors	analysed	included	maternal	age,	smoking	during	pregnancy,	induced,	small	for	

gestational	age	 (bottom	10%	of	birth	weight	adjusted	 for	gestational	age,	parity,	 sex,	and	

ethnicity),420	season	of	birth,	pacifier	use,	age	of	solid	food	introduction,	maternal	and	child	

supplement	use,	and	body	mass	index	(BMI)	Z-score	(adjusted	for	age	and	sex).421	

3.3.3 Statistical	methods	

3.3.3.1 Sample	size	calculation	

To	detect	an	odds	ratio	of	2	at	the	5%	level	and	80%	power,	assuming	an	exposure	frequency	

of	at	least	20%	in	the	controls,	a	sample	size	of	173	cases	and	173	controls	is	required.		

3.3.3.2 Statistical	analysis		

This	 was	 conducted	 using	 JMP	 12,	 SAS	 Institute	 Inc.,	 Cary,	 NC,	 1989-2015.	 Categorical	

variables	were	 analysed	 using	 a	 chi-squared	 test	 and	 continuous	 variables	were	 analysed	

using	a	Student	t-test.	Variables	with	a	P	value	≤	0.1	were	entered	into	a	logistic	regression	

model.	Age	in	months,	the	child’s	sex,	and	NZDep	were	retained	in	the	model	as	potential	

confounders.	The	model	was	reduced	by	excluding	the	least	significant	variable	with	P	>	0.05,	

in	a	stepwise	manner	until	all	variables	in	the	model	remained	significant	at	the	5%	level.	This	

was	done	to	maximize	sample	size,	due	to	missing	data	for	some	variables.	Sensitivity	analyses	

were	conducted	by	adding	each	removed	variable	back	into	the	final	model	to	ensure	that	

they	 remained	non-significant	 and	did	not	 impact	 the	 variables	 in	 the	model.	 In	 addition,	

forward	and	backward	stepwise	 logistic	analyses	 for	all	variables	with	a	P	value	≤	 .1	were	

performed	using	Akaike	information	criterion	(AICc)	and	Bayesian	information	criterion	(BIC)	

for	comparison	with	the	model	produced	by	the	P	value	threshold	analysis.					



METHODS	

 160 

3.4 Vitamin	D	concentration	in	preschool	children	with	COME	

3.4.1 Aim	and	hypothesis	

3.4.1.1 Aim	2:	Investigate	the	relationship	between	serum	25(OH)D	concentration	and	COME	

The	second	aim	of	the	research	was	to	investigate	whether	there	is	a	relationship	between	

serum	25(OH)D	concentration	and	COME.		

3.4.1.2 Hypothesis	2:	High	serum	25(OH)D	concentration	associated	with	lower	risk	of	COME	

We	hypothesized	that	high	serum	25(OH)D	concentration	would	be	inversely	correlated	with	

risk	of	COME.		

3.4.2 Blood	sample	collection,	storage,	and	analysis	

Venous	blood	samples	were	collected	from	cases	and	controls.	Samples	were	stored	at	-80°C	

and	 batch	 processed	 by	 Canterbury	 Health	 Laboratories	 (Christchurch,	 NZ).	 Total	 serum	

25(OH)D	 concentration	 was	 analysed	 using	 liquid	 chromatography-tandem	 mass	

spectrometry	(LC-MS/MS).	

3.4.3 Statistics	

Statistical	 analysis	 was	 conducted	 using	 JMP	 12,	 SAS	 Institute	 Inc.,	 Cary,	 NC,	 1989-2015.	

Categorical	variables	were	analysed	using	a	chi-squared	test,	and	continuous	variables	were	

analysed	using	a	Student	t-test.	25(OH)D	concentration	and	season	of	blood	sampling	were	

entered	into	a	multivariable	 logistic	regression	model	along	with	age,	sex,	NZDep,	tobacco	

smoke	exposure,	 breastfeeding	duration,	 and	ethnicity	which	were	 identified	 as	 potential	

confounding	 variables.	 The	 ethnicity	 categories	were	Māori,	 Pacific,	 Asian,	 European,	 and	

Other,	 as	 previously	 described.	 A	 second	 multivariable	 logistic	 regression	 model	 was	
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conducted	that	included	risk	factors	in	the	first	model	and	risk	factors	previously	identified	in	

the	 comprehensive	 risk	 factor	 study	 (prolonged	 labour,	 cow’s	 milk	 exposure	 before	 13	

months,	older	siblings,	siblings	with	tympanostomy	tubes,	frequent	colds,	daycare	hours	per	

week,	 frequent	 snoring,	 and	 frequent	 nasal	 obstruction).422	 A	 P	 value	 of	 0.05	 or	 less	was	

considered	to	indicate	statistical	significance.		

3.5 Nasal	microbiota	in	preschool	children	with	COME	

3.5.1 Aim	and	hypotheses	

3.5.1.1 Aim	3:	Investigate	the	nasal	microbiome	in	cases	and	controls	

To	compare	the	nasal	microbiota	of	preschool	children	with	COME	to	the	nasal	microbiota	of	

healthy	children.	The	composition	of	nasopharyngeal	and	nasal	bacteria	has	been	associated	

with	other	forms	of	OM.	Commensal	bacteria	may	help	to	ward	off	infection	and	overgrowth	

of	 pathogens	 by	 competing	 for	 resources,	 stimulating	 the	 host’s	 immune	 system,	 and	

producing	their	own	antimicrobials	peptides.	

3.5.1.2 Hypothesis	 3:	 High	 nasal	 microbiota	 alpha	 diversity	 associated	 with	 lower	 risk	 of	

COME.	

We	hypothesized	that	higher	alpha	diversity	in	the	nasal	microbiota	would	be	associated	with	

a	reduced	risk	of	COME.	
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3.5.1.3 Hypothesis	4:	Higher	differential	abundance	of	nasal	otopathogens	associated	with	

higher	risk	of	COME	

We	hypothesized	 that	higher	differential	abundance	of	 the	otopathogens	H.	 influenzae,	S.	

pneumoniae,	 and	 M.	 catarrhalis	 in	 the	 nasal	 microbiota	 would	 be	 associated	 with	 an	

increased	risk	of	COME.	

3.5.1.4 Hypothesis	 5:	 Higher	 differential	 abundance	 of	 nasal	 commensals	 associated	 with	

lower	risk	of	COME		

We	hypothesized	that	higher	differential	abundance	of	commensals	such	as	S.	epidermidis,	

Corynebacterium,	 Propionibacterium,	 Dolosigranulum,	 Lactococcus,	 Lactobacillus,	 and	 the	

alpha	haemolytic	Streptococci	(AHS)	spp.,	in	the	nasal	microbiome	would	be	associated	with	

a	reduced	risk	of	COME.	

3.5.2 Specimens	

Nasal	swabs	were	collected	from	cases	and	controls.	A	sterile	paediatric	FLOQ	swab	(Copan,	

California,	USA)	moistened	with	saline	was	 inserted	 into	the	anterior	nares.	The	swab	was	

rotated	in	each	nostril	three	times	and	placed	into	a	2ml	tube	of	sterile	STGG	medium	(skim	

milk,	oxoid	tryptone	soya	broth,	glucose,	and	glycerol).423	Sterile	scissors	were	used	to	cut	the	

swab	tip	and	samples	were	placed	in	an	ice	bucket	and	then	stored	at	-80	degrees.	

3.5.3 DNA	extraction		

DNA	was	extracted	 from	nasal	samples	and	negative	controls	using	the	Qiagen	Allprep	kit	

(Qiagen,	California,	USA).	 Samples	were	 centrifuged	at	 full	 speed	 for	10	minutes	 to	pellet	

microbial	cells,	the	supernatant	was	discarded,	and	pellets	were	re-suspended	in	700µL	of	
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buffer	RLT	Plus	(including	beta-mecaptoethanol).	Samples	were	homogenised	utilising	0.7mm	

garnet	beads	(Mobio,	Carlsbad,	USA)	and	a	Tissuelyser	II	(Qiagen,	California,	USA)	set	for	4	

minutes	at	30Hz.	Samples	were	then	centrifuged	to	pellet	cellular	debris	and	the	supernatant	

was	 used	 for	 DNA	 extraction	 according	 to	 the	 manufacturer’s	 instructions	 with	 one	

modification:	at	the	DNA	elution	step	the	column	was	incubated	at	room	temperature	for	5	

minutes	 before	 centrifuging	 to	 elute	 DNA	 from	 the	 column.	 All	 DNA	 samples	 were	 then	

purified	using	Agencourt	Ampure	beads	(Beckman	Coulter,	California,	USA).	DNA	purity	was	

assessed	 using	 spectrophotometry	 (Nanodrop,	 ThermoFisher,	 Auckland,	 NZ)	 and	 DNA	

quantity	was	assessed	using	a	Qubit	(Life	Technologies,	Auckland,	NZ).	

3.5.4 PCR	and	Sequencing	

The	 variable	 region	 of	 the	 16S	 ribosomal	 gene	was	 PCR	 amplified	 using	 primers	 27F	 (5’-	

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG-3’)	 and	 534R	 (5’-	

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-3’)	 to	 target	 the	 V1-3	 region.	 The	 Roche	

Expand	 High	 Fidelity	 enzyme	 was	 used	 to	 amplify	 the	 target	 region	 using	 an	 Eppendorf	

thermal	cycler.	The	PCR	reaction	volume	was	25	μL,	consisting	of	0.5	μM	of	each	primer,	0.5µL	

dNTPs	(KAPA),	10%	DMSO.	Cycling	conditions	used	were:	[95°C	for	10	minutes,	(95°C	for	10	

seconds,	60°C	for	30	seconds)	×	50	cycles,	40°C	for	40	seconds].	Amplicons	were	visualised	on	

a	 1.5%	 agarose	 gel	 to	 confirm	 correct	 product	 size.	 All	 amplicons	 were	 purified	 using	

Agencourt	 Ampure	 beads	 (Beckman	 Coulter,	 California,	 USA).	 Purity	 was	 assessed	 using	

spectrophotometry	 (Nanodrop)	 and	 quantity	 was	 determined	 using	 a	 Qubit	 (Life	

Technologies,	Auckland,	NZ).		
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3.5.5 Library	preparation	

Sequencing	libraries	were	generated	using	the	Nextera	XT	Index	kit	(Illumina	Inc.,	San	Diego.	

CA,	USA)	and	amplicons	were	sequenced	on	the	Illumina	MiSeq	sequencer.	Three	sequencing	

runs	(96	samples	per	run)	were	performed	in	total	utilising	the	MiSeq	platform	600	cycle	kit	

(300bp	x2	paired-end)	at	the	Centre	for	Genomics,	Proteomics	and	Metabolomics	(CGPM),	

The	University	of	Auckland,	Auckland,	New	Zealand.	

3.5.6 Bioinformatic	processing	

The	USEARCH	64	analysis	pipeline	was	utilized.	Forward	and	reverse	reads	were	merged	for	

each	sample	with	reads	of	less	than	250bp	removed,	a	minimum	merge	length	of	450,	and	a	

minimum	overlap	region	of	50bp.	Paired	reads	were	then	filtered	using	a	minimum	expected	

quality	filter	of	1.0.	Chimeras	were	removed	using	UCHIME.	For	operational	taxonomic	unit	

(OTU)	assignment	the	UPARSE	pipeline424	was	followed	using	a	de	novo	picking	approach	with	

OTUs	assignment	clustered	at	97%	sequence	similarity	to	produce	an	OTU	table.	QIIME	was	

then	used425	where	taxonomy	of	OTUs	was	predicted	using	RDP	classifier	trained	with	the	

Greengenes	dataset	to	build	a	phylogenetic	tree.	A	mock	community	control	and	negative	

controls	were	included	to	assess	the	robustness	of	the	analysis.	

Statistical	 analysis	 was	 carried	 out	 in	 R	 version	 3.3.3	 (www.r-project.org/)	 using	 the	

Phyloseq,426	vegan,	and	DESeq2	packages.427			

3.5.7 Downstream	analysis	

	The	 OTUs	 were	 filtered428	 to	 remove	 contaminants	 including	 chloroplasts,	mitochondria,	

Methylobacteriaceae,	 Sphingomonadaceae,	 Geobacillus,	 Thermus,	 Anoxybacillus,	

Agrobacterium,	 Curvibacter,	 and	 Brevundimonas	 as	 these	 are	 known	 environmental	
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contaminants429	 that	were	 found	 in	our	negative	 control	 samples.	OTUs	with	a	 total	 read	

number	less	than	0.005%	of	total	reads	and	samples	containing	less	than	1000	reads	were	

removed.430	Additional	species-level	 identification	was	achieved	by	aligning	representative	

sequences	using	the	Basic	Local	Alignment	Search	Tool	(BLAST).431	Due	to	the	limitations	of	

classification	using	the	16S	rRNA	gene,	these	species	identifications	are	not	definitive.		

3.5.8 Diversity	analysis	

Alpha	diversity	was	calculated	using	Shannon	diversity	index	in	the	R	vegan	package.	Least	

square	means	 (lsmean)	were	generated	with	95%	confidence	 intervals.	Beta	diversity	was	

assessed	 with	 the	 Bray-Curtis	 dissimilarity	 measure.	 Permutation	 multivariate	 analysis	 of	

variance	 (PERMANOVA)	 using	 distance	 matrices	 was	 used	 to	 assess	 differences	 and	

significance	was	tested	using	ADONIS.	

3.5.9 Differential	abundance	

DESeq2	package	from	R	was	used	for	differential	abundance	analysis.	A	Benjamini-Hochberg	

adjustment to	 control	 for	multiple	 testing	was	 used.	We	 adjusted	 for	 age,	 ethnicity,	 and	

antibiotic	 usage	 in	 the	 past	month.	 A	 P	 value	 of	 0.05	 or	 less	 was	 considered	 to	 indicate	

statistical	significance.	

3.5.10 OTU	presence	

For	OTUs	that	were	differentially	abundant,	presence	of	any	reads	was	compared	between	

cases	and	controls	using	a	Chi-square	test	with	a	Benjamini-Hochberg	adjustment to	control	

for	multiple	testing.	
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3.5.11 Cluster	profiling		

OTUs	were	collapsed	at	the	genus	 level	and	transformed	to	relative	abundance.	To	assess	

nasal	microbiota	profiles,	we	partitioned	using	a	medoid	clustering	approach	(PAM)	and	the	

Bray	Curtis	dissimilarity	metric.	Number	of	clusters	was	selected	using	the	Gap	statistic.	

3.6 Systemic	cytokine	concentrations	in	preschool	children	with	COME	

3.6.1 Aim	and	hypothesis	

3.6.1.1 Aim	4:	Examine	systemic	cytokine	concentrations	in	cases	and	controls	

The	final	aim	was	to	compare	serum	concentrations	of	IL-4,	IL-5,	IL-6,	IL-8,	IL-10,	IL-13,	IL-17,	

MIP-1a,	tumour	necrosis	factor-a	(TNFa),	and	interferon-g	(INFg)	in	preschool	children	with	

COME	to	that	of	healthy	preschool	children.	

3.6.1.2 Hypothesis	6:	Higher	systemic	inflammatory	cytokine	concentration	associated	with	

higher	risk	of	COME	

We	 hypothesised	 that	 preschool	 children	 with	 COME	 would	 have	 a	 more	 inflammatory	

systemic	cytokine	profile	compared	with	healthy	children.		

3.6.2 Blood	collection	and	storage	

Venous	blood	samples	were	collected	in	a	BD	serum	separating	tube	and	transported	on	ice	

to	 LabPLUS,	 Auckland	where	 they	were	 centrifuged.	 The	 serum	was	 stored	 in	 -80	 degree	

freezers	 until	 processing	 at	 Royal	 Children’s	 Hospital	 in	 Melbourne,	 Australia.	 Serum	

concentration	 of	 IL-4,	 IL-5,	 IL-6,	 IL-8,	 IL-10,	 IL-13,	 IL-17,	 MIP-1a,	 TNF-a,	 and	 IFN-g	 were	

measured	using	a	Millipore	MILLIPLEX®	MAP	HSTCMAG-28SK	(Merck	Millipore,	Billerica,	MA,	

USA)	multiplex	bead	array	assay,	on	 the	Luminex	 IS	2.3	 (Luminex	Corporation,	Austin,	TX,	



METHODS	

 167 

USA).	 Duplicate	 assays	 of	 351	 samples	 (175	 cases	 and	 176	 controls)	 were	 performed	

according	to	the	manufacturer’s	instructions.	The	cytokine	assay	was	performed	in	duplicate	

and	 the	 coefficients	 of	 variation	 (CVs)	 recorded.	 Each	 cytokine	 concentration	 was	 then	

averaged.	Samples	with	cytokines	under	the	lower	limit	of	detection	(LLOD)	were	assigned	a	

value	between	zero	and	the	LLOD.	 In	cases	where	one	value	was	below	the	LLOD	and	the	

other	reading	was	above,	we	chose	to	only	use	the	value	above	the	LLOD.	

3.6.3 Statistical	analysis	

The	median	and	interquartile	range	was	given	for	each	of	the	cytokines.	The	non-parametric	

Kruskal-Wallis	test	was	used	to	test	for	differences	between	the	cases	and	controls.	Cytokines	

that	were	significant	univariably	were	then	entered	 into	a	multivariable	 logistic	 regression	

model	controlling	for	known	confounders	of	age,	sex,	and	exposure	to	tobacco	smoke.	A	P	

value	<0.05	was	considered	to	indicate	statistical	significance.	Statistical	analysis	was	carried	

out	 in	R	version	3.3.3	(www.r-project.org/)	and	JMP	12,	SAS	 Institute	 Inc.,	Cary,	NC,	1989-

2015.
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4 Determinants	of	chronic	otitis	media	with	effusion	in	preschool	

children:	a	case–control	study		

This	chapter	was	published	as:	

Walker	RE,	Bartley	J,	Flint	D,	Thompson	JM,	Mitchell	EA.	Determinants	of	chronic	otitis	

media	with	effusion	in	preschool	children:	a	case-control	study.	BMC	Pediatr	2017;17:4.	

4.1 Background		

Otitis	media	with	effusion	 (OME)	 is	 a	 childhood	 condition	where	 fluid	 gathers	behind	 the	

tympanic	 membrane.	 OME	 is	 a	 common	 reason	 for	 doctors’	 visits,	 antibiotic	 use	 and	

surgery.324	Chronic	otitis	media	with	effusion	(COME),	defined	as	effusion	lasting	3	or	more	

months,	causes	hearing	loss	that	may	lead	to	learning	delays	and	behavioural	problems.42		

COME	is	caused	by	bacteria	and	viruses	entering	the	middle	ear	from	the	upper	respiratory	

tract,	leading	to	a	chronic	inflammatory	response.	COME	chronicity	may	be	explained	by	the	

formation	of	biofilms	in	the	middle	ear.73	Biofilms	are	sessile	communities	of	microorganisms	

that	can	evade	the	host’s	immune	system	and	are	often	resistant	to	antibiotic	treatment.324	

Risk	factors	associated	with	COME	include	young	age,	ethnicity,	family	history,	breastfeeding	

practices,	exposure	to	other	children,	and	upper	respiratory	 infection	(URI).107	Acute	otitis	

media	(AOM)	and	OME	often	follow	each	other,	and	can	be	viewed	as	aspects	of	a	disease	

continuum.		

While	many	risk	factors	for	COME	have	been	reported,	there	is	a	lack	of	recent	research	in	

which	a	wide	range	of	potential	determinants	and	confounders	are	considered	together.	The	
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aim	of	the	study	was	to	examine	a	comprehensive	array	of	variables,	including	prenatal	and	

perinatal	factors	for	which	research	is	lacking,107	to	identify	risk	factors	that	are	independently	

associated	with	COME.		

4.2 Methods		

4.2.1 Study	design		

A	 case–control	 study	 of	 children	 aged	 three	 and	 four	 years	 was	 conducted,	 to	 compare	

children	with	COME	to	healthy	children.		

4.2.2 Setting		

Recruitment	and	data	collection	were	conducted	between	May	2011	and	November	2013.	

Subjects	were	assessed	in	interview	rooms	at	Waitakere	Hospital	or	North	Shore	Hospital,	in	

the	Waitemata	 District	 Health	 Board	 (WDHB)	 catchment	 area	 in	 Auckland.	 WDHB	 is	 the	

largest	of	20	district	health	boards	in	New	Zealand	(NZ),	with	a	population	of	approximately	

560,000	people,	and	the	third	most	affluent.	Its	population	consists	of	10%	Māori,	7%	Pacific,	

and	 19%	 Asian	 people,	 with	 the	 remaining	 64%	 being	 European	 or	 Other	 ethnicities.416	

Children	in	NZ	have	free	hospital	care	and	primary	care	practice	visits.		

4.2.3 Participants		

Cases	were	children	aged	3	or	4	years	referred	for	tympanostomy	tube	placement	(TTP)	at	

Waitakere	 Hospital,	 who	 had	 a	 recent	 medical	 history	 of	 COME	 and/or	 signs	 of	 COME	

confirmed	by	an	otorhinolaryngologist	during	surgery.	Controls	were	selected	at	random	from	

children	enrolled	in	primary	care	practices	in	proportion	to	the	number	and	sex	of	children	

those	 practices	 had	 referred	 to	 Waitakere	 Hospital	 for	 TTP	 in	 2010.	 This	 approach	 was	
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designed	 to	 recruit	 controls	 from	 the	 same	 population	 that	 cases	were	 referred	 from,	 to	

mitigate	against	selection	bias.	Eligible	controls	were	aged	3	or	4	years,	had	no	medical	history	

of	TTP,	no	episodes	of	OME	lasting	longer	than	one	month	in	the	past	year,	and	never	had	

OME	lasting	longer	than	three	months.		

Cases	 and	 controls	 were	 excluded	 if	 they	 had	 craniofacial	 abnormalities	 including	 Down	

syndrome	or	cleft	palate,	or	immunodeficiency,	as	risk	factors	for	COME	in	children	with	these	

conditions	may	not	be	generalizable.		

4.2.4 Variables		

An	 interviewer	 administered	 a	 questionnaire	 to	 obtain	 information	 regarding	 socio-

demographic	 factors,	pregnancy,	 feeding	practices,	allergy,	nasal	 symptoms,	and	childcare	

environment.	The	 interviewer	was	blind	 to	whether	 the	participant	was	a	case	or	control.	

Recall	 misclassification	 and	 bias	 was	 mitigated	 by	 using	 a	 standardized	 questionnaire	

including	validated	questions	where	available.		

