UNIVERSITEIT
GENT

Academic Year 2013-2014

THE BIOFILM PARADIGM
AS THE ELUCIDATION OF
OTITIS MEDIA WITH EFFUSION

Ann-Sophie DE PAEPE
Edward LAMBERT

Promoters : Prof. Dr. Ingeborg Dhooge, MD, PhD,

Prof. Dr. Mario Vaneechoutte, PhD
Co-promoter: Dr. Helen Van Hoecke, MD, PhD

Dissertation presented in th® ®aster year
in the programme of

Master of Medicine in Medicine

D E‘{nm?

FACULTY OF MEDICINE AND

HEALTH SCIENCES



Foreword

This thesis was written in the context of our Mastegree in Medicine at the University of
Ghent. During the past two years, we had the ggeélto meet and work together with a lot of
different people, who each had their own influenneour work. Therefore, we would like to

use this opportunity to thank everybody who supmmbend helped us.

First of all, we would like to thank our promotePspf. Dr. Ingeborg Dhooge, Prof. Dr. Mario
Vaneechoutte and Dr. Helen Van Hoecke, for theidance, encouragements and their
critical view on this work. We enjoyed working tdher with them in a pleasant, friendly and

open atmosphere.

Special thanks goes to Leen Van Simaey, Pieter Hagdt, Piet Cools and Jonas Van
Belleghem, who helped us with the technical aspefcthis work in the LBR (Laboratory of

Bacteriological Research). We want to thank thera for the pleasant and friendly
atmosphere.

For the use of the confocal light scanning micrpgcave want to thank Prof. Dr. Bart Van
De Kerckhove, Stijn Vanhee, Katia Reynvoet and $opermaut, for their trust, help and

patience.

At last, we want to thank Prof. Dr. G. Van Maeler, his time, guidance and help with the

statistical analysis of our results.



Table of contents

Y o111 = Vot (=T | £ o ) 1.
Y 011 = T (1 (o ) 3.
[T oo [0 ox (o] o RO PP PRTTR PP 5.
N B 1= {1 1170 I PP PPRP SRR 5
2 1 oo =T 03T T0] (o o Y2 SRR 5
G T = 11 7o o] )25 (o (o o | 6
S (] = oo £ PP PP 7
LT 1Y/ 101 0] (0] 1 1 J PP PP UUPUPPPPPTPPPPPUPN 1C
ST ©Fo T o ] o] [Tor=1 1 o] o F= ST TR TP PP PTPPPRT 1C
A O [T g o= 1o [ =T | 0 1S LS U T TP U PR 1C
S T o oo [0 1] [ PP PPPPUPRURTPT 11
S T I (- 11 01T o | PP PP PUPPRPPP 11
0 R = - i 1= o1 (o o 2SR K
SO =T 111 P UEO PR 14
D2 o o Tox 11 o ] o PRSP PS 1€
13. General goals Of the thESIS ... e e e 1€.
Materials and MethOdS .........cooo i 1€
S 1F o Y Yo 11 F= 14 o PSRRI 1¢
B 11 [0 |- (U o TS 1¢
I T |V =1 1 o o PRSP PRP 2C
1. Surgical collection of MEE, nasopharynx and @MRiSSUE.............ceeeeereeiieiieeseees s snnnennnnnes 2C
2. SAMPIE PrOCESSING ...uuuurrrririiiieieitieeteeettette e e et e e it st as sttt eereereaeaaeasasaasaaaasnssenrreennnerrreeeeeaeaeees 2C.
= T O T 1 (0] ¢ oo [P PPPPPTRTTR 2z
o T o 1= 01 1) o= U1 T o PP PP PP P PPP PR 2%
Lo O Vo] o] (=2S1=] V= i [o] o PP PPPPUPTTPT R 21
. DNACEXIFACLION ..ottt e e e e e e e e e e e e e e e e s bnnb bbbt s e seeeeeeas 21
e. Quantification by quantitative PCR ..o 31
f. Genotyping by melting curve random amplifiedyubrphic DNA (MCRAPD) ............cccceee 33
g. Fluorescence in situ hybridization (FISH) ..cccccooooiiiiiiiieeeee e 3t
h. Confocal laser scanning MICroSCOPY (CLSM) cmmmeei it e e e e e e e e se e s 3¢
LTS = L] Tt PP PPPR 3E.
TS U SRR vty
1. Patient characteristics, history and risk fatQr..........ccuuuviiiiiiiiiriieccc e AC
P O 1 (0] = PP RP P OOPPPRPPRRSRRRY A1
I T o | = 1 = RO RRT R PUPRRY Az
4. Relation between bacterial species in MEE alahaid/nasopharynx samples................ commmmmn oo 4E
LT €= o7 Y o 11 o PR 4E
6. Relation between culture and P CR......co iiiiiiiiiiiiiieieeieeee e e e A
A = 1] P RP O UUUPRPPRSSRR AC
D IST o] B ES1] o] o PP PRSPPI 5E.
1= 1S PRSP RTTTPR 5¢
B I (== L 0 =T a1 01T 62
(7] 0 Tox [1 ][] o PP PP PP 64.

