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Objectives

• Review advances in our understanding of OM 
pathophysiology

• Describe recent innovations in OM diagnosis
• Discuss recent updated guidelines for optimal 

OM treatment
• Predict the future of OM evaluation and 

management, focusing on impact of artificial 
intelligence and automation



Question #1

The incidence of Acute Otitis Media in children is:

1) Increasing (excluding C-19 related 2020 year)

2) Decreasing

3) Stable

4) Variable
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Monasta, Lorenzo, et al. PloS one, 2012, Vol.7 (4), p.e36226-e36226





Bacteriology of OM
EARLY PCV7 LATE PCV7 EARLY PCV13

S. Pneumo 30% S. Pneumo 45% S. Pneumo 25%
NTHi 50 % NTHi 25% NTHi 55%

Kaur, R; Morris, M; Pichichero, M. Pediatrics (Evanston), 2017-09-01, Vol.140 (3)



Suaya, José A, et al. Vaccine, 2018-11-26, Vol.36 (49), p.7479-7486



Question #2

The main factor contributing to Otitis Media 
susceptibility in children is:

1) Eustachian Tube dysfunction

2) Adenoidal disease

3) Immune system

4) Pathogen



Rovers, M; Schilder, A; Zielhuis, G; Rosenfeld, R. The Lancet (British 
edition), 2004, Vol.363 (9407), p.465-473 
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Otitis Media: a Continuum of Disease

Healthy
• No fluid

Acute OM
• High bacteria count

• Purulent fluid
• Immune cells

NTHi

Chronic OM
• Remodeling of epithelium

• Production of mucus – COME
Low bacteria ‘count’

• May be suppurative - CSOM
High bacteria ‘count’

?

Ubiquitous condition of early childhood with up to 
15 million office visits and national cost of 3 to 6 
billion dollars (+ hearing loss, speech delay, family 
burden)



In vivo chronic effect of Non-typeable Haemophilus influenza on 
mouse ear

10x 40x 10x 40x

Saline NTHI  



Question #3

Acute Otitis Media inflammatory response is primarily 
mediated by:

1) Neutrophils

2) Natural Killer cells

3) Eosinophils

4) Memory T-cell and B-cell activation
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Response to stimulus 197 genes (, p<0.05)





1) Mucins genes not upregulated with NTHi stimulation in mMEEC at early time points.
2) Robust Cxcl2 upregulation with NTHi for mMEEC in culture.



1) Muc5ac upregulated at 48-96 hours.
2) Muc5b upregulation occurs later and is more attenuated, from 96 hours to 3 weeks.





Human COM Effusion Proteomics

1. SDS PAGE gel 2. Fractionation 3. LC-MS Mass Spec







Muc5AC Muc5B

Mucoid 30/42 (71.4%) 42/42 (100%) 

Serous 2/6 (33%) 5/6 (83%)

Total 32/48 (66.7%) 47/48 (97%)
Duah et al., IJPORL, 2016 Nov;90:133-137

MUC5B

p<0.05

MUC5AC



What else is going on in the 
human chronic middle ear fluid 
proteome?



“One finds what one seeks, and 
one seeks what one knows…”

- Claude Bernard (1813-1878)



30 most abundant proteins in mucoid OM secretions
HIGH PEPTIDE COUNT

Q8TDL5
Long palate, lung and nasal epithelium 
carcinoma-associated protein 1 (LPLUNC1) 

P02788 Lactotransferrin (LTF)
Q9HC84 Mucin-5B (MUC5B) 
P62736 Actin, aortic smooth muscle (ACTA2) 
P62805 Histone H4 (HIST1H4A) 
P05109 Protein S100-A8 (S100A8)
P06702 Protein S100-A9 (S100A9)

INTERMEDIATE PEPTIDE COUNT
P60709 Actin, cytoplasmic 1 (ACTB)
P02679 Fibrinogen gamma chain (FGG)
Q9NP55 Protein Plunc (PLUNC)
P05164 Myeloperoxidase (MPO)
P02675 Fibrinogen beta chain (FGB)
P08311 Cathepsin G (CTSG)
Q96QV6 Histone H2A type 1-A (HIST1H2AA)

P04406 Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
P08246 Leukocyte elastase (ELA2)
P01833 Polymeric immunoglobulin receptor (PIGR)

Q9UGM3 Deleted in malignant brain tumors 1 protein (DMBT1)
P06733 Alpha-enolase (ENO1)
P33778 Histone H2B type 1-B (HIST1H2BB)
Q562R1 Beta-actin-like protein 2 (ACTBL2)
P80188 Neutrophil gelatinase-associated lipocalin (LCN2)
P12814 Alpha-actinin-1 (ACTN1)
P04083 Annexin A1 (ANXA1)
P08670 Vimentin (VIM)
P30740 Leukocyte elastase inhibitor (SERPINB1)
Q9BYX7 Beta-actin-like protein 3 (ACTBL3)
P02671 Fibrinogen alpha chain (FGA)
P61626 Lysozyme C (LYZ)
P02790 Hemopexin (HPX)
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Proteins implicated in 
innate mucosal immunity

30 most abundant proteins in mucoid OM secretions
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“Neutrophil” proteins:

LTF 211
MPO 53
CG 28
AZU3 4
PR3 12
NE 79
ECP 2
LYZ 63

Our MEEs: 
average/sample

Total average: 452
Total peptide count/sample 2323
 These proteins represent 19.5% of 

peptide count in samples

Metzler et al., 2014, Cell Report



Neutrophil extracellular traps

Brinkmann et al., 2004, Science
Max Plank Institute (Berlin)

Induction with 
PMA (B, D, E, F)