Respondents	could	provide	multiple	ethnicities,	which	were	coded	as	a	single	ethnicity	using	

the	“prioritized	output”	method	from	the	NZ	Ministry	of	Health	ethnicity	data	protocol.418	

The	ethnicity	categories	were	Māori,	Pacific,	Asian,	European,	and	Other.	European	and	Other	

ethnicity	were	grouped	into	a	single	European/Other	category	for	analysis	due	to	the	small	

number	of	subjects	of	Other	ethnicity.	Residential	address	was	used	to	assign	NZ	Deprivation	

Index	 (NZDep)	 ratings.	 NZDep	 is	 a	 validated	 proxy	measure	 of	 SES	 ranging	 from	 1	 (least	

deprived)	 to	 10	 (most	 deprived).419	 Crowding	 was	 assessed	 by	 number	 of	 people	 per	

bedroom.	Long	labour	was	defined	as	total	length	of	labour	(stage	1	and	2)	lasting	for	21	h	or	

longer	in	first-born	children	or	otherwise	lasting	14	or	more	hours.	These	cutoffs	were	based	
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on	 the	 top	 5th	 percentile	 of	 labour	 length	 in	 our	 control	 subjects.	Mode	 of	 delivery	was	

categorized	as	unassisted	(normal	vaginal	delivery),	elective	Caesarean	section,	emergency	

Caesarean	section,	or	forceps/vacuum	delivery.	Reflux	in	infancy	was	defined	as	bringing	up	

milk	 and	 crying	 in	 pain	 after	 feeding.	 Colic	 in	 infancy	 was	 defined	 as	 prolonged	 crying,	

reddened	face,	tight	body,	and	bringing	up	knees.	Time	of	first	exposure	to	cow’s	milk	(not	

including	formula	or	foods	containing	cow’s	milk)	was	dichotomized	around	the	median	time	

in	the	controls,	which	was	13	months.	Allergic	symptoms	were	assessed	using	questions	from	

the	ISAAC	questionnaire	(http://isaac.auckland.ac.nz)	Allergic	rhinoconjunctivitis	was	defined	

as	sneezing,	or	a	runny,	or	blocked	nose,	combined	with	itchy-watery	eyes,	in	the	absence	of	

a	cold	or	flu.		

The	 child’s	 height	 and	 weight	 were	 measured,	 their	 temperature	 taken	 using	 an	 ear	

thermometer,	pneumatic	otoscopy	and	tympanometry	were	performed,	and	skin	prick	tests	

for	house	dust	mite,	cat	pelt,	dog,	mold,	birch	tree	and	grass	mix	were	administered	following	

the	Australasian	Society	of	Clinical	Immunology	and	Allergy	protocol.417		

Other	 factors	analyzed	 included	maternal	age,	 smoking	during	pregnancy,	 induced	 labour,	

small	for	gestational	age	(bottom	10%	of	birth	weight	adjusted	for	gestational	age,	parity,	sex,	

and	ethnicity),420	season	of	birth,	pacifier	use,	age	of	solid	food	introduction,	maternal	and	

child	supplement	use,	and	body	mass	index	(BMI)	Z-score	(adjusted	for	age	and	sex).421		

4.2.5 Statistical	methods		

To	detect	an	odds	ratio	of	2	at	the	5%	level	and	80%	power,	assuming	an	exposure	frequency	

of	at	least	20%	in	the	controls,	a	sample	size	of	173	cases	and	173	controls	is	required.		
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Statistical	 analysis	 was	 conducted	 using	 JMP	 12,	 SAS	 Institute	 Inc.,	 Cary,	 NC,	 1989–2015.	

Categorical	variables	were	analysed	using	a	chi-squared	test	and	continuous	variables	were	

analysed	using	a	Student	t-test.	Variables	with	a	P	value	≤	0.1	were	entered	into	a	 logistic	

regression	model.	Age	in	months,	the	child’s	sex,	and	NZDep	were	retained	in	the	model	as	

potential	confounders.	The	model	was	reduced	by	excluding	the	least	significant	variable	with	

P	>	0.05,	in	a	stepwise	manner	until	all	variables	in	the	model	remained	significant	at	the	5%	

level.	 This	 was	 done	 to	 maximize	 sample	 size,	 due	 to	 missing	 data	 for	 some	 variables.	

Sensitivity	 analyses	were	 conducted	 by	 adding	 each	 removed	 variable	 back	 into	 the	 final	

model	to	ensure	that	they	remained	non-significant	and	did	not	impact	the	variables	in	the	

model.		

4.3 Results		

Of	 259	 potential	 cases	 identified,	 18	 were	 excluded	 due	 to	 surgery	 being	 cancelled	 or	

postponed,	 35	 due	 to	 not	 having	 COME,	 and	 6	 due	 to	 Down	 syndrome,	 cranial-facial	

abnormalities,	 or	 immunodeficiency.	 Of	 200	 cases	 confirmed	 eligible,	 178	 (89%)	 were	

enrolled.	Of	517	potential	controls	identified,	27	were	no	longer	in	the	study	area,	47	were	

no	 longer	 in	 the	 age	 range,	 and	 5	 had	 Down	 syndrome,	 cranial-facial	 abnormalities	 or	

immunodeficiencies.	A	history	of	COME	was	found	in	66	potential	controls,	44	had	TTP,	16	

could	not	be	contacted,	and	we	were	advised	not	to	contact	9	subjects	by	their	primary	care	

practices.	Of	303	controls	confirmed	eligible,	209	(69%)	were	enrolled	(Figure	4).		
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Figure	4:	Recruitment	stages	and	participation	

The	mean	age	of	the	cases	was	47.8	months	[standard	deviation	(SD)	=	6.79],	significantly	

younger	than	the	controls	who	had	a	mean	age	of	49.3	months	[SD	=	6.67]	(P	=	0.04).	Of	the	

cases,	62%	were	male	compared	to	58%	of	controls	(P	=	0.42).	Mean	NZDep	in	the	cases	was	

5.5	[SD	=	2.66],	higher	(i.e.	more	deprived)	than	the	controls	who	had	a	mean	of	4.8	[SD	=	

2.65]	(P	=	0.01).		

Variables	with	P	values	over	0.1	univariably	 that	were	not	analysed	further	were:	 induced	

labour,	small	for	gestational	age,	season	of	birth,	pacifier	use,	age	of	solid	food	introduction,	

maternal	and	child	supplement	use,	positive	skin	prick	test,	eczema,	BMI,	and	crowding.		

Upright	bottle-feeding	was	excluded	from	further	analysis	because	children	with	COME	are	

recommended	to	be	bottle-fed	upright	in	NZ.432	Age	at	first	episode	of	AOM	and	age	of	first	
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starting	antibiotics	were	excluded	because	AOM	is	part	of	the	same	disease	continuum	as	

COME	and	antibiotics	are	frequently	prescribed	for	children	with	OM.		

Variables	with	P	values	≤	0.1	univariably	(Table	41)	were	analysed	using	logistic	regression.	

Those	with	P	values	over	0.05	 in	 the	stepwise	model	 that	were	not	entered	 into	 the	 final	

model	were:	maternal	smoking	during	pregnancy,	mode	of	delivery,	breastfeeding	duration,	

formula	feeding,	colic,	reflux,	parental	smoking,	childhood	use	of	vitamin	C,	mouth	breathing,	

full	 vaccination,	 probiotic	 use,	 wheezing,	 allergic	 rhinoconjunctivitis,	 runny	 nose,	 and	

maternal	history	of	OM.		

Table	41:	Variables	with	P	value	of	0.1	or	under	in	univariable	analysis	

Variable COME n (%) Controls n (%) OR (CI) P value 

Ethnicity    <0.001 

  European/Other  102 (57.3) 112 (53.6) 1.00  

  Asian 7 (3.9) 33 (15.8) 0.23 (0.09, 0.52)  

  Māori 47 (26.4) 38 (18.2) 1.36 (0.82, 2.26)  

  Pacific 22 (12.4) 26 (12.4) 0.93 (0.49, 1.74)  

Smoking     0.006 

  Neither smoke  109 (61.2) 161 (77) 1.00  

  Mother smokes 15 (8.4) 12 (5.7) 1.05 (0.83, 4.17)  

  Father smokes 19 (10.7) 16 (7.7) 1.75 (0.86, 3.60)  

  Both smoke 35 (19.7) 20 (9.6) 2.58 (1.43, 4.78)  

Long labour      0.01 

  No  153 (87.4) 198 (94.7) 1.00  

  Yes 22 (12.6) 11 (5.2) 2.59 (1.22, 5.50)  

Maternal smoking during pregnancy     0.07 

  No  136 (76.4) 174 (83.7) 1.00  

  Yes 42 (23.6) 34 (16.3) 1.58 (0.95, 2.62)  

Mode of delivery     0.06 

  Unassisted  102 (57.3) 128 (61.2) 1.00  

  C sect – elective 15 (8.4) 31 (14.8) 0.61 (0.31, 1.18)  

  C sect – emergency 38 (21.3) 30 (14.4) 1.61 (0.93, 2.78)  
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Variable COME n (%) Controls n (%) OR (CI) P value 

  Forceps or vacuum 23 (12.9) 20 (9.6) 1.46 (0.76, 2.82)  

Breastfed duration (months) 178 208 0.96 (0.93, 0.99) 0.003 

Formula      0.006 

  No 29 (16.3) 58 (27.9) 1.00  

  Yes 149 (83.7) 150 (72.1) 1.99 (1.20, 3.28)  

Cow’s milk start < 13 months of age    0.009 

  No  71 (39.9) 111 (53.1) 1.00  

  Yes 107 (60.1) 98 (46.9) 1.71 (1.14, 2.56)  

Colic     <0.001 

  Never  54 (30.3) 88 (42.3) 1.00  

  Seldom 67 (37.6) 77 (37) 1.42 (0.89, 2.28)  

  Often 21 (11.8) 28 (13.5) 1.22 (0.63, 2.36)  

  Always 36 (20.2) 15 (7.2) 3.91 (1.99, 7.99)  

Reflux     0.005 

  Never  110 (61.8) 150 (72.1) 1.00  

  Seldom 31 (17.4) 39 (18.8) 1.08 (0.63, 1.84)  

  Always and often 37 (20.8) 19 (9.1) 2.66 (1.47, 4.95)  

Probiotic use in last 12 months     0.04 

  No  153 (86.4) 193 (92.8) 1.00  

  Yes 24 (13.6) 15 (7.2) 2.02 (1.02, 3.98)  

Vitamin C use in last year     0.07 

  No  137 (77.4) 144 (69.2) 1.00  

  Yes 40 (22.6) 64 (30.8) 0.66 (0.42, 1.04)  

Allergic rhinoconjunctivitis in last 12 

months     0.01 

  No  148 (83.1) 191 (91.4) 1.00  

  Yes 30 (16.9) 18 (8.6) 2.15 (1.15, 4.01)  

Wheeze in last 12 months     0.007 

  No  99 (55.6) 144 (68.9) 1.00  

  Yes 79 (44.4) 65 (31.1) 1.77 (1.17, 2.68)  

Blocked nose     <0.001 

  Only with cold, rarely or never  84 (47.1) 180 (86.1) 1.00  

  Always or often  94 (52.8) 29 (13.9) 6.95 (4.25, 11.34)  

	 	



DETERMINANTS	OF	CHRONIC	OTITIS	MEDIA	WITH	EFFUSION	IN	PRESCHOOL	CHILDREN:	A	

CASE–CONTROL	STUDY	

 176 

Variable COME n (%) Controls n (%) OR (CI) P value 

Snoring      <0.001 

  Never  14 (7.9) 49 (23.6) 1.00  

  Seldom 29 (16.3) 58 (27.9) 1.75 (0.84, 3.76)  

  Only with cold 21 (11.8) 38 (18.3) 1.93 (0.88, 4.37)  

  Often 46 (25.8) 37 (17.8) 4.35 (2.13, 9.32)  

  Always 68 (38.2) 26 (12.5) 9.15 (4.44, 19.89)  

Runny nose     <0.001 

  No  11 (6.2) 35 (16.7) 1.00  

  Only with cold 85 (47.8) 126 (60.3) 2.15 (1.06, 4.64)  

  Yes – clear 51 (28.7) 36 (17.2) 4.50 (2.08, 10.40)  

  Yes – purulent 31 (17.4) 12 (5.7) 8.20 (3.28, 22.15)  

Mouth breathing     <0.001 

  Never  19 (10.7) 63 (30.4) 1.00  

  Rarely 39 (22.0) 44 (21.3) 2.94 (1.52, 5.83)  

  Only with cold 28 (15.8) 52 (25.1) 1.79 (0.90, 3.59)  

  Often 50 (28.2) 38 (18.4) 4.36 (2.28, 8.63)  

  Always 41 (23.2) 10 (4.8) 13.59 (5.95, 33.63)  

4 or more colds in last 12 months     <0.001 

  No  61 (34.3) 145 (69.4) 1.00  

  Yes 117 (65.7) 64 (30.6) 4.35 (2.84, 6.66)  

Sibling tympanostomy tubes      0.002 

  No  141 (79.2) 189 (90.4) 1.00  

  Yes 37 (20.8) 20 (9.6) 2.48 (1.38, 4.46)  

Daycare hours per week 174 208 1.02 (1.00, 1.04) 0.03 

Older siblings     0.07 

  No  82 (46.1) 77 (36.8) 1.00  

  Yes 96 (53.9) 132 (63.2) 0.68 (0.45, 1.03)  

Maternal OM     0.02 

  No  116 (65.5) 156 (76.0) 1.00  

  Yes 61 (34.5) 49 (23.9) 1.67 (1.07, 2.62)  

Fully vaccinated     0.10 

  No  16 (9) 30 (14.4) 1.00  

  Yes 162 (91) 178 (85.6) 1.71 (0.90, 3.25)  
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In	 the	 final	multivariable	model	 (Table	 42),	 Asian	 ethnicity	 was	 inversely	 associated	with	

COME	as	compared	to	European/Other	ethnicity	(OR:	0.20	[95%	CI:	0.07–0.53]).	Deprivation	

was	not	associated.	Long	labour	(OR:	2.59	[95%	CI:	1.03–6.79]),	starting	cow’s	milk	before	13	

months	of	age	(OR:	1.76	[95%	CI:	1.05–2.97]),	and	having	a	blocked	nose	(always	or	often,	

OR:	4.38	[95%	CI:	2.37–8.28])	were	significant	risk	factors.	Snoring	was	associated	with	COME	

when	compared	to	never	snoring	(always,	OR:	3.64	[95%	CI:	1.51–9.15])	or	often	(OR:	2.45	

[95%	CI:	1.04–5.96]).	Four	or	more	colds	in	the	last	12	months	(OR:	2.67	[95%	CI:	1.59–4.53]),	

siblings	with	a	history	of	TTP	(OR:	2.68	[95%	CI:	1.22–6.02]),	and	number	of	hours	per	week	

at	daycare	 (OR	per	hour:	1.03	 [95%	CI:	 1.00–1.05])	were	all	 risk	 factors,	 and	having	older	

siblings	was	inversely	associated	(OR:	0.54	[95%	CI:	0.31–0.93]).		

Table	42:	Risk	factors	for	COME	in	final	multivariable	model	

Variable Adjusted OR (CI) P value 
Age (per month) 0.96 (0.92, 1.00) 0.04 
Sex  0.53 

   Female 1.00  

   Male 1.18 (0.70, 1.99)  

NZDep (per unit) 1.06 (0.96, 1.17) 0.27 

Ethnicity   0.005 

   European/Other 1.00   

   Asian 0.20 (0.07, 0.53)  

   Māori 0.90 (0.47, 1.72)  

   Pacific 1.33 (0.58, 3.04)  

Long labour    0.04 

   No  1.00  

   Yes 2.59 (1.03, 6.79)  

Cow’s milk start < 13 months of age  0.03 

   No  1.00  

   Yes 1.76 (1.05, 2.97)  
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Blocked nose in last 12 months   <0.001 

   Only with cold, rarely and never  1.00  

   Always and often  4.38 (2.37, 8.28)  

Snoring in last 3 months   0.02 

   Never  1.00  

   Seldom 1.29 (0.55, 3.10)  

   Only with cold 1.51 (0.59, 3.94)  

   Often 2.45 (1.04, 5.96)  

   Always 3.64 (1.51, 9.15)  

4 or more colds in last 12 months   <0.001 

   No  1.00  

   Yes 2.67 (1.59, 4.53)  

Sibling tympanostomy tubes   0.01 

   No  1.00  

   Yes 2.68 (1.22, 6.02)  

Daycare hours per week (per hour) 1.03 (1.00, 1.05) 0.02 

Older siblings   0.03 

   No  1.00  

   Yes 0.54 (0.31, 0.93)  

	

4.4 Discussion		

To	 address	 the	 many	 interrelated	 factors	 associated	 with	 COME,	 we	 included	 a	

comprehensive	 set	 of	 variables	 in	 our	 regression	 analysis.	 In	 addition	 to	 well	 known	 risk	

factors	such	as	frequent	URI,	daycare	attendance,	and	sibling	history	of	TTP,	we	also	identified	

some	respiratory	risk	factors	that	were	independently	associated	with	COME,	notably	nasal	

obstruction	and	snoring.	Prenatal	and	perinatal	events	also	appear	to	impact	the	risk	of	COME	

in	preschoolers,	including	long	labour	and	early	introduction	of	cow’s	milk.		

URI	is	a	frequently	observed	risk	factor.18,	107	In	animal	models,	bacteria	in	the	nose	are	more	

likely	to	ascend	to	the	ME	if	respiratory	viruses	are	also	present.433	Our	finding	regarding	URI	
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may	reflect	viruses	acting	as	a	compounding	risk	factor	through	polymicrobial	 interactions	

with	bacteria	in	the	nose	and	NP.		

Daycare	 attendance	 exposes	 children	 to	 infection	 that	 can	 lead	 to	 COME.18	 Children	

congregating	at	daycare	 increases	the	transfer	of	viruses,	and	the	transmission	of	bacteria	

that	may	survive	in	a	biofilm	state	in	mucous	secretions	on	toys	and	other	surfaces.434	Sibling	

TTP	being	a	risk	factor	may	reflect	shared	family	environment	including	parental	healthcare	

practices,	 awareness	 of	 COME,	 or	 exposure	 to	 the	 same	 pathogens.	 It	may	 also	 indicate	

familial	predisposition,	which	is	a	risk	factor	supported	by	many	twin	studies,435	however	a	

history	of	maternal	OM	was	not	significant	in	the	multivariable	analysis.		

Reports	as	to	whether	atopy	and	allergic	rhinitis	are	risk	factors	for	OME	are	mixed.107	We	did	

not	find	atopic	diseases	to	be	risk	factors	for	COME.	The	discrepancy	among	studies	could	be	

explained	by	blocked	nose	or	URI	acting	as	confounders,	as	these	conditions	are	associated	

with	 both	 allergic	 conditions	 and	 COME.	 We	 used	 a	 validated	 questionnaire	 for	

rhinoconjunctivitis,	 eczema	 and	 asthma,	 which	 may	 have	 improved	 our	 specificity	 in	

identifying	allergic	diseases.		

Frequent	nasal	obstruction	in	the	last	12	months	was	reported	in	53%	of	cases	compared	to	

14%	of	controls,	while	frequent	snoring	in	the	last	3	months	was	found	in	64%	of	cases	versus	

30%	of	controls.	Nasal	obstruction	has	been	considered	to	be	related	to	COME	only	via	its	

associations	with	allergy	and	URI,436	however	there	is	also	evidence	to	support	our	finding	

that	nasal	obstruction	and	snoring	can	be	associated	with	OM	independently	of	allergy	and	

colds.162,	 299,	 319	 Our	 observation	 that	 nasal	 obstruction	 was	 associated	 with	 COME	

independently	of	rhinitis,	atopy,	and	URI	raises	the	question	of	what	other	mechanism	could	
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be	underlying	this	relationship.	Given	the	importance	of	bacterial	biofilms	in	the	middle	ear	

in	causing	COME,73	a	possible	explanation	is	that	biofilms	in	the	nose	and	NP	act	as	a	common	

factor	for	both	chronic	nasal	obstruction	and	COME.	In	animal	models	biofilms	can	spread	

from	the	nose	to	the	ME,	leading	to	COME.433	Nasal	biofilms	are	associated	with	increased	

nasal	 resistance,	 a	 measure	 of	 nasal	 obstruction.437	 The	 otopathogen	 non-typable	

Haemophilus	influenza	requires	anaerobic	conditions	to	form	biofilms,438	and	may	therefore	

be	 aided	 by	 nasal	 congestion.	 Although	 direct	 evidence	 that	 nasal	 and	 nasopharyngeal	

biofilms	connect	nasal	obstruction	to	COME	is	lacking,	adenoid	hypertrophy	in	particular	is	a	

risk	 factor	 for	nasal	obstruction,	snoring,	and	COME,	with	the	preferred	explanation	being	

that	adenoids	can	act	as	a	reservoir	for	otopathogens.439,	440		

In	 addition	 to	 respiratory	 factors,	 we	made	 several	 findings	 regarding	 socio-demographic	

factors,	perinatal	 factors,	and	feeding	practices.	Māori	and	Pacific	children	 in	NZ	are	more	

likely	to	fail	preschool	hearing	tests.192	The	prevalence	of	OME	in	2	year	old	Pacific	children	

has	been	measured	at	25.4%,	however	chronicity	and	other	ethnicities	were	not	studied,	and	

subjects	were	recruited	from	a	less	affluent	area	of	Auckland.162	We	did	not	observe	Māori	or	

Pacific	ethnicities	to	be	risk	factors	for	COME.	If	a	correlation	exists,	it	may	be	concealed	by	

these	families	being	less	likely	to	attend	primary	care	practices	for	COME,	as	our	subjects	are	

limited	to	those	referred	for	surgery.		

Asian	 ethnicity	was	 inversely	 associated	with	 COME.	 It	 is	 also	 inversely	 correlated	with	 a	

diagnosis	of	AOM	in	the	US.180	A	longitudinal	study	could	determine	whether	this	reflects	a	

lower	 likelihood	 of	 referral/attendance	 for	 TTP	 surgery,	 genetic	 propensity,	 or	 cultural	

differences	such	as	diet,	housing,	or	hygiene	practices.		
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Low	 SES	 is	 sometimes	 linked	 to	 OM.107	 In	 NZ,	 deprivation	 is	 associated	 with	 infectious	

diseases,441	 surgical	 interventions	 for	 OM,442	 and	 infection	 with	 the	 otopathogen	

Staphylococcus	aureus.443	However,	we	did	not	find	deprivation	to	be	associated	with	COME.	

Crowding	and	tobacco	smoke	exposure	were	also	not	identified	as	risk	factors,	in	contrast	to	

some	previous	studies.444	It	appears	that	the	presence	of	COME	is	better	predicted	by	other	

potentially	related	factors	in	our	subjects.		

Having	older	siblings	was	inversely	correlated	with	COME.	Previous	research	has	found	this	

to	be	a	 risk	 factor	 that	declines	with	age,	no	 longer	being	associated	by	3	 years	of	 age.18	

Exposure	 to	 commensal	 bacteria	 from	 older	 siblings	 may	 help	 to	 protect	 children	 from	

infections	and	allergic	manifestations.445		

Long	labour	was	associated	with	COME.	Prolongation	of	labour	is	the	most	common	cause	of	

maternal	 fever	 during	 labour,	 and	 is	 also	 associated	 with	 instrument	 use,	 emergency	

Caesarean	section	deliveries,	and	admission	to	neonatal	care	units.446-448	In	cases	of	maternal	

fever,	prophylactic	antibiotics	are	often	administered	to	mother	and	newborn,	which	may	

affect	 the	 infant’s	microbiome	and	 thereby	decrease	 their	 resistance	 to	 colonization	with	

pathogens.445,	448		

Longer	duration	of	breastfeeding	is	sometimes	reported	as	a	protective	factor	against	OM,	

and	 early	 introduction	 of	 infant	 formula	 or	 cow’s	 milk	 is	 sometimes	 found	 to	 be	 a	 risk	

factor.169	The	introduction	of	cow’s	milk	before	13	months	of	age	was	a	risk	factor	for	COME.	

Cow’s	milk	 is	 not	 recommended	 until	 after	 12	months	 of	 age,	 because	 its	 composition	 is	

significantly	 different	 to	 breastmilk	 and	 infant	 formula,	 and	 its	 use	 can	 lead	 to	 iron	

deficiency.131,	449	Another	consideration	is	cow’s	milk	protein	allergy,	which	is	associated	with	
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TTP.170	We	did	not	find	infant	formula	to	be	a	risk	factor,	even	though	it	usually	contains	cow’s	

milk.	This	could	be	due	to	the	differences	in	its	content,	or	the	use	of	hypoallergenic	and	dairy-

free	 varieties.	 Infant	 consumption	 of	 cow’s	 milk	 also	 supports	 a	 different	 microbiome	

composition,450	which	could	promote	pathogen	colonization	leading	to	COME.		

A	 recent	systematic	 review	concluded	that	children	with	COME	have	a	high	prevalence	of	

reflux,	and	suggested	that	aspiration	of	pepsin	into	the	airways	may	result	in	an	inflammatory	

response	in	the	middle	ear	cavity.151	Frequent	reflux	and	colic	were	not	significant	in	our	final	

model	and	may	only	be	related	to	COME	via	other	risk	factors.		

Study	limitations	need	to	be	considered.	The	cases	were	referred	for	surgery,	so	they	may	not	

represent	 all	 preschool	 children	 with	 COME.	 Retrospective	 case–control	 designs	 have	 a	

potential	for	selection	bias	and	recall	bias.	Selection	bias	was	mitigated	by	recruiting	controls	

from	 practices	 that	 had	 recently	 referred	 preschoolers	 for	 surgery	 and	 by	 having	 a	 high	

participation	 rate.	 Differential	 recall	 bias	 was	 mitigated	 with	 the	 use	 of	 a	 standardized	

questionnaire	using	validated	questions	where	available.	While	NZDep	is	a	useful	indicator	of	

deprivation,	it	reflects	data	from	a	small	area	of	houses	rather	than	specific	households.	A	

major	strength	of	the	study	is	that	an	otorhinolaryngologist	confirmed	disease	presence	at	

surgery,	 which	 is	 preferable	 to	 relying	 on	 medical	 history	 or	 tympanometry	 alone.	

Furthermore,	a	comprehensive	range	of	risk	factors	were	explored	and	the	sample	size	was	

relatively	large,	allowing	us	to	have	confidence	in	these	findings.		
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4.5 Conclusion		

Our	results	support	well-established	risk	factors	for	COME	relating	to	exposure	to	infection,	

specifically	URI,	daycare	attendance,	and	sibling	TTP.		

There	 is	 growing	 interest	 in	 how	 respiratory	microbiota	may	 support	 the	 immune	 system	

against	 conditions	 such	 as	 COME.	More	 investigation	 is	 required	 to	 confirm	whether	 our	

results	 regarding	older	 siblings,	prolonged	 labour	 (with	associated	antibiotic	use),	and	 the	

timing	of	cow’s	milk	introduction	reflect	effects	on	the	commensal	microbiota.		

We	postulate	that	biofilms	in	the	nose	and	NP	link	nasal	obstruction,	snoring,	and	COME.	The	

child’s	nose	or	NP	is	first	colonized	by	otopathogenic	bacteria	that	form	biofilms.	The	resulting	

chronic	inflammation	may	cause	nasal	obstruction	and	snoring,	but	fails	to	fully	suppress	the	

biofilm	infection.	The	otopathogens	pass	up	the	Eustachian	tube	to	the	middle	ear,	a	risk	that	

is	compounded	by	viral	infection,	and	form	biofilms	again	in	the	middle	ear.	This	may	produce	

chronic	 inflammation	 in	 the	middle	 ear,	 i.e.	 COME.	 Research	 on	 the	 association	 between	

bacterial	biofilms	in	the	nose	and	NP,	nasal	obstruction,	and	COME	is	required	to	test	this	

hypothesis.		
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5 Higher	serum	25(OH)D	concentration	is	associated	with	lower	risk	

of	chronic	otitis	media	with	effusion:	a	case–control	study		

This	chapter	was	published	as:	

Walker	RE,	Bartley	J,	Camargo	CA,	Flint	D,	Thompson	J,	Mitchell	EA.	Higher	serum	25	(OH)	D	

concentration	is	associated	with	lower	risk	of	chronic	otitis	media	with	effusion:	a	case	

control	study.	Acta	Paediatr.	2017.	

5.1 Introduction		

Otitis	media	with	effusion	(OME)	is	a	common	childhood	condition	that	has	been	reported	to	

affect	80–90%	of	children	before	school	age.29,	30	If	the	effusion	remains	for	three	or	more	

months,	then	 it	 is	defined	as	chronic	otitis	media	with	effusion	(COME),	the	prevalence	of	

which	has	been	estimated	to	be	between	4	and	6%	in	two-year-old	children.5,	451	COME	is	

associated	with	learning	difficulties,	behavioural	problems	and	developmental	delays	arising	

from	prolonged	hearing	loss.54	

Treatment	options	for	COME	are	controversial.	Tympanostomy	tube	placement	provides	a	

small	temporary	improvement	in	hearing	for	up	to	6	months;	however,	complications	may	

occur.57	Adenoidectomy	is	only	recommended	for	children	at	least	4	years	old,	or	where	nasal	

obstruction	 or	 chronic	 adenoiditis	 are	 also	 present.54	 Although	 systemic	 antibiotics	 may	

reduce	 the	duration	of	 the	effusion,452	 they	are	not	 recommended.54	The	effectiveness	of	

vaccines	 against	 COME	 has	 not	 been	 established.453	 The	 seven-valent	 pneumococcal	

conjugate	vaccine	and	the	10-valent	pneumococcal	conjugate	vaccine	have	been	successful	
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in	 decreasing	 the	 carriage	 of	 covered	 serotypes	 of	 Streptococcus	 pneumoniae	 in	 the	 NP;	

however,	 there	has	 been	 an	 increase	 in	 the	 carriage	of	 noncovered	 serotypes	 and	of	 the	

otopathogens	Staphylococcus	aureus	and	nontypeable	Haemophilus	influenzae,58	leading	to	

concern	 that	 eradication	 of	 vaccine-covered	 serotypes	 may	 result	 in	 more	 damaging	

pathogens	filling	their	niche.59		

There	is	evidence	that	vitamin	D	supplementation	may	help	to	prevent	asthma	exacerbations	

and	acute	respiratory	infections	while	reducing	inflammation.88,	91	A	recent	RCT	in	children	

with	 low	 circulating	 serum	 25-hydroxyvitamin	 D	 (25(OH)D)	 concentration	 found	 that	

supplementation	 halved	 the	 risk	 of	 upper	 respiratory	 tract	 infections.89	 One	 case–control	

study	has	compared	serum	25(OH)D	concentration	in	children	with	middle	ear	effusion	and	

those	without.	The	mean	25	(OH)D	concentration	was	lower	in	the	cases;	however,	the	result	

was	 not	 statistically	 significant	 and	 the	 authors	 noted	 that	 a	 larger	 study	 was	 needed.	

Additionally,	the	cases	and	controls	were	all	candidates	for	adenotonsillectomy.344	No	such	

study	has	been	performed	using	healthy	controls.	Examining	the	related	condition	acute	otitis	

media	(AOM),	a	RCT	found	that	supplementation	reduced	the	risk	of	recurrent	AOM	(RAOM)	

in	children,	especially	once	circulating	25(OH)D	concentration	was	elevated	to	30	ng/mL	(75	

nmol/L),103	and	another	study	found	that	25(OH)D	concentration	was	significantly	higher	in	

healthy	controls	than	in	children	with	RAOM.102		

Given	 prior	 findings	 showing	 that	 vitamin	 D	 supplementation	 and	 higher	 serum	 25(OH)D	

concentration	are	associated	with	 lower	risk	of	acute	respiratory	 infection	and	RAOM,	we	

hypothesised	 that	 higher	 serum	 25(OH)D	 concentration	 would	 also	 be	 associated	 with	 a	

reduced	risk	of	COME.		
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5.2 Patients	and	methods	

As	 previously	 described,	 a	 case–control	 study	 of	 children	 aged	 three	 and	 four	 years	 was	

conducted	 in	 Auckland,	 New	 Zealand	 (latitude	 36°S).422	 Briefly,	 the	 cases	 were	 children	

diagnosed	with	COME,	who	had	been	referred	for	tympanostomy	tube	placement,	and	the	

controls	were	a	random	selection	of	healthy	children	recruited	from	primary	care	practices.	

Children	were	excluded	from	the	study	if	they	had	craniofacial	abnormalities	such	as	Down	

syndrome	 and	 cleft	 palate,	 or	 immunodeficiency	 disorders	 such	 as	 common	 variable	

immunodeficiency,	 to	 increase	 the	 generalisability	 of	 our	 findings.	 The	 parent	 or	 legal	

guardian	provided	written,	informed	consent	and	then	underwent	a	structured	interview	to	

obtain	 information	 regarding	 socio-demographic	 factors,	 pregnancy	 and	 birth,	 feeding	

practices,	allergy,	nasal	symptoms	and	childcare	environment.	The	ethnicity	categories	were	

Māori,	Pacific,	Asian,	European,	and	Other.	Residential	 address	was	used	 to	assign	a	New	

Zealand	Deprivation	 Index	 (NZDep)	 rating,	 a	 validated	 proxy	measure	 of	 SES,	with	 values	

ranging	from	1	(least	deprived)	to	10	(most	deprived).419		

Venous	blood	samples	were	collected.	Samples	were	stored	at	-80°C	and	batch-	processed	by	

Canterbury	 Health	 Laboratories	 (Christchurch,	 New	 Zealand).	 Total	 serum	 25	 (OH)D	

concentration	was	 analysed	 using	 liquid	 chromatography-tandem	mass	 spectrometry	 (LC-

MS/MS).		

Statistical	 analysis	 was	 conducted	 using	 JMP	 12,	 SAS	 Institute	 Inc.,	 Cary,	 NC,	 1989–2015.	

Categorical	variables	were	analysed	using	a	chi-squared	test,	and	continuous	variables	were	

analysed	using	a	Student’s	t-test.	25(OH)D	concentration	and	season	of	blood	sampling	were	

entered	into	a	multivariable	 logistic	regression	model	along	with	age,	sex,	NZDep,	tobacco	



HIGHER	SERUM	25(OH)D	CONCENTRATION	IS	ASSOCIATED	WITH	LOWER	RISK	OF	CHRONIC	

OTITIS	MEDIA	WITH	EFFUSION:	A	CASE–CONTROL	STUDY	

 187 

smoke	exposure,	 breastfeeding	duration,	 and	ethnicity	which	were	 identified	 as	 potential	

confounding	 variables.	A	 second	multivariable	 logistic	 regression	model	 that	 included	 risk	

factors	previously	 identified	for	COME	(prolonged	 labour,	cow’s	milk	expo-	sure	before	13	

months,	older	siblings,	siblings	with	tympanostomy	tubes,	frequent	colds,	day	care	hours	per	

week,	 frequent	 snoring,	 and	 frequent	 nasal	 obstruction)422	 was	 also	 entered	 into	 a	

multivariable	 logistic	 regression	 model	 with	 age,	 sex,	 NZDep,	 ethnicity,	 tobacco	 smoke	

exposure,	 breastfeeding	 duration,	 season	 of	 blood	 sampling,	 and	 serum	 25(OH)D	

concentration.	A	P	value	of	0.05	or	less	was	considered	to	indicate	statistical	significance.	The	

study	 was	 approved	 by	 the	 Northern	 X	 Regional	 Ethics	 Committee	 (reference	

NTX/11/EXP/027).		

5.3 Results		

Blood	samples	were	taken	from	all	178	enrolled	cases.	Of	 the	209	healthy	controls,	blood	

samples	were	 taken	 from	179	 children	 (86%).	 Compared	 to	 controls	who	did	not	 provide	

blood	 samples,	 controls	who	provided	blood	 samples	were	more	 likely	 to	 be	of	Māori	 or	

Pacific	ethnicity	and	spent	fewer	hours	per	week	in	day	care.	There	was	no	difference	in	the	

other	measured	variables.		

Case	and	control	characteristics	are	shown	in	Table	43.	These	results	resemble	those	from	all	

enrolled	subjects	including	controls	who	did	not	provide	blood	samples	(n	=	387),	which	have	

been	discussed	previously.		
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Table	43:	Characteristics	and	risk	factors	of	357	preschool	children	with	COME	and	healthy	controls	who	

provided	blood	samples	for	25(OH)D	analysis	

Variable 

Case n (%)                  

n = 178 

Controls n (%)            

n = 179 P value 

Mean age (months) [SD] 47.83 [6.79] 49.31 [6.64] 0.04 

Sex   0.47 

   Female 67 (37.6) 74 (41.3)  

   Male 111 (62.4) 105 (58.7)  

Ethnicity   <0.001 

  European 101 (56.7) 89 (49.7)  

  Asian 7 (3.9) 25 (14.0)  

  Māori 47 (26.4) 37 (20.7)  

  Pacific 22 (12.4) 25 (14.0)  

  Other 1 (0.6) 3 (1.7)  

Mean 25(OH)D concentration [SD] 7.17 [2.24] 7.42 [2.66] 0.34 

Mean NZDep [SD] 5.46 [2.66] 4.75 [2.67] 0.01 

Tobacco smoke exposure   0.02 

  Neither smoke  109 (61.2) 137 (76.5)  

  Mother smokes 15 (8.4) 10 (5.6)  

  Father smokes 19 (10.7) 13 (7.3)  

  Both smoke 35 (19.7) 19 (10.1)  

Mean breastfed duration (months) [SD] 7.40 [6.19] 9.83 [9.26] 0.004 

Season of blood sampling   0.998 

   Summer 35 (19.7) 36 (20.1)  

   Autumn 29 (16.3) 28 (15.6)  

   Spring 53 (29.8) 54 (30.2)  

   Winter 61 (34.3) 61 (34.1)  

Prolonged labour    

   Yes 22 (12.6) 9 (5.0) 0.01 

   No 153 (87.4) 170 (95.0)  

Cow’s milk exposure before 13 months   0.01 

   Yes 107 (60.1) 84 (46.9)  

   No 71 (39.9) 95 (53.1)  

Older sibling   0.05 

   Yes 96 (53.9) 115 (64.2)  

   No 82 (46.1) 64 (35.7)  
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Siblings with tympanostomy tubes   0.005 

   Yes 37 (20.8) 18 (10.1)  

   No 141 (79.2) 161 (89.9)  

4 or more colds in the last 12 months   <0.001 

   Yes 117 (65.7) 58 (32.4)  

   No 61 (34.3) 121 (67.6)  

Mean daycare hours per week [SD] 23.43 [11.59] 21.50 [10.87] 0.108 

Snoring in last 3 months   <0.001 

  Never  14 (7.9) 42 (23.6)  

  Seldom 29 (16.3) 48 (27.0)  

  Only with cold 21 (11.8) 31 (17.4)  

  Often 46 (25.8) 32 (18.0)  

  Always 68 (38.2) 25 (14.0)  

Blocked nose in last 12 months   <0.001 

  Only with cold, rarely or never  94 (52.8) 26 (14.5)  

  Always or often 84 (47.2) 153 (85.5)  

	

Mean	 concentration	 of	 25(OH)D	 fluctuated	 seasonally,	 being	 lowest	 in	winter	 (June,	 July,	

August)	 and	 spring	 (September,	October,	November),	 and	 highest	 in	 summer	 (December,	

January,	February),	for	both	cases	and	controls	(both	P	<	0.001:	Figure	5).		



HIGHER	SERUM	25(OH)D	CONCENTRATION	IS	ASSOCIATED	WITH	LOWER	RISK	OF	CHRONIC	

OTITIS	MEDIA	WITH	EFFUSION:	A	CASE–CONTROL	STUDY	

 190 

	

Figure	5:	The	mean	serum	25(OH)D	concentration	(nmol/L)	of	cases	with	COME	and	controls	by	month	seen	

In	an	unadjusted	analysis,	serum	25(OH)D	concentration	(assessed	as	a	continuous	variable	

scaled	to	units	of	10	nmol/L)	was	not	associated	with	COME	(OR	0.96	per	10	nmol/L:	95%	CI	

0.88–1.04).	 Significant	differences	 in	 25(OH)D	 concentration	were	observed	 in	 subjects	 of	

different	ethnicities.	In	the	cases,	Māori	and	Pacific	children	had	lower	concentration	of	mean	

serum	25	(OH)D	than	European	children	(both	P	<	0.001).	Among	the	controls,	mean	serum	

25(OH)D	was	lower	in	Māori,	Pacific,	Asian	and	Other	children	than	in	European	children	(all	

P	<	0.01:	Figure	6).	When	adjusted	solely	for	ethnicity	in	a	multivariable	logistic	model,	higher	

serum	25	(OH)D	concentration	became	significantly	associated	with	a	lower	risk	of	COME	(OR	

0.89	per	10	nmol/L:	95%	CI	0.81–0.98).	
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Figure	6:	The	mean	serum	25(OH)D	concentration	(nmol/L)	of	cases	with	COME	and	controls,	categorised	by	

ethnicity	

In	 a	multivariable	model	 adjusting	 for	 potential	 confounders	 (age,	 sex,	 deprivation	 index,	

ethnicity,	breastfeeding	duration,	tobacco	smoke	exposure,	and	season	of	blood	sampling),	

higher	25(OH)D	concentration	remained	significantly	associated	with	a	lower	risk	of	COME	

(OR	0.86	per	10	nmol/L;	95%	CI	0.77–0.97)	(Table	44).	Adding	previously	identified	risk	factors	

(prolonged	 labour,	 cow’s	 milk	 expo-	 sure	 before	 13	 months,	 older	 siblings,	 siblings	 with	

tympanostomy	 tubes,	 frequent	 colds,	 day	 care	 hours	 per	 week,	 frequent	 snoring	 and	

frequent	 nasal	 obstruction)422	 to	 this	model	 did	 not	 alter	 the	 association	 between	 higher	

serum	25(OH)D	concentration	and	a	lower	risk	of	COME	(OR	0.81	per	10	nmol/L;	95%	CI	0.70–

0.93).		
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Table	44:	Risk	factors	for	COME	in	a	multivariable	model	adjusted	for	potential	confounders	

Variable Adjusted OR P value 

Age (months) 0.96 (0.93, 0.99) 0.02       

Sex   

   Female 1.0 0.48 

   Male 1.18 (0.74, 1.89)  

Ethnicity  0.002 

  European 1.0  

  Asian 0.18 (0.06, 0.46)  

  Māori 0.85(0.47, 1.50)  

  Pacific 0.49 (0.23, 1.04)  

  Other 0.13 (0.006, 1.13)  

25(OH)D (per 10 nmol/L) 0.86 (0.77, 0.97) 0.01 

NZDep 1.97 (0.83, 4.71)  0.12 

Tobacco smoke exposure  0.22 

  Neither smoke  1.0  

  Mother smokes 1.74 (0.69, 4.60)  

  Father smokes 1.84 (0.81, 4.25)  

  Both smoke 1.76 (0.89, 3.53)  

Breastfed duration (months) 0.97 (0.94, 1.00) 0.06 

Season of blood sampling  0.86 

   Summer 1.0  

   Autumn 1.12 (0.51, 2.46)  

   Spring 0.89 (0.45, 1.75)  

   Winter 0.83 (0.42, 1.66)  

	

5.4 Discussion		

In	a	case–control	study	of	NZ	preschool	children,	higher	serum	25(OH)D	concentration	was	

associated	with	a	lower	risk	of	COME,	after	adjusting	for	potential	confounders	and	previously	

identified	risk	factors.	This	is	a	novel	finding	in	relation	to	COME,	that	adds	to	the	literature	

regarding	the	likely	beneficial	effects	of	25(OH)D	on	respiratory	infections	and	their	sequelae.		
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Established	determinants	of	serum	25(OH)D	concentration	include	season	and	ethnicity.143	

The	 typical	 seasonal	 variation	 was	 observed,	 with	 winter	 (June–August)	 and	 spring	

(September–November)	being	associated	with	the	lowest	25(OH)D	concentration.	Māori	and	

Pacific	 children	 were	 found	 to	 have	 lower	 serum	 25(OH)D	 concentration	 than	 European	

children	 among	 the	 cases,	 while	 Māori,	 Pacific,	 Asian	 and	 Other	 children	 had	 lower	

concentration	than	European	children	in	the	controls.	There	were	significantly	more	children	

of	Asian	ethnicity	in	the	control	group	than	in	the	case	group.	These	variations	may	help	to	

explain	 why	 controlling	 for	 ethnicity	 increased	 the	 strength	 of	 the	 association	 observed	

between	serum	25(OH)D	concentration	and	COME.	Although	it	has	been	proposed	that	ethnic	

variation	in	vitamin	D	binding	protein	affinity	and	concentration	may	affect	the	proportion	of	

25(OH)D	that	is	free	or	bioavailable,454	which	could	also	have	contributed	to	explaining	our	

finding,	it	has	more	recently	been	shown	that	total	serum	25(OH)D	does	correlate	closely	to	

free	 25(OH)D	 regardless	 of	 ethnicity,	 at	 least	 in	 populations	 with	 African	 or	 European	

ancestry.455	We	did	not	measure	 free	or	bioavailable	25(OH)D	as	 it	 is	difficult	 to	measure	

directly.		

The	association	observed	between	higher	serum	25(OH)	D	concentration	and	reduced	risk	of	

COME	may	 in	 part	 reflect	 a	 protective	 effect	 of	 higher	 serum	 25(OH)D	 concentration	 on	

conditions	that	often	precede	COME,	such	as	URI	and	AOM.89,	91,	103,	344	Episodes	of	AOM	in	

the	last	three	months	put	children	at	a	higher	risk	of	developing	COME,456	although	OME	also	

frequently	 occurs	 independently	 of	 AOM.5	While	 we	 did	 control	 for	 frequent	 URI	 in	 our	

multivariable	 model,	 we	 did	 not	 control	 for	 frequent	 AOM	 because	 it	 was	 felt	 that	 this	

condition	was	too	closely	associated	with	our	outcome	measure.	Further	research	is	needed	

to	 separate	 the	 potential	 protective	 effects	 of	 high	 serum	 25(OH)D	 concentration	 on	 the	
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development	 of	 AOM	and	 COME.	Higher	 25(OH)D	 concentration	 could	 reduce	 the	 risk	 of	

COME	through	modulation	of	the	immune	system	and	bactericidal	activity.	The	presence	of	

vitamin	D	receptors	VDRs	in	immune	cells	throughout	the	body	indicates	that	vitamin	D	has	

wide-reaching	effects	on	the	immune	system.334,	335	When	these	immune	cells	are	exposed	to	

invading	pathogens,	they	increase	both	their	conversion	of	vitamin	D	to	its	active	form	and	

their	production	of	VDRs,	which	bind	to	the	active	vitamin	D	and	induce	the	expression	of	

cathelicidin,	an	antimicrobial	peptide.98,	99	High	25(OH)	D	concentration	correlates	with	high	

cathelicidin	 expression	 in	 vitro,	 and	 vitamin	 D	 supplementation	 causes	 an	 increase	 in	

cathelicidin	expression.457	Cathelicidin	is	important	in	killing	invading	pathogens.	In	an	animal	

model,	 cathelicidin	 was	 effective	 against	 nontypeable	Haemophilus	 influenzae,	Moraxella	

catarrhalis	and	Streptococcus	pneumoniae,	the	key	bacteria	involved	in	COME.95	Cathelicidin	

has	also	been	shown	in-vitro	to	break	down	Staphylococcus	aureus.96,	97,	458	Serum	25(OH)D	

concentration	is	 inversely	correlated	with	the	risk	of	Staphylococcus	aureus	carriage	in	the	

nose.459	Vitamin	D	also	suppresses	inflammatory	response	via	the	NF-κB	pathway,	without	

reducing	the	effectiveness	of	pathogen	suppression	overall.91	This	alteration	to	the	immune	

response	 in	 the	 presence	 of	 sufficient	 vitamin	 D	may	 protect	 the	 host	 from	 overzealous	

inflammatory	responses,	such	as	the	proliferation	of	middle	ear	effusion	seen	in	COME.		