NETs

Neutrophil 
elastase

DNA H2A+H2B













Giese, A; et al. Front. Genet., 23 April 2020 | 
https://doi.org/10.3389/fgene.2020.00313



Middle ear MUC5B



“every generalization is wrong, 
including this one…”

- Mark Twain



“all you need in this life is 
ignorance and confidence, and 
then success is sure…”

- Mark Twain



Putting it all together:
OM MODEL

Middle ear infection

Bacteria



Bacteria

Secretion of pro-inflammatory mediators 
(IL8)/exosomes



Bacteria

Neutrophil chemotaxis

Mucins
(MUC5AC) 
secreted

Acute Otitis Media



Bacteria

NETosis



Chronic Otitis Media

Bacteria/biofilms

Mucoid metaplasia

Mucins
(MUC5B) 
secreted

High viscosity of the MEEs: NETs trapped in the mucus, 
NET DNA increases MEE viscosity



Summary

• Holisitic understanding of OM reveals:
– Temporal regulation of inflammation
– Proteome profile of neutrophilic activation
– Microbiome is correlated to mucins, age, resp disease

• Reductionist understanding of OM:
– MUC5B is predominant macromolecular component
– NETs/Biofilms 





MUC5B is required for the middle ear innate immunity: not the bad guy ?



• MUC5B is predominant mucin in COM

• Glue ear comprised by NETosis and mucin

• MUC5B glycosylation pattern contributes to 
neutrophil activation and OM susceptibility

• A traditional respiratory microbiome profile 
correlates to young age, respiratory disease, 
hearing loss and mucin content

Summary – Human studies





How is Otitis Media 
managed?









Acute
Otitis Media

Rapid onset of signs and 
symptoms of inflammation
in the middle ear

Otitis Media
with Effusion

Middle ear effusion without 
signs or symptoms of
acute infection



“A specialist is someone who learns more and 
more about less and less until he/she knows 
everything about nothing….

A generalist is someone who learns less and less 
about more and more until he/she knows 
nothing about everything.”





Case 1
• 18 mo old, 

otherwise healthy
• 2 days of 38°C, 

fussy
• Pulling on ears
• Crying during the 

night time
• First episode
• Flat tymps



Case 1

• Antibiotics are indicated for this child
– TRUE
– FALSE











Hoberman A, et al. NEJM. 2011;364

NEJM 2011 Randomized Trials

Tahtinen P, et al. NEJM. 2011;364



Adapted from:
Hoberman A, et al. N Engl J Med 2011;364:105-15.

Persistence of Clinical Infection Signs
Hoberman A, et al. 

• Day 10-12
– Amoxicillin–clavulanate – 16%
– Placebo– 51%
P<0.001

• “In 6-23 month old pts amoxicillin–
clavulanate for 10 days affords a measurable 
short-term benefit, irrespective of the 
apparent severity of the illness”



Duration of Treatment
Hoberman A, et al. NEJM 2018



First line Abx for AOM

• Amoxicillin 40 mg/kg BID
• Amoxicillin/clavulonic acid 40 mg/kg BID
• Amoxicillin 90 mg/kg BID
• Amoxicillin/clavulonic acid 90 mg/kg BID







Schilder A, et al. OtoHNS, 2017





Case 2
• 18 mo old, 

otherwise healthy
• Afebrile
• Pulling on ears
• Crying during the 

night time for 2 
months

• First episode
• Flat tymps, 30 dB 

CHL



EMPOWERING PHYSICIANS TO DELIVER THE BEST PATIENT CARE

STATEMENT 1. OME OF SHORT DURATION:  Clinicians should not perform 
tympanostomy tube insertion in children with a single episode of otitis media with 
effusion (OME) of less than 3 months duration, from the date of onset (if known) or 
from the date of diagnosis (if onset is unknown).

Recommendation against based on systematic review of observational studies of natural 
history and an absence of any RCTs on efficacy of tubes for children with OME less than 
2-3 months duration with a preponderance of benefit over harm.

• Benefits: Avoid unnecessary surgery in children for whom benefits are uncertain and have 
not been studied, avoid surgery in children with OME and good spontaneous resolution

• Value judgments: Exclusion of children with OME <2m duration from all RCTs of tube 
efficacy was compelling evidence to question the value of surgery given the know risks of 
the procedure

Tympanostomy Tube CPG

Otolaryngol Head Neck Surg 2013; 149(Suppl):S1-35



Case 3

• 18 mo old, otherwise healthy
• Recurrent AOM, 5 times in 6 months
• Pulling on ears
• Currently afebrile
• Crying during the night time
• Normal Tymps, Normal Audio



Case 3

• Prophylactic antibiotics- they are indicated
– TRUE 
– FALSE

• PE tubes – they are indicated
– TRUE
– FALSE











Secondary Outcomes

• 50% of medical management group 
crossed over to TTP

• Tubes associated with less severe OM 
symptoms scores

• Less usage of oral antibiotics in TTP group
• Less days with diarrhea in TTP group
• More days with otorrhea in TTP group 





SBU Report, 2008





Parker, DM et al. 





Future in Otitis Media



Effusion

Middle ear

Ear 
canal

Tympanic
membrane

Middle ear

Ear 
canal









Control
no push

no particles
in middle ear

Push: Red 
particles in 
middle ear 

scrape











Conclusions

• OM is an immunological disease –
– NTHi is dominant pathogen in 2022
– MUC5B is predominant mucin

• We need to improve diagnostic methods
• Tubes do not reduce number of infections, but 

improve disease severity 
• Transtympanic drug delivery will be a game 

changer
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Thank-you!
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