5.5 Conclusion	 	

We	found	that	preschool	children	with	higher	25(OH)D	concentration	had	a	reduced	risk	of	

having	COME	after	adjustment	for	potential	confounding	factors.	Higher	vitamin	D	status	may	

promote	an	effective	but	less	inflammatory	immune	response	to	viruses	and	bacteria	in	the	

middle	ear,	and	in	COME	precursor	locations	such	as	the	nose	and	NP.	Vitamin	D	status	can	
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be	 modified	 by	 changes	 in	 sun	 exposure,	 diet,	 and	 supplementation.	 If	 our	 results	 are	

confirmed	in	future	studies,	these	different	interventions	may	provide	a	useful	approach	for	

both	clinical	treatment	and	population-level	prevention	measures	for	COME.		
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6 Nasal	microbial	composition	is	associated	with	chronic	otitis	media	

with	effusion	in	preschool	children:	a	case-control	study	

This	chapter	to	be	published	as:	

Walker	RE,	Walker	CW,	Camargo	CA,	Bartley	J,	Flint	D,	Thompson	J,	Mitchell	EA.	Nasal	

microbial	composition	is	associated	with	chronic	otitis	media	with	effusion	in	preschool	

children:	a	case-control	study	

6.1 Background	

The	relevance	of	the	microbiota	of	the	nasal	passages	to	chronic	otitis	media	with	effusion	

(COME)	is	not	known.	Commensal	bacteria	provide	resistance	against	pathogen	overgrowth	

by	competing	for	nutrients	and	binding	sites,	producing	antimicrobials,	disrupting	bacterial	

biofilms,	 and	 inducing	 the	 host’s	 immune	 system.77,	 460	 The	 nasal	microbiota	may	 help	 to	

protect	against	the	spread	of	pathogens	from	the	nasal	passages	to	the	middle	ear,	a	key	step	

in	the	pathogenesis	of	COME.	

COME	is	diagnosed	when	fluid	gathers	behind	the	tympanic	membrane	for	three	months	or	

longer.1,	2	The	hearing	loss	associated	with	COME	is	of	concern	due	to	the	impact	it	has	on	

language	acquisition,	and	the	increased	risk	of	learning	delays	and	behavioural	problems.42	

COME	 is	 characterized	 by	 the	 presence	 of	 otopathogens	 in	 the	 middle	 ear,	 specifically	

Streptococcus	pneumoniae,	non-typeable	Haemophilus	influenzae,	Moraxella	catarrhalis,	and	

to	a	lesser	extent	Staphylococcus	aureus.376	
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Although	these	otopathogens	can	colonise	the	upper	respiratory	tract	asymptomatically	as	

pathobionts,	 in	 some	 circumstances	 they	 become	 infectious	 and	 ascend	 from	 the	 nasal	

passages	through	the	Eustachian	tube	to	the	middle	ear	and	cause	otitis	media.	Factors	that	

may	affect	 the	microbial	composition	and	thereby	 increase	the	risk	of	 this	 transition	 from	

colonisation	 to	 infection	 include	 upper	 respiratory	 infection	 (URI),	 antibiotic	 use,	 season,	

having	siblings,	attending	daycare,	and	exposure	to	smoke.379	

URI	often	precedes	otitis	media,	and	can	disrupt	the	airway	microbiota.	Viruses	may	promote	

adherence	 and	 virulence	of	 otopathogens461	 by	disrupting	 the	 airway	epithelial	 barrier,462	

decreasing	 mucociliary	 clearance,68	 inducing	 the	 host	 to	 supply	 nutrients	 to	 pathogenic	

bacteria,463	and	provoking	pathogen	biofilms	to	release	virulent	dispersed	bacteria.464	Viruses	

can	 also	 weaken	 the	 innate	 and	 adaptive	 immune	 response,	 decreasing	 antimicrobial	

peptides465	and	suppressing	macrophage	activity.70,	71	

There	is	an	increased	risk	of	COME	in	winter,	when	URI	is	more	common	and	25(OH)-vitamin	

D	concentration	is	reduced.	We	have	previously	reported	lower	25(OH)D	concentration	to	be	

associated	 with	 an	 increased	 risk	 of	 COME	 independently	 of	 URI,	 which	 may	 reflect	 a	

protective	effect	of	increased	vitamin	D	levels	against	bacterial	infection.466	Lower	levels	of	

vitamin	 D	 are	 associated	with	 increased	 detection	 of	 S.	 aureus	 in	 the	 nose	 by	 culture.459	

Season	has	also	been	associated	with	differences	in	nasopharyngeal	microbiota.467,	468	

Moreover,	low	bacterial	diversity	in	a	niche	is	usually	a	marker	of	disease,379	and	has	been	

linked	to	an	increased	risk	of	the	related	condition,	acute	otitis	media	(AOM).373,	377	Higher	

abundance	of	Haemophilus,	Moraxella,	and	Neisseria	in	the	nose	has	also	been	found	to	be	

associated	with	an	increased	risk	of	AOM.72	Conversely,	lower	abundance	of	Staphylococcus,	
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Corynebacterium,	 Propionibacterium,	 Streptococcus	 (usually	 not	 S.	 pneumoniae)	 and	

Lactococcus	has	been	found	in	children	with	AOM.72,	373,	377	

Due	 to	 the	 complexity	 of	microbial	 data	 and	 bacterial	 interactions,	 patterns	 of	microbial	

composition	 are	 often	 used	 to	 analyse	 respiratory	 bacteria.	 Nasal	 microbiota	 profiles	

characterized	 by	 Moraxella,	 Streptococcus,	 or	 Haemophilus	 have	 been	 reported	 to	 be	

associated	with	URI,378,	468	asthma,469	AOM,378	pneumonia,	or	bronchiolitis.413,	470	Protective	

profiles	 may	 also	 be	 emerging,	 with	 those	 dominated	 by	 Staphylococcus,	 Sphingobium,	

Corynebacterium,	or	Dolosigranulum	having	been	associated	with	a	reduced	risk	of	AOM373,	

378	or	asthma.468	

To	 address	 the	 knowledge	 gap,	 we	 aimed	 to	 study	 whether	 certain	 nasal	 microbial	

compositions	are	more	likely	to	protect	the	host	from	otopathogen	overgrowth	in	the	nasal	

passages,	 and	 in	 turn	 to	 reduce	 the	 risk	 of	 otopathogens	 ascending	 to	 the	 middle	 ear.	

Accordingly,	 we	 hypothesized	 that	 COME	 would	 be	 associated	 with	 a	 less	 diverse	 nasal	

microbiome;	 with	 higher	 relative	 abundance	 of	 the	 otopathogens	 H.	 influenzae,	 S.	

pneumoniae,	 and	 M.	 catarrhalis;	 and	 lower	 relative	 abundance	 of	 the	 commensals	 S.	

epidermidis,	 Corynebacterium,	 Propionibacterium,	 Dolosigranulum,	 Lactococcus,	

Lactobacillus,	and	the	alpha	haemolytic	Streptococci	(AHS)	spp.	The	latter	commensals	have	

been	associated	with	improved	health	outcomes	in	other	related	conditions	including	AOM.72		
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6.2 Methods	

6.2.1 Study	Design	and	Setting	

As	previously	described,	a	case-control	study	of	children	aged	3	and	4	years	was	conducted	

in	Auckland,	New	Zealand,	to	compare	children	with	COME	to	healthy	children.422	

Briefly,	recruitment	and	data	collection	were	conducted	between	May	2012	and	November	

2013.	Cases	were	children	aged	3	or	4	years	referred	for	tympanostomy	tube	placement	(TTP),	

who	 had	 a	 recent	 medical	 history	 of	 COME	 and/or	 signs	 of	 COME	 confirmed	 by	 an	

otorhinolaryngologist	 during	 surgery.	 Controls	 were	 selected	 at	 random	 from	 children	

enrolled	 in	primary	care	practices	 that	had	 referred	children	 for	TTP	 in	 the	previous	year.	

Controls	were	aged	3	or	4	years,	had	no	medical	history	of	TTP,	no	episodes	of	otitis	media	

with	effusion	lasting	longer	than	one	month	in	the	past	year,	and	never	had	otitis	media	with	

effusion	 lasting	 longer	 than	 three	months.	 Cases	 and	 controls	were	 excluded	 if	 they	 had	

craniofacial	abnormalities	or	immunodeficiency.	

6.2.2 Ethics		

The	 parent	 or	 legal	 guardian	 provided	 written	 consent.	 The	 study	 was	 approved	 by	 the	

Northern	X	Regional	Ethics	Committee	(reference	NTX/11/EXP/027)	

6.2.3 Specimens	

Nasal	swabs	were	collected	from	cases	and	controls.	A	sterile	paediatric	FLOQ	swab	(Copan,	

California,	USA)	moistened	with	saline	was	 inserted	 into	the	anterior	nares.	The	swab	was	

rotated	in	each	nostril	three	times	and	placed	into	a	2ml	tube	of	sterile	STGG	medium	(skim	
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milk,	oxoid	tryptone	soya	broth,	glucose,	and	glycerol).423	Sterile	scissors	were	used	to	cut	the	

swab	tip	and	samples	were	placed	in	an	ice	bucket	and	then	stored	at	-80	degrees.	

6.2.3.1 DNA	extraction	

DNA	was	extracted	 from	nasal	samples	and	negative	controls	using	the	Qiagen	Allprep	kit	

(Qiagen,	California,	USA).	 Samples	were	 centrifuged	at	 full	 speed	 for	10	minutes	 to	pellet	

microbial	cells,	the	supernatant	was	discarded,	and	pellets	were	re-suspended	in	700µL	of	

buffer	RLT	Plus	(including	beta-mecaptoethanol).	Samples	were	homogenised	utilising	0.7mm	

garnet	beads	(Mobio,	Carlsbad,	USA)	and	a	Tissuelyser	II	(Qiagen,	California,	USA)	set	for	4	

minutes	at	30Hz.	Samples	were	then	centrifuged	to	pellet	cellular	debris	and	the	supernatant	

was	 used	 for	 DNA	 extraction	 according	 to	 the	 manufacturer’s	 instructions	 with	 one	

modification:	at	the	DNA	elution	step	the	column	was	incubated	at	room	temperature	for	5	

minutes	 before	 centrifuging	 to	 elute	 DNA	 from	 the	 column.	 All	 DNA	 samples	 were	 then	

purified	using	Agencourt	Ampure	beads	(Beckman	Coulter,	California,	USA).	DNA	purity	was	

assessed	 using	 spectrophotometry	 (Nanodrop,	 ThermoFisher,	 Auckland,	 NZ)	 and	 DNA	

quantity	was	assessed	using	a	Qubit	(Life	Technologies,	Auckland,	NZ).	

6.2.3.2 PCR	and	Sequencing	

The	 variable	 region	 of	 the	 16S	 ribosomal	 gene	was	 PCR	 amplified	 using	 primers	 27F	 (5’-	

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG-3’)	 and	 534R	 (5’-	

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-3’)	 to	 target	 the	 V1-3	 region.	 The	 Roche	

Expand	 High	 Fidelity	 enzyme	 was	 used	 to	 amplify	 the	 target	 region	 using	 an	 Eppendorf	

thermal	cycler.	The	PCR	reaction	volume	was	25	μL,	consisting	of	0.5	μM	of	each	primer,	0.5µL	

dNTPs	(KAPA),	10%	DMSO.	Cycling	conditions	used	were:	[95°C	for	10	minutes,	(95°C	for	10	
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seconds,	60°C	for	30	seconds)	×	50	cycles,	40°C	for	40	seconds].	Amplicons	were	visualised	on	

a	 1.5%	 agarose	 gel	 to	 confirm	 correct	 product	 size.	 All	 amplicons	 were	 purified	 using	

Agencourt	 Ampure	 beads	 (Beckman	 Coulter,	 California,	 USA).	 Purity	 was	 assessed	 using	

spectrophotometry	 (Nanodrop)	 and	 quantity	 was	 determined	 using	 a	 Qubit	 (Life	

Technologies,	Auckland,	NZ).		

6.2.3.3 Library	preparation	

Sequencing	libraries	were	generated	using	the	Nextera	XT	Index	kit	(Illumina	Inc.,	San	Diego.	

CA,	USA)	and	amplicons	were	sequenced	on	the	Illumina	MiSeq	sequencer.	Three	sequencing	

runs	(96	samples	per	run)	were	performed	in	total	utilising	the	MiSeq	platform	600	cycle	kit	

(300bp	x2	paired-end)	at	the	Centre	for	Genomics,	Proteomics	and	Metabolomics	(CGPM),	

The	University	of	Auckland,	Auckland,	New	Zealand.	

6.2.4 Bioinformatic	processing	

The	USEARCH	64	analysis	pipeline	was	utilized.	Forward	and	reverse	reads	were	merged	for	

each	sample	with	reads	of	less	than	250bp	removed,	a	minimum	merge	length	of	450,	and	a	

minimum	overlap	region	of	50bp.	Paired	reads	were	then	filtered	using	a	minimum	expected	

quality	filter	of	1.0.	Chimeras	were	removed	using	UCHIME.	For	operational	taxonomic	unit	

(OTU)	assignment	the	UPARSE	pipeline424	was	followed	using	a	de	novo	picking	approach	with	

OTUs	assignment	clustered	at	97%	sequence	similarity	to	produce	an	OTU	table.	QIIME	was	

then	used425	where	taxonomy	of	OTUs	was	predicted	using	RDP	classifier	trained	with	the	

Greengenes	dataset	to	build	a	phylogenetic	tree.	A	mock	community	control	and	negative	

controls	were	included	to	assess	the	robustness	of	the	analysis.	
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Statistical	 analysis	 was	 carried	 out	 in	 R	 version	 3.3.3	 (www.r-project.org/)	 using	 the	

Phyloseq,426	vegan,	and	DESeq2	packages.427		

6.2.5 Downstream	analysis	

The	 OTUs	 were	 filtered428	 to	 remove	 contaminants	 including	 chloroplasts,	 mitochondria,	

Methylobacteriaceae,	 Sphingomonadaceae,	 Geobacillus,	 Thermus,	 Anoxybacillus,	

Agrobacterium,	 Curvibacter	 and	 Brevundimonas	 as	 these	 are	 known	 environmental	

contaminants429	 that	were	 found	 in	our	negative	 control	 samples.	OTUs	with	a	 total	 read	

number	less	than	0.005%	of	total	reads	and	samples	containing	less	than	1000	reads	were	

removed.430	Additional	species-level	 identification	was	achieved	by	aligning	representative	

sequences	using	the	Basic	Local	Alignment	Search	Tool	(BLAST).431	Due	to	the	limitations	of	

classification	using	the	16S	rRNA	gene,	these	species	identifications	are	not	definitive	and	will	

need	to	be	confirmed	using	other	techniques	such	as	quantitative	polymerase	chain	reaction	

(qPCR).	

6.2.6 Diversity	analysis	

	Alpha	diversity	was	calculated	using	Shannon	diversity	index	in	the	R	vegan	package.	Least	

square	means	(lsmean)	were	generated	with	95%	confidence	intervals.		

6.2.7 Differential	abundance		

DESeq2	package	from	R	was	used	for	differential	abundance	analysis.	A	Benjamini-Hochberg	

adjustment to	 control	 for	 multiple	 testing	 was	 used.	We	 adjusted	 for	 age,	 ethnicity	 and	

antibiotic	usage	in	the	past	month.	A	two-tailed	P<	.05	was	considered	to	indicate	statistical	

significance.	
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6.2.8 OTU	presence		

For	OTUs	that	were	differentially	abundant,	presence	of	any	reads	was	compared	between	

cases	and	controls	using	a	Chi-square	test	with	a	Benjamini-Hochberg	adjustment to	control	

for	multiple	testing,	and	a	two-tailed	P<	.05	test	for	statistical	significance.	

6.2.9 Cluster	profiling		

OTUs	were	collapsed	at	the	genus	 level	and	transformed	to	relative	abundance.	To	assess	

nasal	microbiota	profiles,	we	partitioned	using	a	medoid	clustering	approach	(PAM)	and	the	

Bray	Curtis	dissimilarity	metric.	Number	of	clusters	was	selected	using	the	Gap	statistic.	

6.3 Results	

6.3.1 Study	population		

Of	the	86	children	with	COME	and	116	healthy	controls	recruited,	73	cases	and	105	controls	

provided	nasal	 samples	 that	were	 included	 in	 the	present	analysis.	Children	who	supplied	

usable	samples	and	those	who	did	not	did	not	different	in	terms	of	the	subject	characteristics	

listed	in	Table	45.	

Table	45:	Characteristics	of	178	children	with	COME	and	healthy	controls	

Variable 

Cases n (%) 

n = 73 

Controls n 

(%) 

n = 105 P value 

Mean age in months [SD] 47.5 [6.7] 49.6 [6.8] 

0.05 

Sex   0.68 

   Female 29 (39.7) 45 (42.9)  

   Male 44 (60.3) 60 (57.1)  

Ethnicity   0.004 
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  European 45 (61.6) 47 (44.8)  

  Asian 3 (4.1) 20 (19.1)  

  Māori 14 (19.2) 19 (18.1)  

  Pacific 11 (15.1) 15 (14.3)  

  Other 0 (0) 4 (3.8)  

Season of nasal sampling   0.72 

   Summer (December-February) 12 (16.4) 14 (13.3)  

   Autumn (March–May) 11 (15.1) 18 (17.1)  

   Winter (June-August) 23 (31.5) 40 (38.1)  

   Spring (September-November) 27 (37.0) 33 (31.4)  

Method of delivery    0.19 

  Unassisted  41 (56.2) 58 (55.2)  

  C-section – elective 6 (8.2) 17 (16.2)   

  C-section – emergency 20 (27.4) 18 (17.1)  

  Instruments 6 (8.2) 12 (11.4)  

Fully vaccinated   0.11 

  No  5 (6.9) 15 (14.4)  

  Yes 68 (93.2) 89 (85.6)  

Mean age of first antibiotic (months) [SD] 10.9 [8.4] 18.8 [10.7] <0.001 

Antibiotics in last month   0.10 

   No 55 (75.3) 88 (87.1)  

   Yes 11 (15.1) 6 (5.9)  

   Unknown 7 (9.6) 8 (7.7)  

Mean daycare hours per week [SD] 24.2 [11.4] 21.2 [10.9] 0.08 

Older siblings 42 (57.5) 64 (61.0) 0.65 

	

The	mean	age	of	the	cases	(47.5	[standard	deviation	(SD)	=	6.7]	months)	was	slightly	younger	

than	that	of	the	controls	(49.6	[SD	=	6.8]	months).	The	cases	were	younger	(10.9	[SD	=	8.4]	

months)	than	the	controls	(18.8	[SD	=	10.7]	months)	when	they	were	first	given	antibiotics	

(P<.001).	There	were	significantly	more	children	of	Asian	ethnicity	in	the	control	group	than	

in	the	case	group	(P=.004).	There	was	no	difference	between	the	cases	and	controls	for	sex,	

method	of	delivery,	antibiotic	exposure	in	the	last	month,	season	seen,		having	older	siblings,	

attendance	at	daycare,	or	being	fully	vaccinated.		
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6.3.2 Microbiota	analysis		

A	total	of	3,606,750	sequences	were	assembled	from	pair-end	reads	across	all	samples.	After	

filtering	 and	 chimera	 removal,	 3,428,213	 sequences	were	 assembled	 into	 300	 OTUs.	 The	

median	number	of	sequences	per	sample	was	21,255	in	the	cases	(range	1,011-80,297)	and	

9,562	 in	 the	 controls	 (range	1,100-82,013).	After	 removal	 of	 samples	with	 less	 than	1000	

reads	the	final	analysis	had	73	nasal	samples	for	children	with	COME	and	105	nasal	samples	

from	healthy	controls.	

6.3.3 Core	microbiome		

The	core	nasal	microbiome,	defined	as	those	OTUs	present	in	over	80%	of	samples,	consisted	

of	 16	 taxa	 including	 (with	 relative	 abundance	 in	 parenthesis):	 Corynebacterium	 (39%),	

Streptococcus	(23%),	Moraxella	(20%),	unknown	Bacilli	(Staphylococcus)	(9%),	Neisseria	(3%),	

and	Alloiococcus	(2%);	see	Figure	7.	
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Figure	7:	The	core	nasal	microbiome	of	children	with	COME	and	healthy	controls	

6.3.4 Diversity		

The	Shannon	diversity	 index	was	 lower	 in	 the	children	with	COME	(lsmean	=	1.62	95%	CI:	

1.43-1.82)	than	in	the	healthy	controls	(lsmean	=	1.88	95%	CI:	1.72-2.03)	(p=0.048)	(Figure	8)		
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Figure	8:	Alpha	diversity	(Shannon	diversity	index)	of	children	with	COME	and	healthy	controls	

6.3.5 Differential	abundance		

The	OTUs	that	were	more	common	in	the	children	with	COME	were	OTU3,	OTU4,	and	OTU6.	

These	were	classified	as	Streptococcus,	Moraxella,	and	H.	influenzae	respectively	(Figure	9).	

Examining	their	representative	sequences	on	BLAST,	the	sequences	were	likely	matches	for	

S.	pneumoniae	(but	also	matched	S.	oralis,	S.	mitis,	and	S.	infantis	at	99%),	and	M.	catarrhalis	

(but	also	matched	M.	caprae	at	99%).	
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Figure	9:	Differential	abundance	of	nasal	microbiota	in	children	with	COME	and	healthy	controls	

All	three	of	the	OTUs	that	had	greater	abundance	in	the	cases	were	also	found	to	be	present	

in	a	majority	of	the	control	samples	(Table	46).	OTU6	(H.	influenzae)	was	found	in	68%	of	the	

cases	and	52%	of	the	controls,	OTU3	(Streptococcus)	was	found	in	99%	of	the	cases	and	100%	

of	the	controls	and	OTU4	(Moraxella)	was	found	in	92%	of	the	cases	and	85%	of	the	controls.	

No	statistically	significant	differences	were	observed	between	detection	of	these	OTUs	in	the	

cases	compared	to	the	controls.	
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Table	46:	Presence	of	differentially	abundant	OTUs	in	samples	with	COME	and	healthy	controls	

OTU Bacteria Case (%) Control 

(%) 

P value Adjusted 

P value 

OTU3 Streptococcus (S. 

pneumoniae/mitis group) 

98.7 100 0.18 0.23 

OTU4 Moraxella (M. catarrhalis) 91.8 85.7 0.21 0.24 

OTU6 Haemophilus influenzae 68.5 52.4 0.03 0.05 

OTU73 Lactococcus (L. lactis) 27.4 58.1 <0.001 0.001 

OTU586 Streptococcus (mitis group) 75.3 87.6 0.04 0.05 

OTU26 Lautropia 54.8 74.3 0.007 0.02 

OTU22 Streptococcus (S. thermophilus) 78.1 91.4 0.01 0.02 

OTU25 Neisseria 75.3 89.5 0.01 0.02 

OTU219 Capnocytophaga 27.0 49.0 0.004 0.02 

OTU1829 Streptococcus (S. sanguinis) 71.2 75.2 0.55 0.55 

OTU522 Streptococcus infantis 93.2 90.4 0.40 0.43 

OTU8 Propionibacterium acnes 84.9 95.2 0.02 0.03 

OTU107 Unknown(Oxalobacteraceae) 27.4 52.4 <0.001 0.006 

OTU127 Unknown(Oxalobacteraceae) 24.7 43.8 0.008 0.02 
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The	taxa	that	were	more	common	in	the	healthy	controls	were	three	Streptococcus	OTUs	of	

uncertain	species,	Streptococcus	infantis,	Propionibacterium	acnes,	Lactococcus	sp.,	Neisseria	

sp.,	Lautropa	sp.,	Capnocytophaga	sp.,	and	two	Oxalobacteraceae	OTUs.	

6.3.6 Cluster	profiles		

The	 nasal	 microbiota	 clustered	 into	 4	 distinct	 profiles	 consisting	 of	 a	 Corynebacterium-

dominated	cluster	(case:	40%,	control	27%),	a	Streptococcus-dominated	cluster	(case:	19%,	

control	15%),	a	Moraxella-dominated	cluster	(case:	27%,	control	19%),	and	a	cluster	with	a	

mixed	profile	(case:	14%,	control	39%)	(Figure	10).		

	

Figure	10:	Community	structure	type	(CTS)	of	the	nasal	microbiota	of	children	with	COME	and	healthy	controls	
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In	 an	 unadjusted	 analysis,	 Corynebacterium-dominated	 (OR	 4.25	 [95%CI,	 1.84-10.47]),	

Streptococcus-dominated	(OR	3.59	[95%CI,	1.34-9.98]),	and	Moraxella-dominated	(OR	4.10	

[95%CI,	1.64-10.72])	profiles	were	risk	factors	for	COME,	compared	to	a	more	mixed	microbial	

profile.	 When	 controlling	 for	 16	 potential	 confounders	 (age,	 sex,	 deprivation,	 ethnicity,	

prolonged	labour,	method	of	delivery,	exposure	to	cow’s	milk	before	13	months,	frequent	

URI,	antibiotics	in	the	last	month,	season	of	sampling,	older	siblings,	daycare	hours	per	week,	

tobacco	smoke	exposure,	siblings	with	tympanostomy	tubes,	frequent	snoring,	and	frequent	

nasal	 obstruction),	 the	 Corynebacterium-dominated	 (aOR	 8.76	 [95%CI,	 2.33-39.06])	 and	

Streptococcus-dominated	(aOR	10.60	[95%CI,	2.11-64.16])	profiles	remained	associated	with	

COME	compared	to	the	mixed	profile.	By	contrast,	the	Moraxella-dominated	profile	was	no	

longer	associated	with	COME	(aOR	2.95	[95%CI,	0.66-14.90]).	(Table	47)	

Table	47:	Nasal	microbial	profile	as	a	risk	factor	for	COME	in	an	unadjusted	analysis	and	a	multivariable	model	

Variable Unadjusted OR 

(95% CI) 

P value Adjusted OR* 

(95% CI) 

P value 

Cluster profile   

 

  

   Mixed profile 1.00  1.00  

   Corynebacterium-dominated profile 4.25 (1.84-10.47) <.001 8.76 (2.33-39.06) 0.001 

   Streptococcus-dominated profile 3.59 (1.34-9.98) .01 10.60 (2.11-64.16) 0.004 

  Moraxella-dominated profile 4.10 (1.64-10.72) .002 2.95 (0.66-14.90) 0.16 

*adjusted for age, sex, deprivation, tobacco smoke exposure, ethnicity, season of sampling, prolonged labour, method of delivery, exposure 
to cow’s milk before 13 months, antibiotics in the last month, daycare hours per week, older siblings, siblings with tympanostomy tubes, 
frequent URI, frequent snoring, and frequent nasal obstruction 

6.4 Discussion	

In	recent	decades,	there	has	been	a	rapid	evolution	in	our	understanding	of	COME	from	a	

sterile	condition	to	one	in	which	pathogens	in	the	middle	ear	play	a	central	role.405	At	the	

same	 time,	 we	 have	 come	 to	 appreciate	 the	 importance	 of	 commensal	 microbes	 in	
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respiratory	health	and	their	ubiquity	throughout	the	respiratory	tract,	including	in	the	healthy	

middle	ear.379,	400		

We	investigated	the	nasal	microbiota	due	to	the	non-invasive	nature	of	swab	collection	from	

the	anterior	nares,	and	because	of	 the	 likelihood	that	 the	nose	 is	a	precursor	 location	 for	

COME	much	like	the	NP.	Our	findings	that	the	nasal	microbiota	of	preschool	children	with	

COME	had	lower	diversity,	higher	relative	abundance	of	otopathogens,	and	a	lower	relative	

abundance	of	commensal	bacteria	than	those	of	healthy	controls	supports	this	new	paradigm	

in	 which	 the	 composition	 of	 the	 respiratory	 tract	 microbiota	 provides	 a	 window	 into	 its	

health.	To	our	knowledge,	we	are	the	first	 to	determine	the	association	between	a	child’s	

nasal	microbial	profile	and	COME.		

A	more	diverse	microbiota	 is	one	that	contains	a	higher	number	of	species	 that	are	more	

evenly	spread	in	their	relative	abundance.	Findings	of	higher	alpha	diversity	are	often,	but	not	

always,	 associated	 with	 a	 lower	 risk	 of	 infectious	 disease.379	 Our	 finding	 that	 COME	was	

associated	with	low	nasal	diversity	may	reflect	well-balanced	microbiota	exhibiting	a	higher	

resilience	to	infection,	however	the	causal	direction	of	such	relationships	has	not	been	fully	

established.379	 It	 could	equally	 signify	 that	a	bacterial	 infection	 that	 led	 to	COME	has	also	

caused	an	overgrowth	of	pathogenic	bacteria	in	the	nose,	which	would	result	in	lower	alpha	

diversity	by	reducing	the	evenness	of	bacterial	abundance.	

S.	pneumoniae,	non-typeable	H.	influenzae	and	M.	catarrhalis	are	the	three	main	bacterial	

pathogens	that	have	been	identified	in	relation	to	COME,65	and	together	with	S.	aureus	these	

bacteria	are	commonly	detected	in	the	middle	ear	effusion	of	children	with	OM.369,	376,	396,	397,	

471	Specific	strains	of	these	otopathogens	are	shared	between	the	NP	and	the	middle	ear.370	
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We	found	that	children	with	COME	had	higher	levels	of	H.	influenzae,	a	Streptococcus	OTU	

matching	 S.	 pneumoniae	 (among	 other	 species),	 and	 a	 Moraxella	 OTU	 resembling	 M.	

catarrhalis.	These	correlations	may	indicate	that	overgrowth	of	these	pathogens	can	spread	

between	the	nasal	passages	and	the	middle	ear.	

Although	these	three	OTUs	had	higher	differential	abundance	in	the	cases	than	the	controls,	

they	 were	 all	 present	 in	 more	 than	 half	 of	 the	 controls.	 These	 OTUs	 may	 therefore	 be	

endogenous	 pathobionts,	 common	 microorganisms	 of	 children’s	 noses	 that	 in	 certain	

circumstances	cause	infection	and	COME.	Examples	of	events	that	may	lead	to	pathobiont	

overgrowth	 include	 URI	 and	 antibiotic	 use,	 which	 can	 disturb	 the	 equilibrium	 of	 the	

microbiome	and	allow	for	pathobionts	to	become	infectious.379	

We	also	found	that	certain	commensal	bacteria	were	more	common	in	our	healthy	controls.	

These	included	several	AHS	spp.,	a	Lactococcus	sp.,	and	Propionibacterium	acnes.	AHS	have	

been	reported	to	help	to	prevent	otopathogen	infection380,	472-476	and	OM.380,	472,	477-482	Nasal	

Lactococcus	 also	 has	 higher	 relative	 abundance	 in	 healthy	 children	 than	 in	 children	 with	

AOM.72	Propionibacteria	appear	 to	be	protective	against	S.	pneumoniae	 colonisation,	URI,	

and	 OM,	 and	 nasal	 levels	 are	 inversely	 associated	 with	 levels	 of	 S.	 pneumoniae	 and	 S.	

aureus.72,	483,	484	

Our	observation	that	a	mixed	nasal	bacterial	profile	was	associated	with	a	reduced	risk	of	

COME	compared	to	profiles	dominated	by	Corynebacterium,	Streptococcus,	or	Moraxella	has	

not	 previously	 been	 reported	 in	 relation	 to	 otitis	 media.	 This	 finding	 may	 reflect	 risk	

associated	 with	 overgrowth	 of	 otopathogens.	 However,	 Corynebacterium	 is	 usually	

considered	 to	be	a	 commensal.	Alternatively,	 it	may	 indicate	 that	a	more	mixed	profile	 is	
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protective	against	 infection.	Adult	profiles	tend	to	be	more	mixed,	more	stable,	and	more	

resistant	to	infection	that	those	of	children.485,	486	The	higher	rates	of	the	mixed	profile	in	our	

healthy	 controls	 may	 reflect	 an	 earlier	 maturation	 of	 a	 stable	 nasal	 microbial	 profile,	

compared	to	a	more	delayed	microbial	maturation	in	children	with	COME.	

RCTs	 involving	 ingestion	 or	 nasal	 spray	 of	 live	 beneficial	 bacteria	 called	 probiotics	 have	

demonstrated	 that	 bacterial	 interference	 can	 be	 successful	 in	 reducing	 nasal	 colonisation	

with	otopathogens	to	treat	URIs	and	OM	in	children,487,	488	although	not	all	trials	showed	a	

protective	effect	 for	every	condition.489,	490	Such	studies	 support	 the	plausibility	of	 certain	

microbial	 compositions,	 such	 as	 the	mixed	 bacterial	 profile	 that	 we	 observed,	 helping	 to	

protect	against	disease.	

The	 composition	 of	 commensal	 bacteria	 in	 the	 respiratory	 tract	may	 provide	 a	 degree	 of	

protection	 against	 pathobiont	 infection	 and	 dysbiosis.485,	 491	 However,	 consensus	 has	 not	

been	 reached	 on	 which	 taxa	 are	 beneficial,	 which	 may	 reflect	 differences	 in	 microbiota	

carriage	between	populations	and	limitations	of	sequencing	technology.	Further	research	is	

required	to	determine	the	process	by	which	pathobionts	become	infectious	in	the	respiratory	

tract.	Investigation	of	factors	that	promote	a	more	resilient	microbial	composition	may	lead	

to	new	treatment	avenues	for	respiratory	diseases,	including	COME.	

Limitations	of	16S	rRNA	gene	sequencing	are	that	it	is	unable	to	distinguish	between	live	and	

dead	microbial	DNA	and	is	poorly	suited	to	distinguishing	between	certain	bacteria	below	the	

genus	 level.	 Primers	 can	 be	 biased	 towards	 certain	 bacteria	 genera.	 Contamination	 was	

mitigated	 by	 careful	 collection	 of	 samples,	 processing	 samples	 in	 contained	 laboratory	

conditions,	and	including	negative	controls.	
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6.5 Conclusion	

There	 is	 growing	 interest	 in	 how	 respiratory	microbiota	may	 support	 the	 immune	 system	

against	 conditions	 such	 as	 COME.	 Our	 results	 suggest	 that	 children	 with	 COME	 have	 a	

different	 nasal	 microbiota	 that	 is	 less	 diverse	 than	 healthy	 controls,	 with	 higher	 relative	

abundance	of	otopathogens,	a	lower	level	of	commensals,	and	more	likely	to	have	a	profile	

dominated	by	specific	 taxa.	However,	 the	otopathogens	had	also	colonized	most	controls,	

indicating	 that	 they	 are	 endogenous	 pathobionts.	 Given	 the	 demonstrated	 ability	 of	

commensals	to	interfere	in	pathogen	infection,	it	is	possible	that	a	microbial	shift	in	the	nasal	

passages	from	commensal	dominance	to	pathogen	infection	may	precede	COME.	Such	shifts	

can	be	spurred	by	URIs	and	antibiotic	use.	Disruption	of	microbial	communities	in	the	upper	

respiratory	tract	may	predispose	children	to	COME.	
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7 Elevated	systemic	IL-10	and	TNFα	concentrations	are	associated	

with	chronic	otitis	media	with	effusion	in	preschool	children:	a	

case-control	study		

This	chapter	to	be	published	as:	

Walker	RE,	Tang	MLK,	Bartley	J,	Flint	D,	Thompson	J,	Mitchell	EA.	Elevated	systemic	IL-10	

and	TNFa	concentrations	are	associated	with	COME	in	preschool	children:	a	case-control	

study	

7.1 Introduction	

In	chronic	otitis	media	with	effusion	(COME),	the	presence	of	bacteria	in	the	middle	ear	(ME)	

leads	 to	 an	 excessive	 inflammatory	 response,	 characterised	 by	 a	 secretion	 of	middle	 ear	

effusion	(MEE)	that	persists	for	three	months	or	longer.2	

When	 pathogenic	 bacteria	 enter	 the	 ME,	 their	 pathogen-associated	 molecular	 patterns	

(PAMPs)	can	trigger	the	innate	immune	system’s	toll-like	receptors	(TLRs).	This	leads	to	the	

release	of	pro-inflammatory	cytokines	and	activation	of	transcription	pathways	including	Nf-

kB.492	Higher	concentration	of	IL-1b,	IL-6,	IL-8,	IL-10,	and	TNFa	has	been	found	in	the	MEE	of	

children	with	COME	or	RAOM	who	had	pathogenic	bacteria	in	their	ME	fluid,	compared	to	

those	who	did	not,493	indicating	that	cytokine	concentration	may	be	a	biomarker	for	bacterial	

stimulation	in	the	ME.	We	have	previously	found	higher	serum	25(OH)D	concentration	to	be	

associated	with	a	reduced	risk	of	COME,466	which	may	reflect	the	down-regulation	of	the	Nf-

kB	pathway	by	vitamin	D.	This	process	may	be	mediated	by	suppression	of	pro-inflammatory	

cytokine	TNFa.	
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Cytokine	concentrations	both	locally	in	MEE	and	systemically	in	serum	or	plasma	have	been	

examined	to	explain	the	role	the	innate	immune	system	plays	in	the	development	of	otitis	

media	(OM).	Both	pro-inflammatory	cytokines;	interferon-g	(IFNg),	tumor	necrosis	factor-a	

(TNFa),266	 interleukin-6	 (IL-6),	 and	 interleukin-8	 (IL-8),83	 and	 anti-inflammatory	 cytokines;	

interleukin-4	(IL-4),	interleukin-5	(IL-5),247,	248	interleukin-10	(IL-10),256	interleukin-13	(IL-13),	

and	 interleukin-17	 (IL-17),264	 have	 been	 reported	 in	 various	 subtypes	 of	OM.	 Correlations	

have	also	been	observed	between	cytokines,	severity	measured	by	multiple	tube	placement,	

age,	 eosinophils,	 and	 tobacco	 smoke	 exposure.238,	 249,	 255	 Only	 one	 previous	 study	 has	

compared	serum	cytokine	concentrations	in	children	with	COME	to	healthy	controls.264	Only	

two	cytokines	were	measured	in	that	study,	and	all	of	the	cases	had	antibiotic	treatment	for	

a	month	before	assessment,	which	may	have	affected	cytokine	concentrations.494	

Identification	 of	 associations	 between	 cytokine	 levels	 and	 COME	 may	 contribute	 to	 our	

understanding	of	why	an	excessive	inflammatory	response	occurs	in	some	children	and	not	

in	others.	We	proposed	that	preschool	children	with	COME	would	have	a	more	inflammatory	

systemic	cytokine	profile	compared	to	healthy	children.	Serum	concentrations	of	IL-4,	IL-5,	IL-

6,	IL-8,	IL-10,	IL-13,	IL-17a,	MIP-1a,	TNFa,	and	IFNg	were	examined	to	determine	if	they	were	

associated	with	COME.	

7.2 Method	

7.2.1 Subjects	and	setting	

As	previously	described,	we	conducted	a	case-control	study	on	preschool	children	aged	

three	and	four	years	in	Auckland,	New	Zealand.422		The	cases	were	defined	as	children	

having	tympanostomy	tube	placement	due	to	a	diagnosis	of	COME.	The	controls	were	a	
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random	sample	of	healthy	children	recruited	from	primary	care	practices.	Cases	and	

controls	were	excluded	from	the	study	if	they	had	craniofacial	abnormalities	including	Down	

syndrome	and	cleft	palate,	or	immunodeficiency	disorders	such	as	Common	Variable	

Immunodeficiency,	to	increase	the	generalizability	of	our	findings.	The	child’s	legal	guardian	

provided	written,	informed	consent.	An	interview	administered	questionnaire	to	obtain	

information	regarding	socio-demographic	factors,	pregnancy	and	birth,	feeding	practices,	

allergy,	nasal	symptoms,	and	childcare	environment	was	given.	A	physical	examination	

including	the	child’s	height	and	weight,	aural	temperature,	and	skin	prick	test	for	atopy	was	

also	included.		

7.2.2 Blood	collection	and	storage	

Venous	blood	samples	were	collected	in	a	BD	serum-separating	tube	and	transported	on	ice	

to	LabPLUS	in	Auckland,	New	Zealand	where	they	were	centrifuged.	The	serum	was	stored	at	

-80°C	 until	 processing	 at	 Royal	 Children’s	 Hospital	 in	 Melbourne,	 Australia.	 Serum	

concentration	 of	 IL-4,	 IL-5,	 IL-6,	 IL-8,	 IL-10,	 IL-13,	 IL-17,	 MIP-1a,	 TNFa,	 and	 IFNg	 were	

measured	using	a	Millipore	MILLIPLEX®	MAP	HSTCMAG-28SK	(Merck	Millipore,	Billerica,	MA,	

USA)	multiplex	bead	array	assay,	on	 the	Luminex	 IS	2.3	 (Luminex	Corporation,	Austin,	TX,	

USA).	 Duplicate	 assays	 of	 351	 samples	 (175	 cases	 and	 176	 controls)	 were	 performed	

according	to	the	manufacturer’s	instructions.	The	assays	were	performed	in	duplicate	and	the	

coefficients	 of	 variation	 (CVs)	 recorded.	 Each	 cytokine	 concentration	 was	 then	 averaged.	

Samples	with	 cytokines	 under	 the	 lower	 limit	 of	 detection	 (LLOD)	were	 assigned	 a	 value	

halfway	between	zero	and	the	LLOD.	In	cases	where	one	value	was	below	the	LLOD	and	the	

other	reading	was	above,	we	used	the	value	above	the	LLOD.	
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7.2.3 Statistical	analysis	

The	 median	 and	 interquartile	 range	 was	 calculated	 for	 each	 of	 the	 cytokines.	 The	 non-

parametric	Kruskal-Wallis	test	was	used	to	test	for	differences	between	the	cases	and	controls	

and	Spearmans	was	used	 to	examine	correlations.	Statistical	analysis	was	carried	out	 in	R	

version	3.3.3	(www.r-project.org/)	and	JMP	12,	SAS	Institute	Inc.,	Cary,	NC,	1989-2015.	

7.3 Results	

All	 of	 the	 175	 cases	 provided	 blood	 samples.	 Of	 the	 209	 controls,	 blood	 samples	 were	

available	 for	 176	 subjects.	 Compared	 with	 controls	 who	 did	 not	 provide	 blood	 samples,	

controls	that	did	provide	blood	samples	differed	by	ethnicity,	with	Māori,	Pacific	and	Other	

ethnicity	 being	more	 likely	 to	 supply	 a	 blood	 sample	 compared	with	Asian	 and	 European	

children,	 and	 spent	 less	 hours	 per	week	 in	 daycare.	 The	 characteristics	 for	 the	 cases	 and	

controls	are	presented	in	Table	48.	

Table	48:	Characteristics	and	risk	factors	of	351	preschool	children	with	COME	and	healthy	controls	who	

provided	blood	samples	for	cytokine	analyses	

Variable 

Case n (%) 

n = 175 

Controls n (%) 

n = 176 P value 

Mean age in months [SD] 47.83 [6.75] 49.21 [7.06] 

0.04 

Sex   0.47 

   Female 66 (37.7) 73 (41.5)  

   Male 111 (62.4) 105 (58.7)  

Ethnicity   <0.006 

  European 100 (57.1) 90 (51.1)  

  Asian 7 (4.0) 22 (12.5)  

  Māori 47 (26.9) 36 (20.5)  

  Pacific 21 (12.0) 25 (14.2)  
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  Other 0 (0) 3 (1.7)  

Mean 25(OH)D concentration (nmol/L) [SD] 71.78 [22.60] 74.49 [26.78] 0.31 

Mean NZDep [SD] 5.43 [2.67] 4.76 [2.68] 0.04 

Tobacco smoke exposure   0.03 

  Neither smoke  108 (61.7) 134 (76.1)  

  Mother smokes 15 (8.6) 10 (5.7)  

  Father smokes 19 (10.9) 13 (7.4)  

  Both smoke 33 (18.7) 19 (10.8)  

Mean breastfed duration in months [SD] 7.40 [6.18] 9.70 [8.97] 0.005 

Season of blood sampling   0.986 

   Summer (December-February) 34 (19.4) 35 (19.9)  

   Autumn (March–May) 28 (16.0) 27 (15.3)  

   Winter (June-August) 61 (34.9) 59 (33.5)  

   Spring (September-November) 52 (29.7) 55 (31.3)  

Prolonged labour    

   Yes 22 (12.8) 9 (5.1) 0.01 

   No 150 (87.2) 167 (94.9)  

Cow’s milk exposure before 13 months   0.02 

   Yes 105 (60.0) 84 (47.7)  

   No 70 (40.0) 92 (52.3)  

Older sibling   0.06 

   Yes 94 (53.7) 112 (63.6)  

   No 81 (46.3) 64 (36.4)  

Siblings with tympanostomy tubes   0.005 

   Yes 37 (21.1) 18 (10.2)  

   No 138 (78.9) 158 (89.8)  

4 or more colds in the last 12 months   <0.001 

   Yes 116 (66.3) 58 (33.0)  

   No 59 (33.7) 118 (67.1)  

Mean daycare hours per week [SD] 23.51 [11.51] 21.62 [10.96] 0.117 

Snoring in last 3 months   <0.001 

  Never  14 (8.0) 41 (23.4)  

  Seldom 27 (15.4) 47 (26.7)  

  Only with cold 21 (12.0) 30 (17.1)  

  Often 45 (25.8) 32 (18.3)  

  Always 68 (38.9) 25 (14.3)  

Blocked nose in last 12 months   <0.001 

  Only with cold, rarely or never  92 (52.6) 26 (14.8)  
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  Always or often 83 (47.4) 150 (85.2)  

	

The	median	 and	 interquartile	 range	 (IQR)	 for	 each	 cytokine	 is	 presented	 in	 Table	 49.	 The	

median	 serum	 concentration	 of	 IL-10	 was	 higher	 in	 cases	 (7.20	 pg/ml,	 IQR:4.34-11.46)	

compared	to	controls	(6.21	pg/ml,	IQR:	1.64-9.91)	(P=0.01).	Median	serum	concentration	of	

TNFa	was	also	higher	in	cases	(6.36	pg/ml,	IQR:	3.99-8.92)	than	in	controls	(5.27	pg/ml,	IQR:	

3.53-8.02)	 (P=0.03).	No	differences	were	observed	between	 cases	 and	 controls	 for	 serum	

concentrations	of	IL-4,	IL-5,	IL-6,	IL-8,	IL-13,	IL-17a,	MIP-1a,	or	IFNg.	A	boxplot	reporting	the	

mean	for	each	cytokine	is	shown	in	Figure	11.	

Table	49:	Median	serum	concentration	in	children	with	COME	compared	to	healthy	controls	

Cytokines Case 
Median (Interquartile 
range) serum 
concentration pg/ml 
N=175 

Control 
Median (Interquartile 
range) serum 
concentration pg/ml 
N=176 

P value 
 

IFNg 8.97 (4.13-16.87) 8.50 (4.37-18.97) 0.93 
IL-4 4.11 (0.62-12.94) 2.90 (0.62-10.22) 0.18 
IL-5 1.96 (1.24-3.25) 1.97 (1.37-3.04) 0.94 
IL-6 1.46 (0.90-2.43) 1.44 (0.89-2.42) 0.83 
IL-8 3.87 (2.71-6.27) 3.60 (2.76-5.53) 0.46 
IL-10 7.20 (4.34-11.46) 6.21 (1.64-9.91) 0.01* 
IL-13 3.31 (1.61-6.54) 3.50 (1.54-5.33) 0.91 
IL-17 5.81 (3.54-9.90) 6.19 (3.37-11.75) 0.86 
MIP-1a 5.33 (0.45-12.41) 5.95 (0.57-10.09) 0.98 
TNFa 6.36 (3.99-8.92) 5.27 (3.53-8.02) 0.03* 
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Figure	11:	Boxplot	of	log	transformed	serum	cytokine	concentration	(pg/ml)	in	children	with	COME	and	healthy	

controls	

Serum	IL-10	concentration	was	inversely	correlated	with	serum	25(OH)D	concentration	using	

Spearman	 correlation	 in	 the	 cases	 (r=-0.1489,	 p=0.049)	 and	 in	 the	 controls	 (r=-0.187,	

P=0.014).	Serum	TNFa	concentration	was	not	correlated	with	serum	25(OH)D	concentration.	

7.4 Discussion	

The	 higher	 serum	 concentration	 of	 IL-10	 and	 TNFa	 observed	 in	 children	with	 COME	may	

reflect	an	excessive	inflammatory	response.	Due	to	their	pleomorphic	nature,	these	cytokines	

may	regulate	several	processes	involved	in	different	stages	of	the	pathogenesis	of	COME.	

An	important	risk	factor	for	COME	is	upper	respiratory	infection	(URI),	which	is	thought	to	

increase	 the	 risk	of	bacteria	 spreading	 to	 the	ME.433	During	 influenza	virus	 infection,	high	

plasma	IL-10	concentration	has	been	reported	to	predict	severity	of	outcomes	 in	children,	

when	controlling	for	viral	 load.495	 In	an	animal	model,	a	combination	of	viral	and	bacterial	

pathogen	 challenge	was	 found	 to	 produce	 higher	 levels	 of	 IL-10	 and	 an	 increased	 risk	 of	
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bacterial	overgrowth,	when	compared	to	bacterial	challenge	alone.	When	viral	and	bacterial	

challenge	 were	 accompanied	 by	 suppression	 of	 IL-10,	 a	 much	 lesser	 degree	 of	 bacterial	

overgrowth	was	observed.496	Children	who	respond	to	URI	with	high	IL-10	concentration	may	

experience	an	increased	risk	of	bacterial	overgrowth	in	the	nasal	passages,	leading	to	bacteria	

ascending	to	the	ME.	This	does	not	explain	why	high	IL-10	concentration	would	be	maintained	

long	after	the	polymicrobial	infection,	as	in	our	cases	who	have	had	OME	for	at	least	three	

months.	However,	as	the	differences	we	observed	were	relatively	small,	they	may	reflect	a	

gradual	return	to	normal	following	an	acute	infection.	

The	 differences	we	 found	 could	 also	 reflect	 immune	 responses	 in	 the	ME.	 After	 bacteria	

ascend	the	ET,	cytokines	are	involved	in	the	regulation	of	the	inflammatory	response	in	the	

ME.	The	presence	of	bacteria	in	the	MEE	is	associated	with	higher	local	concentration	of	IL-

10	and	TNFa,493	and	detection	of	bacterial	endotoxin	in	the	MEE	correlates	with	higher	local	

concentration	of	TNFa,237	reflecting	increased	production	of	these	cytokines	in	the	presence	

of	bacterial	signals	in	the	ME.	In	animal	models,	higher	concentration	of	IL-10	and	TNFa	 is	

associated	with	increased	goblet	cell	hyperplasia	and	upregulation	of	mucin	production.497-

499	Mucin	is	a	key	component	in	MEE,	and	higher	levels	of	mucin	are	associated	with	more	

mucoid	and	chronic	MEE.	Higher	MEE	IL-10256	and	TNFa266	concentration	has	been	observed	

in	 mucoid	 effusion	 than	 in	 serous	 effusion.	 Our	 findings	 may	 indicate	 that	 raised	

concentrations	 of	 IL-10	 and	 TNFa	 are	 involved	 in	 the	 maintenance	 of	 COME	 via	 mucin	

hypersecretion	 and	 goblet	 cell	 proliferation.	 It	 is	 possible	 that	 an	 even	 higher	 TNFa	

concentration	would	be	found	if	it	was	not	being	down-regulated	by	high	IL-10	concentration.	

Bacterial	pathogens	may	cause	IL-10	levels	to	increase	by	decreasing	TNFa	levels,	500	possibly	

in	order	to	suppress	acute	inflammation	that	would	be	detrimental	to	them.	High	TNFa	and	
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IL-10	may	be	a	marker	of	disease	severity	with	associations	between	high	concentrations	of	

these	cytokines	and	TTP,	mucoid	effusion	and	duration	of	effusion.	238,	245,	256,	266	

7.5 Conclusion	

This	 is	 the	 first	 study	 to	 investigate	 differences	 in	 a	 wide	 range	 of	 serum	 cytokine	

concentrations	between	children	with	COME	and	healthy	controls.	Our	observations	support	

a	role	for	elevated	IL-10	and	TNFa,	either	in	the	pathogenesis	of	COME,	or	as	biomarkers	for	

chronic	 inflammatory	 processes.	 Raised	 IL-10	 and	 TNFa	 may	 be	 involved	 in	 the	 immune	

response	to	combined	viral	infection	and	bacterial	overgrowth	in	the	nasal	passages	leading	

to	 COME.	 However,	 given	 the	 chronic	 state	 of	 our	 subjects,	 these	 levels	may	 reflect	 the	

mucosal	hyperplasia	seen	in	the	ME	of	children	with	COME.	Further	research	is	required	to	

replicate	these	findings.	
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8 Discussion	

By	 means	 of	 a	 case-control	 study	 comparing	 preschool	 children	 with	 COME	 to	 healthy	

controls,	 we	 have	 been	 able	 to	 assess	 a	 broad	 range	 of	 potential	 determinants	 and	

confounders,	and	to	 test	 them	for	 independent	associations	with	COME.	 I	will	discuss	our	

findings	in	relation	to	our	hypotheses,	describe	how	the	integration	of	our	findings	and	prior	

research	may	extend	and	refine	existing	theories	of	the	pathogenesis	of	COME,	and	review	

the	implications	of	these	findings	for	future	research	and	practice.	

8.1 Assessment	of	hypotheses	

8.1.1 Hypothesis	1:	Known	risk	factors	replicated	and	new	risk	factors	emerge		

8.1.1.1 URI	

As	expected	we	observed	that	frequent	URI	was	associated	with	an	increased	risk	of	COME.	

URI	is	one	of	the	best	established	risk	factors	for	COME.36,	109,	162,	204,	325	Viral	infection	often	

precedes	the	development	of	OM,	and	viruses	may	promote	otopathogen	ascent	from	the	

nasal	passages	to	the	ME	via	the	ET.433	

8.1.1.2 Daycare	

We	found	that	a	greater	number	of	hours	of	daycare	attendance	was	associated	with	a	higher	

risk	 of	 COME.	 Daycare	 attendance	 increases	 the	 risk	 of	 URI	 through	 exposure	 to	 other	

preschool	children,	and	has	been	previously	associated	with	OM.18,	501	Children	sometimes	

attend	daycare	when	suffering	from	mild	illnesses	such	as	colds,	due	to	financial	and	social	

pressure	 on	 parents	 to	 attend	 work	 rather	 than	 staying	 home	 to	 care	 for	 mildly	 unwell	

children.	Our	finding	was	observed	even	when	controlling	for	parent-reported	frequent	URI.	
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This	may	indicate	that	daycare	attendance	operates	through	additional	mechanisms	such	as	

exposure	to	bacterial	pathogens	 that	do	not	cause	cold-like	 illnesses.	Alternatively,	 it	may	

mean	that	parent-reported	 frequent	URI	 is	not	a	sensitive	enough	 instrument	 to	precisely	

capture	an	increased	occurrence	of	URI.	

8.1.1.3 Nasal	obstruction	and	snoring	

We	 also	 replicated	 frequent	 nasal	 obstruction	 and	 snoring	 as	 risk	 factors.	 These	 have	

occasionally	 been	 reported	 previously,117,	 167,	 299,	 317,	 318	 with	 some	 researchers	 finding	 an	

independent	 association	 while	 controlling	 for	 URI	 and	 allergy.	 Such	 findings	 have	 been	

described	as	relating	to	other	risk	factors	such	as	URI,	allergy,	and	adenoid	hyperplasia.299	A	

meta-analysis	concluded	that	nasal	obstruction	was	not	associated	with	OM,	however	the	

studies	included	were	of	RAOM	and	CSOM.501	

We	propose	that	COME,	nasal	obstruction,	and	snoring	may	all	be	linked	by	a	common	factor:	

bacterial	pathogens	in	a	sessile	biofilm	state	in	the	nose	and	NP.	Such	biofilms	may	act	as	a	

reservoir	of	bacteria	that	ascend	to	the	ME	in	some	circumstances	and	cause	OME,	while	also	

causing	chronic	inflammation	leading	to	frequent	nasal	obstruction	and	snoring.	In	chinchilla	

exposed	to	a	virus	followed	by	S.	pneumoniae,	83%	of	animals	developed	biofilms	on	their	

NP,	 and	 67%	 developed	 biofilms	 in	 the	ME,	 while	 controls	 that	 were	 exposed	 to	 a	 virus	

without	bacteria	did	not	develop	biofilms	on	 the	NP	or	ME.502	All	of	 the	animals	with	ME	

biofilms	also	had	NP	biofilms,	indicating	that	the	presence	of	NP	biofilms	greatly	increased	

the	risk	of	developing	ME	biofilms.	

When	the	epithelial	lining	of	the	nasal	passages,	NP,	or	ME	encounter	pathogens,	the	host’s	

innate	immune	system	responds.	COME	is	characterized	by	mucosal	hyperplasia,	goblet	cell	
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proliferation,	 mucin	 hypersecretion	 and	 mucociliary	 dysfunction.83,	 503	 These	

histopathological	changes	occurring	in	the	mucosal	lining	could	also	explain	the	association	

we	observed	between	nasal	obstruction	and	COME.	This	mucosal	lining	damage	tends	to	take	

months	 to	 repair	 once	 an	 infection	 has	 been	 cleared,	with	 the	 goblet	 cell	 number	 never	

returning	to	pre-infection	levels.504	

8.1.1.4 Family	history	

Family	history	of	COME	has	been	reported	as	a	risk	factor,	although	studies	are	divided	and	

parent	and	sibling	history	are	often	considered	together.115,	117,	167,	205	A	genetic	component	

has	also	been	reported	for	OM.206-208	Our	finding	that	sibling	history	of	TTP	is	a	risk	factor	for	

COME	supports	those	studies	that	have	previously	associated	family	history	with	OM.	Surgical	

history	of	siblings	may	be	a	more	reliable	indicator	of	family	history	than	parental	reports	of	

ear	concerns.	This	observation	is	consistent	with	family	history	and	genetics	as	risk	factors,	

however	it	may	also	reflect	similar	environmental	exposures	among	siblings.	While	daycare	

attendance	was	controlled	for,	there	are	many	other	considerations	that	were	not	such	as	

exposure	to	URI	through	larger	extended	families	and	church	gatherings.	The	latter	has	been	

found	to	be	a	risk	factor	for	COME	in	people	of	Pacific	ethnicity	in	NZ.162		

Another	consideration	is	that	colonisation	or	infection	of	one	family	member	with	microbes	

will	increase	the	risk	of	transmission	to	other	family	members.	Otopathogens	and	URI	passed	

among	 family	members	will	 increase	 their	 risk	 of	 COME,	while	 transmission	of	 protective	

commensal	bacteria	among	family	members	may	reduce	it.	Therefore,	sibling	TTP	may	be	an	

indicator	of	an	unhealthy	microbial	composition	shared	among	family	members.	
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8.1.1.5 Long	labour	

Long	labour	is	a	novel	risk	factor	finding	for	COME.	Definitions	of	long	labour	are	varied.	We	

used	a	threshold	based	on	the	top	5th	percentile	of	labour	length	of	our	healthy	controls.	This	

was	a	total	of	at	least	21	hours	for	stage	1	and	2	of	labour	in	first-born	children,	or	otherwise	

at	least	14	hours.	Fever	is	common	in	long	labour	and	is	often	treated	prophylactically	with	

antibiotics	for	both	the	mother	and	newborn.448	This	early	antibiotic	exposure	may	have	a	

negative	effect	on	the	child’s	microbiota.	Antibiotic	exposure	in	the	first	year	of	life	has	been	

found	 to	 reduce	 the	 abundance	 of	 commensal	 bacteria,377,	 378	 while	 not	 reducing	 the	

abundance	of	otopathogens.378	Should	our	finding	of	an	association	between	long	labour	and	

COME	prove	to	be	robust,	more	research	will	be	required	to	investigate	the	mechanisms	that	

are	involved.	

8.1.1.6 Early	introduction	of	cow’s	milk	

Early	introduction	of	cow’s	milk	has	seldom	been	investigated	in	relation	to	OM.	It	is	usually	

grouped	together	with	infant	formula	for	analysis.160,	169	An	association	between	cow’s	milk	

protein	 allergy	 and	 TTP	 has	 previously	 been	 reported,170	 and	 cow’s	milk	 allergy	 with	 IgE	

sensitisation	and	symptoms	occurs	in	up	to	2%	in	children	aged	0	to	4	years,505	so	it	is	possible	

that	ingestion	of	cow’s	milk	by	preschool	children	with	cow’s	milk	allergy	may	contribute	to	

the	risk	of	COME.	

We	did	not	perform	skin	prick	tests	to	assess	IgE	sensitisation	to	cow’s	milk,	so	we	cannot	

assess	whether	exposure	 to	cow’s	milk	before	13	months	of	age	was	particularly	a	 risk	 in	

children	with	IgE	sensitisation	to	cow’s	milk.	We	solely	recorded	positive	skin	prick	tests	for	

inhalant	allergens,	and	did	not	find	an	association	with	COME	with	a	P	value	of	0.1	or	less	in	
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a	univariable	analysis,	so	this	was	not	included	in	our	multivariable	analysis.	An	association	

between	 IgE	 sensitisation	 and	OME	 is	 usually,118,	 167,	 171,	 176,	 178,	 288-290	 but	 not	 always291,	 292	

observed.	 We	 found	 allergic	 rhinoconjunctivitis	 to	 be	 a	 risk	 factor	 for	 COME	 univariably	

(OR=2.15,	 CI=1.15-4.01),	 but	 this	 variable	was	discarded	during	 stepwise	 reduction	of	 the	

multivariable	 model.	 It	 may	 be	 that	 allergy	 is	 associated	 with	 COME,	 but	 not	 associated	

independently	of	other	factors	in	our	multivariable	model	such	as	URI	and	nasal	obstruction.	

8.1.1.7 Older	siblings	

Our	observation	that	having	older	siblings	was	associated	with	a	reduced	risk	of	COME	was	

contrary	to	all	five	previous	studies	that	addressed	the	subject,	which	have	found	either	the	

reverse	effect,18,	28,	109,	204	or	none.32	It	is	possible	that	having	older	siblings	is	only	a	risk	factor	

in	 children	under	 three	 years	perhaps	due	 to	higher	 susceptibility	 to	 infection	 from	older	

siblings.	We	mentioned	 in	our	risk	 factor	article	that	this	 finding	could	reflect	a	protective	

effect	 from	 exposure	 to	 commensal	 bacteria	 from	 older	 siblings.445	 However,	 given	 the	

literature	it	is	also	quite	possible	that	this	is	a	spurious	result	that	will	not	be	replicated.	

8.1.1.8 Ethnicity	

Subjects	of	Asian	ethnicity	were	under-represented	 in	children	undergoing	TTP	 for	COME,	

compared	 to	 healthy	 controls.	 Similarly,	 in	 2015	McCallum	 et	 al.	 reported	 on	 all	 hospital	

admission	records	in	NZ	from	2002-2008	and	found	that	children	under	5	years	of	age	of	Asian	

ethnicity	 were	 less	 likely	 to	 undergo	 TTP.195	 This	 was	 not	 reported	 until	 after	 the	

commencement	of	our	research,	so	we	did	not	anticipate	this	finding	in	our	own	subjects.	

The	 replication	 of	 this	 finding	 lends	 some	weight	 to	 its	 robustness	 in	 the	 context	 of	 the	

population	 of	 New	 Zealanders	 who	 self-identify	 as	 being	 of	 Pakistani,	 Indian,	 Chinese,	
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Japanese,	Korean,	Vietnamese,	and	other	Asian	ethnicity.	A	study	in	the	US	has	reported	a	

similar	inverse	association	between	OM	and	Asian	ethnicity.180	In	contrast,	Asian	ethnicity	has	

been	associated	with	an	increased	risk	of	OM	in	another	US	study,172	however	the	authors	

noted	 that	 their	 local	 respondents	 included	many	 relatively	 recent	 immigrants	 of	 Hmong	

Chinese	ethnicity.	 It	 is	difficult	 to	compare	Asian	ethnicity	between	countries	due	 to	 such	

differences	in	local	demographics.	

We	expected	that	Māori	and	Pacific	children	may	be	over-represented	in	our	cases	due	to	

prior	reports	of	higher	risk	of	COME	in	these	ethnicities,	however	no	difference	was	found.	It	

may	be	that	Māori	or	Pacific	children	are	less	likely	to	be	referred	for	TTP	even	if	they	do	have	

COME.	Taking	this	even	further,	McCallum	et	al.	found	that	Māori	and	Pacific	children	aged	

under	 5	 years	were	under-represented	 in	 children	having	 TTP,	 especially	 in	 children	 from	

more	 deprived	 areas.195	 Possibly	 we	 did	 not	 find	 this	 because	 the	 area	 we	 studied	 was	

relatively	affluent.		

Using	TTP	as	an	outcome	measure	has	many	advantages.	However,	some	children	with	COME	

may	not	attend	a	GP	or	be	referred	 for	TTP,	and	this	may	be	more	 likely	 in	children	 from	

families	 who	 have	 poor	 access	 to	 healthcare.	 This	makes	 differences	 in	 risk	 of	 COME	 by	

ethnicity	difficult	to	infer	from	risk	of	TTP.	To	include	children	with	COME	who	are	not	taken	

to	the	GP	and	therefore	not	referred	for	TTP,	it	would	be	ideal	to	visit	preschool	children	at	

home,	 and	 to	 recruit	 from	 a	 birth	 cohort.	 Such	 home	 visit	 studies	 present	 some	 social,	

logistical,	and	financial	challenges	when	compared	to	research	in	institutions	where	TTP	takes	

place.	
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8.1.1.9 Socio-economic	status	and	crowding	

Previous	findings	regarding	low	SES	as	a	risk	factor	for	COME	are	mixed,	as	are	the	measures	

used	and	the	populations	studied.17,	36,	115,	124	Our	findings	were	likewise	mixed,	with	NZDep	

being	a	significant	risk	factor	in	a	univariable	analysis,	but	not	significant	when	included	in	a	

multivariable	model	 as	 a	 potential	 confounder.	 Its	 effect	may	be	better	 accounted	 for	 by	

other	variables	 in	that	model,	such	as	frequent	URI.	We	did	not	find	crowding	to	be	a	risk	

factor,	as	measured	by	number	of	bedrooms	per	person	in	the	house.	It	may	be	more	likely	

that	significant	associations	would	be	found	in	a	population	with	a	wider	range	of	SES	than	

the	sample	we	studied.	

8.1.2 Hypothesis	2:	High	serum	25(OH)D	concentration	associated	with	lower	risk	of	COME	

Our	observation	that	higher	concentration	of	serum	25(OH)D	was	associated	with	a	lower	risk	

of	 COME	 in	 preschool	 children,	 when	 controlling	 for	 ethnicity,	 is	 consistent	 with	 this	

hypothesis.	If	this	novel	observation	proves	to	be	reliable	and	not	the	result	of	a	confounding	

variable,	there	are	several	mechanisms	that	may	underlie	it.	

Firstly,	higher	25(OH)D	concentration	improve	host	resistance	against	viral	URI.89,	91,	506-508	The	

literature	suggests	 that	URI	may	be	a	common	early	 factor	 in	 the	pathogenesis	of	all	OM.	

Therefore,	by	reducing	the	risk	of	URI	one	would	expect	to	reduce	the	risk	of	all	forms	of	OM	

including	 COME.	 It	 is	 worth	 noting	 that	 the	 effect	 we	 found	 was	 significant	 even	 when	

controlling	for	parent-reported	frequent	URI.	If	protection	from	URI	was	the	only	mechanism	

by	 which	 higher	 25(OH)D	 concentration	 operated,	 we	 might	 expect	 that	 controlling	 for	

frequent	 URI	 might	 dampen	 any	 observed	 effect	 into	 statistical	 insignificance.	 So,	 while	

protection	from	URI	may	be	involved,	the	possibility	is	left	open	that	other	factors	are	too.	



DISCUSSION	

 232 

Secondly,	 higher	 25(OH)D	 levels	may	 help	 to	 protect	 against	 otopathogen	 overgrowth	 by	

stimulating	production	of	the	antimicrobial	peptide	cathelicidin.95	This	may	help	to	protect	

against	pathogenic	biofilm	formation96,	97,	458	in	the	nose,	NP,	and	ME.	As	discussed	in	relation	

to	Hypothesis	1,	we	propose	that	biofilms	 in	the	nose	and	NP	may	act	as	a	reservoir	from	

which	otopathogens	ascend	to	the	ME,	leading	to	COME.	Higher	25(OH)D	concentration	may	

help	in	preventing	and	suppressing	such	biofilms,	including	in	the	ME	itself.	

Finally,	higher	concentration	of	25(OH)D	may	promote	a	less	inflammatory	but	still	effective	

immune	response	in	the	ME,91	as	discussed	in	our	literature	review	and	our	article	relating	

higher	serum	25(OH)D	concentration	to	reduced	risk	of	COME.	Low	levels	of	25(OH)D,	known	

to	be	more	likely	in	preschool	children	and	in	winter	months	when	COME	is	most	common,	

may	promote	a	more	inflammatory	immune	response	to	pathogens	that	have	made	their	way	

to	the	ME,	resulting	in	lingering	MEE.	

We	 found	an	association	between	higher	 serum	25(OH)D	 concentration	and	 lower	 risk	of	

COME	 only	 after	 controlling	 for	 ethnicity.	 This	 appears	 to	 have	 been	 due	 to	 the	 strong	

influence	of	Asian	ethnicity,	which	was	associated	with	both	a	reduced	risk	of	COME	and	an	

increased	risk	of	lower	serum	25(OH)D	concentration.	The	low	proportion	of	children	of	Asian	

ethnicity	referred	for	TTP	lowered	the	mean	serum	25(OH)D	concentration	in	the	controls.	

We	posit	that	this	had	the	effect	of	muting	the	association	between	higher	serum	25(OH)D	

concentration	and	lower	risk	of	COME,	which	was	observed	once	ethnicity	was	controlled	for.	

Free	25(OH)D	that	is	not	bound	to	vitamin	D	binding	protein	(DBP)	or	albumin	may	be	more	

clinically	relevant,	however	it	is	expensive	to	measure.	As	total	serum	25(OH)D	concentration	

has	 been	 found	 to	 be	 strongly	 correlated	with	 free	 25(OH)D	 across	 ethnicities,455,	 509	 our	



DISCUSSION	

 233 

measurements	are	likely	to	reflect	free	and	bioavailable	25(OH)D	without	needing	to	account	

for	DBP	or	to	measure	related	genetic	polymorphisms.		

In	NZ	low	serum	concentration	of	25(OH)D	is	relatively	common,	especially	among	Māori	and	

Pacific	 children,	 approximately	 40%	 and	 60%	 of	 whom	 respectively	 are	 deficient	 with	

concentration	below	37.5	nmol/L.510,	511	This	difference	may	 result	 from	Māori	and	Pacific	

children	having	higher	skin	melanin	levels	than	NZ	children	of	other	ethnicities.510	There	is	

high	public	awareness	of	melanoma	 in	NZ,	with	national	advertising	campaigns	promoting	

sunscreen	use,	covering	skin,	and	sun	avoidance.	These	practices	may	also	contribute	to	lower	

25(OH)D	levels.	

If	 our	 observation	 is	mistaken	 and	 there	 is	 no	 real	 relationship	 between	 serum	 25(OH)D	

concentration	 and	 COME,	 it	may	 be	 that	 there	 is	 a	 confounding	 factor.	 One	 candidate	 is	

season,	which	is	associated	with	both	low	25(OH)D	levels	and	increased	risk	of	COME.	We	still	

observed	the	association	when	controlling	for	season	in	a	multivariable	analysis,	which	gives	

us	some	confidence	that	season	did	not	confound	our	analysis.		

8.1.3 Hypothesis	3:	High	alpha	diversity	of	the	nasal	microbiota	is	associated	with	lower	risk	

of	COME.	

As	hypothesised,	we	found	that	higher	alpha	diversity	was	associated	with	a	reduced	risk	of	

COME,	which	has	not	previously	been	reported.	One	study	has	found	that	alpha	diversity	in	

the	nasal	passages	was	lower	in	AOM,377	one	has	found	it	was	lower	during	combined	URI	and	

AOM	 if	 antibiotics	 had	 been	 used	 in	 the	 last	 6	 months,373	 while	 two	 have	 found	 no	

relationship.72,	378	The	direction	of	causality	of	this	association	is	unclear.	Higher	diversity	may	

protect	against	pathogen	overgrowth,	pathogen	overgrowth	may	result	in	lower	diversity,	or	
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both	 may	 occur.379	 Alpha	 diversity	 in	 the	 nasal	 passages	 has	 been	 reported	 to	 decrease	

following	symptomatic	HRV	infection,512	including	in	a	controlled	trial	of	challenge	with	HRV	

in	 adults,513	which	 appears	 to	 reflect	 the	 role	URI	 plays	 in	 destabilising	microbiomes	 and	

promoting	pathobiont	overgrowth.	

8.1.4 Hypothesis	4:	Otopathogens	in	the	nasal	microbiota	are	associated	with	an	increased	

risk	of	COME,	and	commensals	are	associated	with	a	reduced	risk.	

Preschool	children	with	COME	had	a	greater	nasal	abundance	of	H.	influenzae,	Streptococcus,	

and	Moraxella	taxa	resembling	the	three	main	otopathogens.	We	propose	that	the	nose,	as	

part	 of	 the	 nasal	 passages	 including	 the	 nasal	 cavity	 and	 the	NP,	may	 act	 as	 a	 precursor	

location	 from	 which	 bacteria	 spread	 to	 the	 ME	 to	 cause	 COME.	 This	 assertion	 extends	

previous	descriptions	of	 the	adenoids	as	bacterial	 reservoirs,412	 and	 the	above-mentioned	

finding	that	NP	biofilm	increased	the	risk	of	ME	biofilm	in	animal	models.502	Based	on	our	

observation	that	these	pathogens	were	present	in	the	nares	of	most	healthy	controls,	we	also	

suggest	that	these	bacteria	are	endogenous	nasal	pathobionts,	present	 in	a	dormant	state	

from	 which	 they	 may	 overgrow	 and	 become	 infectious.	 This	 refines	 prior	 theories	 that	

overgrowth	 of	 pathobionts	 in	 the	 upper	 respiratory	 tract	 may	 lead	 to	 various	 other	

respiratory	illnesses,	including	AOM.514	

We	also	found	that	a	higher	differential	abundance	of	commensals	in	the	nose	was	associated	

with	 a	 lower	 risk	 of	 COME.	 These	 commensals	 included	 Streptococcus	 infantis,	 three	

additional	Streptococcus	spp.,	and	Lactococcus,	extending	previous	research	that	observed	a	

microbial	profile	characterised	by	Lactococcus	to	be	associated	with	a	reduced	risk	of	AOM	in	

children.72	 Having	 a	 more	 diverse	 nasal	 microbiome	 or	 higher	 abundance	 of	 specific	
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commensals	may	be	protective	against	URI	and	pathogen	overgrowth.	However,	it	may	also	

be	that	pathogen	overgrowth	suppresses	commensal	abundance	in	children	with	COME.	

Our	 finding	 of	 four	 clusters	 of	 nasal	 bacteria	 in	 preschool	 children,	 consisting	 of	 a	

Corynebacterium-dominated	 cluster,	 a	 Streptococcus-dominated	 cluster,	 a	 Moraxella-

dominated	 cluster,	 and	 a	 cluster	with	 a	mixed	 profile,	 is	 consistent	with	 previous	 cluster	

analyses	 of	 the	 nasal	microbiota	which	 usually	 return	 four	 or	more	 distinct	 profiles	 each	

dominated	 by	 one	 or	 two	 genera.	 Clusters	 identified	 are	 usually	 dominated	 by	

Corynebacterium,	Moraxella,	Streptococcus,	Haemophilus,	Staphylococcus,	and	occasionally	

Dolosigranulum/Alloiococcus.468,	485,	486	

It	 has	 not	 previously	 been	 reported	 that	 having	 a	 nasal	 bacterial	 profile	 dominated	 by	

Corynebacterium,	 Streptococcus,	 or	Moraxella	 is	 associated	 with	 a	 higher	 risk	 of	 COME,	

compared	to	having	a	mixed	profile.	It	is	unclear	why	a	Corynebacterium-dominated	profile	

would	increase	the	risk	of	COME,	as	Corynebacterium	is	a	commensal.	This	profile	may	also	

have	had	a	higher	abundance	of	Moraxella	and	Streptococcus	than	the	mixed	profile,	so	it	is	

possible	that	these	taxa	are	more	relevant	to	the	association.	However,	Corynebacterium	has	

been	found	in	the	ME	microbiota	of	subjects	with	chronic	OM.400		

The	profile	of	nasal	bacteria	that	we	found	to	be	associated	with	a	reduced	risk	of	COME	may	

reflect	 a	 more	 mature	 microbiome.	 It	 has	 been	 reported	 that	 children	 tend	 to	 have	 NP	

bacterial	 profiles	 dominated	 by	 either	Moraxella	 or	Corynebacterium,	whereas	 adults	 are	

more	 likely	 to	 have	 a	 mixed	 profile,515	 and	 a	 similar	 maturation	 may	 occur	 in	 the	 nasal	

microbiome.	 The	 development	 of	 a	 mixed	 microbiota	 that	 is	 more	 protective	 against	

pathogen	overgrowth	could	help	to	explain	why	increasing	age	is	protective	against	COME.	
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URI	was	no	longer	a	significant	finding	once	bacterial	cluster	was	included	in	the	multivariable	

model.	This	may	indicate	that	the	influence	of	URI	on	COME	is	partly	through	its	effect	on	the	

microbiota	of	the	nasal	passages.		

8.1.5 Hypothesis	5:	Higher	systemic	inflammatory	cytokine	concentrations	associated	with	

higher	risk	of	COME	

Our	finding	univariably	of	higher	concentration	of	IL-10	in	our	cases	corroborates	previous	

research	 in	which	 IL-10	was	elevated	 in	serum	in	children	with	COME.256	High	 IL-10	 is	also	

observed	in	polymicrobial	diseases	resulting	in	enhanced	bacterial	colonisation.496	In	a	murine	

model,	IL-10	knockout	mice	did	not	develop	mucous	cell	metaplasia.516	

Our	finding	of	higher	TNFa	concentration	univariably	in	children	with	COME	is	in	contrast	to	

previously	 reported	 research	 on	 risk	 factors	 for	 OME.247,	 248	 Higher	 levels	 of	 TNFa	 may	

stimulate	 an	 overproduction	 of	 mucin,497	 while	 suppressing	 the	 antibacterial	 effects	 of	

vitamin	D	and	cathelicidin.517	

8.2 Toward	a	pathogenesis	of	COME	

A	 synthesis	 of	 our	 findings	 and	 the	 literature	 helps	 us	 to	 progress	 toward	 a	 richer	

understanding	of	the	processes	that	lead	to	COME.	This	pathogenesis	is	grounded	in	recent	

advances	in	our	understanding	of	the	complex	and	varied	roles	of	bacteria	in	human	health.	

Historically,	bacteria	have	been	viewed	as	invaders	in	the	human	body.	Ever	since	the	late	

19th	century	when	Koch’s	postulates	set	out	how	specific	microbes	can	be	demonstrated	to	

be	 the	 cause	 of	 diseases,	 the	 search	 for	 invasive	 bacterial	 agents	 of	 disease	 and	 their	

treatments	has	been	a	common	aspect	of	medical	research.	
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However,	in	recent	decades	there	has	also	been	increasing	recognition	of	the	role	of	bacteria	

as	endogenous	microorganisms,	dwelling	 in	complex	microbiomes	 in	various	niches	within	

human	hosts.	The	“old	friends”	hypothesis	posits	that	endogenous	microbes	and	their	human	

hosts	have	co-evolved	together,	and	rely	on	each	other	for	many	functions	including	immune	

response	against	infection.	This	has	been	taken	further	by	the	concept	of	the	“holobiont”,	in	

which	the	human	host	and	its	microbial	inhabitants	can	be	viewed	as	a	single	system.	

The	human	holobiont	is	not	as	harmonious	as	it	may	sound.	Like	any	ecological	niche,	it	 is	

characterized	 by	 competition	 for	 resources	 and	 survival.	 It	 includes	 not	 only	 commensal	

bacteria,	 which	 are	 typically	 harmless	 or	 even	 helpful	 to	 the	 human	 host,	 but	 also	

pathobionts,	which	are	not	usually	harmful	but	can	overgrow	and	become	infectious	in	some	

circumstances.	

Bacterial	otopathogens	have	also	been	viewed	as	usually	being	invasive	organisms,	as	they	

are	not	cultured	from	the	majority	of	healthy	children’s	nasal	passages.461	However,	using	

culture-independent	methods	we	found	that	most	healthy	children	had	taxa	that	were	likely	

to	be	bacterial	otopathogens	in	their	nasal	passages.	We	also	found	that	higher	abundance	

of	these	pathogens	in	the	nasal	passages	was	associated	with	COME.	We	therefore	posit	that	

rather	than	being	invaders,	bacterial	otopathogens	may	often	be	endogenous	pathobionts,	

which	overgrow	and	become	infectious	in	certain	circumstances.	

Our	pathogenesis	builds	on	this	understanding	of	otopathogens	as	pathobionts	of	the	nasal	

passages,	in	a	four-step	process	(Figure	12:	Pathogenesis	of	COME).		
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Figure	12:	Pathogenesis	of	COME	

1. Events	such	as	URI	trigger	a	disruption	of	the	microbiota	of	the	nasal	passages.			
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2. A	 disruption	 of	 nasal	microbiota	 is	 not	 suppressed	 by	 the	 immune	 system	 or	 the	

commensal	 bacteria,	 and	 leads	 to	 an	overgrowth	of	 bacterial	 otopathogens	 in	 the	

nasal	passages.	

3. The	overgrown	otopathogens	spread	up	the	ET	and	into	the	ME.		

4. The	immune	system	responds	to	the	presence	of	bacterial	otopathogens	in	the	ME	

with	chronic	inflammation	characterized	by	effusion.	

Note	that	the	first	three	processes	are	likely	to	be	common	to	all	forms	of	OM,	however	the	

details	of	how	 they	 take	place	may	affect	 the	 type	of	OM	that	 results.	 The	 fourth	 item	 is	

specific	to	COME,	as	this	non-acute	inflammatory	response	is	its	key	characteristic.		

We	will	describe	each	of	these	stages	in	detail,	and	discuss	how	they	may	relate	to	established	

risk	factors	for	COME,	and	to	the	determinants	we	have	observed.	

8.2.1 Disruption	of	the	microbiome	of	the	nasal	passages	

The	 microbiome	 of	 the	 nasal	 passages	 (encompassing	 the	 nostrils,	 nasal	 cavity,	 and	 NP)	

develops	 from	 birth,	 maturing	 and	 changing	 throughout	 the	 life	 of	 the	 host.518	 Some	

compositions	of	microbiota	enhance	the	stability	and	resilience	of	the	microbiome	against	

URI	and	pathogen	overgrowth,	while	certain	stimuli	such	as	URI	may	degrade	its	stability	and	

increase	the	risk	of	pathogen	dominance	within	the	niche.	

URI	is	one	of	the	best-established	risk	factors	for	COME.	Viruses	enhance	bacterial	infections	

by	 several	 means,	 including	 disrupting	 mucociliary	 clearance,68	 increasing	 bacterial	

attachment	to	epithelial	cells,461	and	damaging	epithelial	cells.	This	may	lead	to	an	altered	

immune	 response	 by	 decreasing	 antibacterial	 activity	 and	 dissemination	 of	 bacteria,	
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disrupting	the	microbiota	of	the	nasal	passages	and	promoting	otopathogen	overgrowth.	Xu	

and	colleagues	observed	that	S.	pneumoniae,	NTHi,	and	M.	catarrhalis	were	all	cultured	from	

a	higher	proportion	of	the	NPs	of	children	during	URI	than	during	health,	and	S.	pneumoniae	

and	NTHi	were	cultured	from	an	even	higher	proportion	of	their	NPs	during	AOM	than	during	

URI.461	Such	culture	results	may	reflect	planktonic	bacterial	overgrowth.	We	observed	even	

higher	proportions	of	 these	pathogens	 in	our	healthy	 controls,	 using	 culture-independent	

methods	that	are	 likely	to	detect	more	sessile	 forms	of	these	bacteria.	 In	a	mouse	model,	

higher	 loads	 of	 bacteria	 were	 recovered	 from	 the	 nose	 when	 a	 bacterial	 challenge	 was	

accompanied	by	virus	challenge,519	indicating	that	it	is	not	only	the	presence	of	the	pathogens	

that	is	increased	by	URI,	but	also	the	load.	

We	found	parent-reported	frequent	colds	to	be	a	risk	factor	for	COME.	Risk	factors	that	may	

aid	in	the	transmission	of	URI	or	acquisition	of	new	pathogens	include	daycare	and	unwell	

siblings.	We	also	identified	daycare	and	having	a	sibling	with	TTP	as	independent	risk	factors	

for	COME.	

The	risk	of	bacterial	overgrowth	may	also	be	 increased	after	a	URI	has	run	 its	course,	 in	a	

process	mediated	 by	 high	 concentration	 of	 IL-10.	 In	mice	 exposed	 to	 bacterial	 challenge,	

those	 that	had	 recently	 recovered	 from	a	prior	viral	 challenge	suffered	 from	much	higher	

loads	of	bacterial	growth	than	healthy	mice,	and	very	high	local	concentration	of	IL-10.	When	

an	IL-10	suppressor	was	used,	bacterial	overgrowth	was	not	nearly	as	high,	indicating	the	IL-

10	was	a	key	mediator.496	There	are	several	degrees	of	separation	between	this	study	and	

ours:	it	was	an	animal	model,	the	infections	were	in	the	lung,	and	IL-10	was	measured	locally	

rather	 than	 in	 the	 serum.	 However,	 it	 does	 raise	 the	 possibility	 that	 higher	 serum	 IL-10	

concentration	 observed	 in	 our	 cases	may	 reflect	 a	 similar	 process	 at	 play,	 in	 which	 viral	
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infection	has	primed	the	host’s	immune	system	towards	an	ineffective	response	to	bacterial	

overgrowth,	mediated	by	high	IL-10	levels.	Such	an	effect	may	take	place	both	in	the	nasal	

passages	and	in	the	ME.	

OM	is	a	common	reason	for	antibiotics	prescriptions.520	Microbiota	disruption	is	frequently	

reported	 after	 antibiotic	 use.	 It	 is	 estimated	 that	 children	 have	 between	 2-10	 courses	 of	

antibiotics	 before	 10	 years	 of	 age.521	 Bokulich	 and	 colleagues	 reported	 that	 phylogenetic	

diversity,	 but	 not	 alpha	 diversity,	 decreased	 following	 antibiotic	 use.	 A	 child’s	microbiota	

usually	 starts	 to	 resemble	an	adult	 around	2-3	years	of	 age,	however	 in	 children	 that	are	

exposed	to	antibiotics	a	delayed	microbial	maturation	may	occur.522	

Early	pathogen	dominance	in	infancy	may	lead	to	an	unstable	microbiome	that	is	easier	to	

disrupt	and	may	have	 lasting	effects	on	 the	developing	 immune	 system,	making	 the	 child	

more	prone	to	URI	and	COME	in	the	following	years.	Early	colonization	with	Moraxella	in	the	

airways	 has	 been	 linked	with	 respiratory	 infections,	 pneumonia,	 and	 bronchiolitis,413	 and	

early	colonization	with	a	Moraxella-dominated	profile	at	6	weeks	of	age	has	also	been	linked	

to	an	increased	frequency	of	later	development	of	URI.485	However	a	Moraxella-dominated	

profile	 has	 also	 been	 associated	 with	 microbiota	 stability,	 with	 Streptococcus-	 and	

Haemophilus-dominated	profiles	being	linked	with	nasal	microbiota	instability.486	

Early	life	events	including	Caesarean-section	delivery,	and	antibiotic	exposure	in	infancy	have	

been	associated	with	an	early	Moraxella-dominated	profile,485	and	recent	antibiotic	use	has	

been	observed	to	increase	the	abundance	of	the	otopathogens	Streptococcus,	Haemophilus,	

and	Moraxella.468	The	association	we	observed	between	long	labour	and	COME	may	relate	to	

the	common	use	of	antibiotics	to	treat	fever	during	labour,	as	this	early	antibiotic	exposure	

may	 destabilise	 the	 child’s	microbiota.445,	 522	We	 did	 not	 observe	mode	 of	 delivery	 to	 be	
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associated	 with	 COME.	 Although	 caesarean	 births	 are	 known	 to	 alter	 the	 respiratory	

microbiota	community,523	the	effect	on	preschool	children	is	less	clear.	

Diet	 is	 another	 significant	 environmental	 factor	 that	 affects	 the	 microbiota.	 Formula-fed	

infants	have	a	different	nasal	microbiota	compared	with	breastfeed	infants,524	with	Moraxella	

abundance	 reported	 to	be	higher.525	Breastfed	 infants	have	been	 found	 to	have	maternal	

antibodies	in	their	nasal	secretions.526	Substantial	shifts	are	seen	in	the	microbiota	with	the	

introduction	of	alternative	food	sources.	Exposure	to	cow’s	milk	before	13	months	may	also	

have	affected	 the	composition	of	 the	 respiratory	microbiota,	as	has	been	observed	 in	gut	

microbiota.450		

Children	are	sometimes	given	probiotics	 to	encourage	the	establishment	of	a	commensal-

dominated	 microbiota	 that	 may	 be	 more	 resistant	 to	 infection.	 Ingestion	 of	 probiotics	

containing	the	commensals	Lactobacillus,	Bifidobacterium,	and	Streptococcus	thermophilus	

has	been	found	to	affect	the	nasal	microbiota	by	suppressing	the	pathogens	Staphylococcus	

aureus,	Streptococcus	pneumoniae,	and	group	A	b-haemolytic	streptococci.487	Nasal	spray	of	

Streptococcus	sanguinis	has	been	observed	to	reduce	the	presence	of	MEE	in	children	with	

OME.527	Our	 sample	 did	 not	 contain	 sufficient	 children	who	had	been	 given	probiotics	 to	

measure	its	effect	on	risk	of	COME.	

8.2.2 Pathogen	overgrowth	

Based	on	our	finding	that	a	higher	differential	abundance	of	pathogens	in	the	nose	was	a	risk	

factor	for	COME,	we	propose	that	an	overgrowth	of	pathogens	in	the	nasal	passages	may	be	

an	important	stage	in	the	pathogenesis	of	COME.	
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Otopathogens	were	detected	in	the	nares	of	most	healthy	controls	by	culture-independent	

techniques.	 This	 indicates	 that	 colonization	 alone	 may	 not	 be	 a	 key	 determinant.	 Alpha	

diversity	was	lower	in	children	with	COME,	which	is	also	consistent	with	a	high	bacterial	load	

of	pathogenic	taxa	causing	a	reduced	evenness	of	bacterial	abundance.	

Otopathogen	 load	 in	 the	NP	has	been	associated	with	risk	of	AOM.378	Smith-Vaughan	and	

colleagues	 compared	 load	 of	 bacterial	 pathogens	 in	 the	 noses	 of	 Aboriginal	 and	 non-

Aboriginal	 children	 who	 were	 healthy,	 had	 OME,	 or	 had	 SOM.	 It	 was	 found	 that	 high	

otopathogen	 load	was	not	associated	with	OME,	however	the	authors	proposed	that	high	

load	may	be	associated	with	COME.381	

It	is	not	yet	clear	how	much	of	this	bacterial	overgrowth	may	be	planktonic,	and	how	much	is	

in	biofilm	state.	However,	a	high	load	of	otopathogens	in	biofilm	state	in	the	nasal	passages	

may	help	to	explain	the	chronicity	of	OME.	Biofilms	are	more	resistant	to	immune	clearance	

and	antimicrobials	than	planktonic	bacteria,	and	could	act	as	a	reservoir	of	pathogens	that	

may	 spawn	planktonic	 bacteria	 that	 ascend	 to	 the	ME.	 In	 an	 in-vitro	model	 and	 a	mouse	

model	of	S.	pneumoniae	biofilm	in	the	NP,	URI	stimulated	the	release	of	dispersed	bacteria	

that	are	more	virulent	than	typical	planktonic	bacteria	and	more	able	to	be	disseminated	to	

other	areas	such	as	the	ME.464	This	may	be	one	means	by	which	viral	URI	increases	the	risk	of	

COME,	see	Figure	13.	Substantial	otopathogen	biofilms	in	the	nasal	passages	may	also	lead	to	

chronic	 nasal	 obstruction	 and	 chronic	 snoring	 due	 to	 an	 ongoing	 inflammatory	 immune	

response.	 This	 could	 explain	 the	 association	we	 observed	 between	 nasal	 obstruction	 and	

COME.	
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Figure	13:	Role	of	dispersal	of	virulent	bacteria	from	biofilms	in	the	nasal	passages	and	goblet	cell	proliferation	

in	the	ME	in	COME	

8.2.3 Ascent	of	pathogens	to	the	middle	ear	

A	high	load	of	pathogenic	bacteria	in	the	nasal	passages	may	increase	the	risk	of	movement	

of	those	bacteria	up	the	ET	to	the	ME.	In	some	animal	models,	injection	of	bacteria	into	the	

nose	results	in	ME	carriage	of	those	bacteria.	Polymicrobial	infection	further	worsens	the	risk	

of	spread	to	the	ME,	as	shown	by	nasal	challenges	using	co-infection	with	multiple	bacteria	

or	respiratory	viruses.519,	528	

URI	can	cause	mucociliary	disruption	that	may	 increase	 the	risk	of	overgrowth	of	bacteria	

from	the	nasal	passages.	Viruses	have	been	observed	to	effect	cilia	beat	frequency,	which	

may	lead	to	mucous	stagnation	and	therefore	poor	removal	of	pathogens.68	This	disruption	

may	also	affect	the	ET,	reducing	its	effectiveness	in	preventing	pathogens	from	ascending	to	
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the	ME.	Nasal	challenge	with	rhinovirus	has	been	associated	with	a	50%	increase	in	abnormal	

ET	 function.529	 URI	may	 therefore	 act	 in	multiple	 ways	 to	 increase	 the	 risk	 of	 COME:	 by	

provoking	pathogen	overgrowth	in	the	nasal	passages,	by	triggering	the	dispersal	of	virulent	

bacteria	from	pathobiont	biofilms	in	the	nasal	passages,	through	polymicrobial	interactions	

that	make	bacteria	more	infectious,	by	degrading	the	ability	of	the	ET	to	prevent	ascent	of	

bacteria	to	the	ME,	and	by	compromising	AMP	production	due	to	epithelial	cell	damage.	

8.2.4 Chronic	inflammation	in	response	to	pathogens	in	the	middle	ear	

The	effusion	produced	during	OME	appears	to	be	part	of	the	host’s	inflammatory	defense	to	

inhibit	pathogens	that	have	reached	the	ME	via	the	ET.	A	principal	component	of	effusion	is	

mucin,	which	can	bind	to	the	outer	membrane	of	pathogenic	bacteria,530	trapping	them	and	

allowing	them	to	be	transported	out	of	the	ME	by	the	mucociliary	system.	Like	many	immune	

responses,	mucin	can	become	problematic	in	excess.	High	quantities	of	mucin	are	responsible	

for	 high-viscosity	 “mucoid”	 effusion,82	 which	 is	 less	 mobile	 and	 may	 compromise	 the	

transport	function	of	the	mucociliary	system.503	

Mucin-producing	goblet	cells	are	usually	present	in	the	epithelium	of	the	ET	and	the	ME,	but	

occur	in	higher	quantities	during	OM	and	especially	during	chronic	OM.531	The	presence	of	

bacteria	in	the	ME	triggers	mucosal	hyperplasia,	whereby	goblet	cells	spread	throughout	the	

epithelial	lining	of	the	ME,	resulting	in	a	hypersecretion	of	mucin.	These	goblet	cells	remain	

even	if	pathogens	are	cleared	from	the	ME,	and	the	epithelial	lining	can	take	weeks	or	months	

to	return	to	its	normal	state.	While	AOM	is	characterized	by	a	degree	of	mucosal	hyperplasia,	

it	is	more	exaggerated	in	OME.83	If	mucosal	hyperplasia	is	still	present	when	bacteria	return	

to	the	ME	then	a	repeat	of	mucin	over-production	is	more	likely,	leading	to	more	hyperplasia	

and	creating	a	vicious	cycle	(see	Figure	13).	
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Cytokines	have	been	reported	to	be	involved	in	mucosal	hyperplasia.	In	particular,	IL-10	and	

TNFa	appear	to	be	involved	in	mucoid	effusion.	In	an	experimental	OM	model,	IL-10	knock-

out	mice	did	not	develop	ME	metaplasia.516	TNFa	has	also	been	reported	to	be	involved	in	

mucosal	hyperplasia	by	upregulating	MUC5B	and	MUC2.497	These	mucin	genes	are	related	to	

the	viscosity	of	 the	effusion	and	may	 interfere	with	 the	mucociliary	 transport	 system.	We	

reported	that	both	IL-10	and	TNFa	were	elevated	univariably	in	serum	in	children	with	COME.	

The	association	we	found	between	higher	serum	25(OH)D	concentration	and	a	reduced	risk	

of	 COME	 could	 be	 explained	 by	 suppression	 of	 overzealous	 inflammation	 and	 mucous	

production	 in	 the	 ME.	 Vitamin	 D	 has	 been	 associated	 with	 down-regulation	 of	 the	 pro-

inflammatory	 transcription	 factor	 NF-kB.91	 NF-kB	 in	 the	 ME	 has	 been	 associated	 with	

increased	Muc5b	 mucin	 gene	 expression	 and	 local	 TNFa	 production	 in	 mice	 exposed	 to	

cigarette	smoke	condensate.532,	533	In	a	mouse	model	of	asthma,	injection	with	1,25-(OH)2D3	

suppressed	NF-kB	expression,	goblet	cell	hyperplasia,	inflammation,	and	epithelial	thickening	

in	 the	 lungs.534	When	pathogens	enter	 the	ME,	higher	 serum	25(OH)D	concentration	may	

result	in	a	similar	reduction	in	NF-kB,	TNFa,	goblet	cell	hyperplasia,	and	mucin	production,	

protecting	against	the	chronic	mucoid	effusion	that	is	characteristic	of	COME.	Higher	25(OH)D	

concentration	also	corresponds	with	greater	levels	of	the	AMP	cathelicidin,	which	is	effective	

against	bacterial	otopathogens	in	an	animal	model.95	A	further	interaction	could	also	be	at	

play,	whereby	high	 levels	of	mucins	 in	effusion	may	 suppress	 the	antimicrobial	 activity	of	

cathelicidin.535	 High	 concentration	 of	 25(OH)D	 could	 therefore	 both	 promote	 cathelicidin,	

while	also	making	it	more	effective	by	suppressing	antagonistic	mucin	production.	

Persistence	 of	 COME	may	 also	 be	 explained	 by	 the	 presence	 of	 intracellular	 infection	 or	

biofilms.	 Live	 bacteria	 have	 been	 observed	 in	 the	 ME	 in	 free-floating	 planktonic	 form,	
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intracellularly,	and	in	a	biofilm	state.73,	536	Bacteria	inside	mucous	vacuoles	of	epithelial	cells	

has	been	observed	in	ME	from	children	with	COME.537	Live	biofilms	have	been	found	inside	

neutrophil	 extracellular	 traps	 in	 MEE.536	 Biofilms	 in	 the	 ME	 have	 been	 reported	 to	 be	

associated	with	chronicity.	 In	a	rat	model	repeated	inoculations	of	pneumococcus	into	the	

NP,	combined	with	positive	NP	pressure	to	cause	ascent	of	the	bacteria	up	the	ET,	resulted	in	

biofilm	formation	in	the	ME.538	Persistence	of	bacteria	in	a	biofilm	state	in	the	ME	may	help	

to	 cause	 enough	 inflammatory	 response	 to	 maintain	 a	 degree	 of	 goblet	 cell	 hyperplasia	

sufficient	to	produce	chronic	effusion	in	the	ME,	even	if	further	bacteria	does	not	ascend	the	

ET.	

8.3 Implications	for	research	and	practice	

While	COME	remains	a	condition	for	which	we	have	more	questions	than	answers,	our	view	

of	 the	 picture	 is	 gradually	 becoming	 clearer.	 The	 new	 potential	 risk	 factors	 and	 refined	

theories	of	pathogenesis	we	have	 identified	highlight	new	areas	of	 focus	 for	 research	and	

practice.	

8.3.1 Early	life	events	

Our	novel	findings	of	long	labour	and	early	introduction	of	cow’s	milk	as	risk	factors	for	later	

development	of	COME	would	ideally	be	reproduced	in	a	prospective	birth	cohort,	to	improve	

the	 accuracy	 of	 data	 and	 to	 determine	 the	 order	 of	 events.	 Such	 a	 cohort	 could	 record	

antibiotic	use	during	labour	and	infancy,	timing	of	feeding	(with	breastmilk,	formula,	cow’s	

milk,	and	solids),	type	of	formula	used,	and	IgE	sensitivity	to	cow’s	milk.		
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8.3.2 Demographic	risk	factors	

Some	children	may	be	less	likely	to	be	referred	to	an	ear	nurse	or	for	TTP	by	a	GP,	because	

they	are	less	likely	to	be	taken	to	see	a	GP	when	they	have	OME.	This	could	be	a	matter	of	

access	to	healthcare,	or	of	attitudes	toward	ear	disease.	Studies	using	home	visits	may	be	

valuable	 to	help	distinguish	 risk	of	COME	from	 likelihood	of	 referral	 for	TTP	 in	children	of	

Asian,	Māori,	and	Pacific	ethnicity.	If	it	is	determined	that	some	families	are	less	likely	to	take	

children	to	the	GP	for	a	diagnosis	of	OME,	such	studies	may	help	to	identify	the	reasons.		

8.3.3 Use	of	nasal	swabs	in	OM	research	

We	found	that	microbiota	gathered	in	nasal	swabs	were	associated	with	ME	disease.	A	nasal	

swab	is	a	more	convenient	technique	for	use	in	conscious	children	than	a	NP	swab,	which	is	

not	always	well	tolerated.	The	use	of	nasal	swabs	would	be	well	suited	to	prospective	studies	

with	multiple	measurements,	as	uncomfortable	techniques	are	more	likely	to	be	rejected	on	

repetition.	 Further	 study	 of	 the	 similarities	 and	 differences	 in	 the	 nasal,	 NP,	 and	 ME	

microbiota	 would	 aid	 in	 the	 interpretation	 of	 specimens	 retrieved	 from	 the	 different	

locations.	

8.3.4 Nasal	passage	microbiota	

We	have	posited	several	 theories	that	relate	to	microbial	changes	 in	the	respiratory	tract.	

Prospective	 studies	 using	 nasal	 swabs	 to	measure	 type	 and	 load	 of	 viruses	 and	 bacteria,	

alongside	occurrences	of	URI	 and	OM,	 could	be	used	 to	 test	our	proposition	 that	 a	more	

mixed	 and	 mature	 respiratory	 bacterial	 community	 may	 be	 protective	 against	 the	

development	 of	 COME.	 If	 nasal	 otopathogen	 species	 and	 load	 can	 be	 measured	 using	

techniques	such	as	qPCR,	 it	could	be	determined	whether	bacteria	overgrowth	 lies	on	the	
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causal	pathway	to	COME,	and	what	circumstances	make	it	more	likely.	Nasal	mucosal	biopsy	

to	detect	biofilms	or	intracellular	bacteria	may	be	too	invasive	to	use	on	children.	However,	

as	new	methods	of	identifying	the	presence	and	spread	of	biofilms	and	intracellular	bacteria	

in	the	nose	are	developed,	these	could	be	applied	to	test	our	theory	that	the	growth	of	nasal	

otopathogen	biofilms	is	related	to	both	COME	and	to	nasal	obstruction	and	snoring.	Tests	of	

nasal	microbiota	 in	 infancy	 could	 help	 to	measure	whether	 the	 early	 composition	 of	 the	

respiratory	microbiome	may	be	predictive	of	later	development	of	COME	in	preschool	years,	

as	we	have	suggested.	

8.3.5 Goblet	cell	hyperplasia	and	systemic	cytokine	concentrations	

Others	have	noted	that	goblet	cell	hyperplasia	in	the	ME	could	help	to	explain	the	chronicity	

of	COME,	through	ongoing	mucin	hypersecretion.	We	have	suggested	that	children	prone	to	

goblet	cell	hyperplasia	in	the	ME	may	also	experience	it	in	the	nasal	passages,	and	that	the	

mucous	produced	in	the	nose	by	such	cells	may	also	help	to	explain	the	association	between	

COME	and	nasal	obstruction	that	we	have	observed.	We	also	proposed	that	our	finding	of	a	

relationship	between	serum	concentration	of	the	cytokines	IL-10	and	TNFa	may	be	related	to	

modulation	 of	 inflammation	 including	 goblet	 cell	 production.	 If	 a	 non-invasive	method	 of	

measuring	goblet	cell	count	in	the	nasal	cavity	or	on	the	nasal	turbinate	was	available,	this	

theory	could	be	tested	together	with	blood	tests	for	systemic	cytokine	concentrations.	

8.3.6 Vitamin	D	and	probiotics	

Our	propositions	that	higher	serum	25(OH)D	and	a	mixed	microbiota	of	the	nasal	passages	

may	protect	against	COME	could	be	tested	through	direct	experiments.	Children	with	OME	

could	be	enrolled	into	an	RCT	in	which	treatment	with	either	vitamin	D	supplementation	or	

nasal	or	oral	probiotics	is	compared	with	a	placebo,	to	determine	whether	these	treatments	
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reduce	the	risk	of	development	of	COME.	Baseline	and	final	measurement	of	serum	25(OH)D,	

nasal	 microbiota,	 and	 serum	 cytokine	 concentrations,	 along	 with	 reporting	 of	 nasal	

obstruction,	URI,	and	other	risk	factors	could	help	to	determine	the	causal	pathways	by	which	

these	treatments	may	work.	

8.3.7 Clinical	practice	

Awareness	 of	 the	 risk	 factors	 for	 COME	may	 help	 clinicians	 in	 advising	 parents	 of	 young	

children	with	OME.	Nasal	obstruction	and	snoring	may	be	indicators	that	a	child	with	OME	is	

more	likely	to	develop	COME.	In	such	children,	avoidance	of	URI	by	reducing	time	spent	with	

groups	of	other	children,	especially	children	that	may	be	unwell,	may	help	to	reduce	the	risk	

of	chronicity.	
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9 Conclusion	

Intricate	 fields	 such	as	virology,	bacteriology,	 immunology,	genetics,	and	histology	all	play	

important	roles	in	our	understanding	of	COME.	The	cause	is	not	a	simple	process,	rather	it	

appears	to	be	a	cascade	of	complex	processes.	

The	 pathogenesis	 of	 COME	 is	 an	 area	 that	 has	 previously	 been	 under-developed,	 often	

focusing	largely	on	the	ME	or	on	a	single	step	in	the	pathway.	We	used	this	case-control	study	

comparing	 preschool	 children	 with	 COME	 to	 healthy	 children	 to	 achieve	 a	 more	

comprehensive	view	of	 the	many	 factors	 involved	 in	COME.	This	approach	allowed	me	 to	

assess	which	determinants	are	independently	associated	with	COME,	with	consideration	to	

the	many	possible	confounders,	and	to	integrate	these	results	with	prior	research	to	propose	

an	updated	pathogenesis	of	COME.	

There	 are	 two	 key	 features	 in	 the	 pathogenesis	 of	 COME.	 The	 first	 is	 a	 disruption	 of	 the	

microbiota	of	the	nasal	passages,	often	due	to	URI.	This	understanding	is	best	viewed	in	light	

of	the	microbiome	paradigm,	which	explains	the	complex	microbial	ecology	of	the	respiratory	

system	that	has	emerged	during	our	co-evolution	with	endogenous	microbes.	We	observed	

a	higher	abundance	of	pathogens	and	lower	abundance	of	commensals	in	the	anterior	nares	

of	 children	 with	 COME,	 and	 found	 that	 a	 more	 mixed	 and	 diverse	 microbial	 profile	 was	

associated	with	 lower	risk.	These	findings	are	consistent	with	pathogen	overgrowth	 in	the	

nasal	passages	as	a	precursor	and	reservoir	for	the	ascent	of	pathogens	to	the	ME.	They	may	

also	 reflect	 a	 more	 diverse	 nasal	 microbiome	 with	 a	 thriving	 community	 of	 commensal	

bacteria	helping	 to	suppress	pathogen	overgrowth	 in	 the	nasal	passages.	This	observation	

presents	another	reason	to	be	cautious	with	antibiotic	use,	beyond	our	growing	concern	with	
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antibiotic	 resistance,	 in	 that	antibiotics	may	disrupt	endogenous	microbial	communities	 in	

ways	 that	 reduce	 their	 capacity	 to	 suppress	 pathogen	 overgrowth.	 Conversely,	 it	 also	

presents	an	opportunity	for	the	development	of	treatment	approaches	that	promote	diverse	

commensal	growth	in	the	nasal	passages	as	a	deterrent	to	pathobiont	overgrowth.	

Critically,	we	found	that	pathogenic	bacteria	were	as	likely	to	be	present	in	the	nasal	passages	

of	healthy	children	as	in	those	with	COME.	From	this	I	deduce	that	the	pathogens	involved	in	

COME	are	endogenous	pathobionts	that	dwell	relatively	harmlessly	in	the	nose,	until	they	are	

disrupted	by	stimuli	such	as	URI.	I	speculate	that	pathobionts	reside	in	the	nasal	passages	in	

a	 biofilm	 state.	 When	 stimulated	 by	 viral	 infection	 these	 biofilms	 may	 release	 virulent	

distributed	bacteria	that	are	more	likely	to	ascend	to	the	ME.	This	polymicrobial	interaction	

would	help	to	explain	the	common	finding	of	frequent	URI	as	an	independent	risk	factor	and	

precursor	for	COME,	which	we	also	replicated.	I	have	suggested	that	our	finding	of	frequent	

nasal	obstruction	and	snoring	as	independent	risk	factors	for	COME	may	also	be	explained	by	

pathobiont	biofilm	overgrowth	 in	 the	nasal	passages.	 In	addition	 to	being	a	 risk	 factor	 for	

COME,	this	overgrowth	may	 lead	to	nasal	obstruction,	due	to	chronic	 inflammation	 in	the	

nasal	passages	in	response	to	pathogenic	bacterial	biofilms.	

This	leads	us	to	the	second	and	final	key	finding	in	the	pathogenesis	of	COME,	which	is	an	

excessive	 inflammatory	 response	 to	 bacterial	 stimulation	 due	 to	 immune	 system	

dysregulation.	Our	observation	that	higher	serum	25(OH)D	concentration	was	associated	with	

a	reduced	risk	of	COME	is	best	explained	through	the	immunoregulatory	functions	of	vitamin	

D.	Low	serum	25(OH)D	concentration	may	be	one	of	several	risk	factors	that	lead	to	goblet	

cell	hyperplasia,	resulting	in	chronic	production	of	mucin,	which	is	a	key	component	of	MEE.	

Serum	25(OH)D	concentration	is	lower	in	younger	children	and	in	winter,	and	could	represent	



CONCLUSION	

 253 

a	mechanism	by	which	these	known	risk	factors	for	COME	act,	via	impaired	immune	function.	

This	presents	another	possible	prevention	and	 treatment	approach,	 in	 the	 form	of	 raising	

vitamin	D	levels	to	those	seen	in	healthy	children	during	summer.	

We	 also	 observed	 raised	 serum	 TNFa	 concentration	 in	 children	 with	 COME,	 which	 is	

consistent	with	an	excessive	inflammatory	response.	High	concentration	of	TNFa	has	been	

associated	 with	 mucin	 overproduction.	 Serum	 concentration	 of	 the	 anti-inflammatory	

cytokine	IL-10	was	also	found	to	be	raised	in	the	cases.	IL-10	usually	plays	an	opposing	role	to	

TNFa,	 and	 this	 finding	 may	 reflect	 an	 immune	 reaction	 to	 moderate	 the	 excessive	

inflammation	associated	with	raised	TNFa	concentration.	

Two	other	novel	determinants	were	found,	that	may	shed	further	light	on	the	pathogenesis	

of	COME	should	they	prove	to	be	robust.	We	observed	that	prolonged	labour	and	cow’s	milk	

exposure	 before	 13	months	 were	 risk	 factors	 for	 COME,	 and	 I	 have	 speculated	 that	 the	

mechanism	for	these	potential	determinants	may	be	their	effect	on	microbiota	maturation.	

This	work	adds	to	our	understanding	of	how	early	life	events	may	contribute	to	poor	health	

outcomes	 later	 in	 life,	 including	 COME	 in	 preschool	 years.	 Prolonged	 labour	 is	 often	

associated	with	early	antibiotic	use,	which	may	disrupt	the	respiratory	microbiota.	Early	cow’s	

milk	exposure	may	also	affect	the	microbiota,	but	could	also	act	via	cow’s	milk	protein	allergy.	

However,	we	did	not	test	IgE	sensitivity	to	cow’s	milk,	which	is	a	limitation	of	this	study.	We	

did	not	find	IgE	sensitivity	to	inhalant	allergens	to	be	risk	factors	for	COME,	however	allergic	

rhinoconjunctivitis	was	associated	univariably,	which	is	consistent	with	others’	observations	

of	allergy	as	a	risk	factor.	If	allergy	should	prove	to	be	a	risk	factor	for	COME,	the	mechanism	

may	also	be	an	increased	risk	of	excessive	inflammatory	response.	
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It	is	noteworthy	that	the	unwell	children	in	this	research	had	already	had	OME	for	at	least	

three	months	at	the	time	when	the	samples	and	data	were	gathered.	Our	findings	relating	to	

nasal	symptoms,	bacterial	nasal	profiles,	and	serum	cytokine	concentration	therefore	appear	

to	have	been	occurring	chronically	in	parallel	with	COME,	for	months	at	a	time.	These	parallel	

chronic	changes	that	often	accompany	COME	go	beyond	the	ME,	certainly	as	far	as	the	nasal	

passages,	and	even	to	the	systemic	level	of	serum	cytokine	concentrations.	We	also	identified	

asthma	and	allergic	rhinoconjunctivitis	as	being	associated	with	COME	in	univariable	analyses.	

The	immune	dysregulation	that	makes	some	children	prone	to	COME	through	local	immune	

responses	in	the	ME	may	simultaneously	increase	their	risk	of	comorbidity	with	other	chronic	

conditions	 elsewhere,	 and	 be	 observable	 at	 a	 systemic	 level.	When	 addressing	 COME	we	

should	therefore	think	and	observe	beyond	the	ME	to	get	a	fuller	picture	of	the	wellbeing	of	

the	child.	

This	 model	 of	 the	 pathogenesis	 of	 COME	 presented	 here,	 and	 the	 evidence	 provided	 to	

support	 it,	 may	 help	 the	 research	 community	 in	 furthering	 our	 understanding	 of	 this	

condition,	and	present	new	opportunities	for	prevention	and	treatment.	
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