RS (=] [T 6EF.



List of abbreviations

ACK

ALB

AOM

BTS

CHOC plates
CLSM
COME

CO,

Cq

DAPI

DNA

ENT

ET

EtOH

FISH

GUH

HCI

HPLC

H. influenzae
H. pylori

IVD

LBR
MALDI-TOF/MS

McRAPD
MEE

NaOH

NO

NTHi

OME

M. catarrhalis
PCR

Ammonium-Chloride-Potassium
Alkaline lysis buffer
Acute otitis media

Bacterial test standard

Chocolate plates
Confocal laser scanning microscopy
Chronic otitis media with effusion
Carbon dioxide
Cycle of guantification
4',6-diamidino-2-phenylindole
Deoxyribonucleic acid
Ear nose throat
Eustachian tube
Ethanol
Fluorescence in situ hybridization
Ghent University Hospital
Hydrochloric acid
High-performance liquid chromatography
Haemophilus influenzae
Helicobacter pylori
In vitro diagnostic
Laboratory for Bacteriological Research
Matrix assisted laser desorption/ioaion time-of-flight mass
spectroscopy
Melting curve random amplified polymorpidNA
Middle ear effusion
Natrium hydroxide
Nitrogen oxide
Non-typeabléHaemophilus influenzae
Otitis media with effusion

Moraxella catarrhalis

Polymerase chain reaction



PK

gPCR
RNA
rRNA

RT

S. aureus
SDS
SNHL

S. pneumoniae
TCA

TOF

TSB
URTI

Proteinase K

Quantitative polymerase chain reaction

Ribonucleic acid

Ribosomal ribonucleic acid

Room temperature
Staphylococcus aureus

Sodium Salt

Sensorineural hearing loss
Streptococcus pneumoniae

Trichloroacetic acid

Time of flight

Tryptic soy broth

Upper respiratory tract infection



Abstract

Abstract
Objective

Otitis media with effusion (OME) is a highly preeal disease in children, but the
pathogenesis is still not well understood. Cultoegative but PCR positive results from
middle ear effusion (MEE) samples have led to thpothesis that biofilm structures are
involved in the pathogenesis of OME. Though a fotesearch is focused on biofilms, there
are fewin vivo studies that prove a relation between biofilm faioraand OME. Trying to
establish the role of biofilms in the pathogenedi©ME, this research focused on two main
aspects. The first goal was to confirm the hypoth#sat the adenoid acts as a reservoir for
otopathogenic bacteria by demonstrating that tineeslbacterial species and genotypes were
present in both the MEE and the adenoid. The segmadl was to find evidence of the

presence of biofilm structures in the middle e&usebns of children with COME.

Methods

MEE and adenoid samples were collected from 34epttiwith COME who underwent

ventilation tube insertion and adenoidectomy. Nasoynx swabs were collected from 11
patients. A pilot study was conducted in 13 ouéfpatients in order to optimise the different
techniques that would be used in the final studityce techniques, identification techniques
and fluorescence in situ hybridization (FISH)) aodidentify the most frequent bacterial
species present in the nasopharynx, the adenoithamdiddle ear effusions (MEE). Some of
the results of the pilot study were analysed togrethith data of the final study. The final

study comprised 21 patients, in which culturinghagping and fluorescence in situ
hybridisation (FISH) were performed. Samples of3l patients were cultured on CHOC-
plates in aerobic and anaerobic conditions. Culturacteria were identified using matrix
assisted laser desorption/ionization time-of-flighass spectroscopy (MALDI-TOF/MS) and
genotyped by melting curve random amplified polyptoc DNA (McRAPD).

Results

The MEE and adenoid samples were culture positive Haemophilus influenzae
Streptococcus pneumonjddoraxella catarrhalisor Staphylococcus aureus 22/34 patients
(65%) and 23/34 patients (68%) respectivélyinfluenzaeandS. pneumoniawere the most
frequently cultured bacteria in the MEE and adersaithples respectively. In 19/22 patients
(86%) the same bacterial species was found in MitE aalenoid/nasopharynx samples. In

63% of these cases, the same genotype was founthe@Gamples of which both gPCR and
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culture were performed, a culture negative but qR©Bitive results was found in 23.6%.
Live bacteria were detected in 10/10 studied sasnwith CLSM. In 5/10 (50%) sampled,

influenzaespecific biofilm structures were observed.
Conclusion

The results of this study support the hypothesas tie adenoid indeed acts as a reservoir for
otopathogenic bacteria and thereby facilitatesciida of the middle ear. Secondly, the
findings in this study indicate that biofilms, sgmally consisting ofH. influenzae are
indeed present in the middle ear effusions of caiidvith OME. This leads to the conclusion
that biofilms may play a crucial role in the patbogsis of otitis media with effusion, which
is important in the understanding of this diseasd the development of potential future

treatment options.
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Doelstelling

Otitis media met effusie (OME) is een zeer previ@emiekte bij kinderen, maar de
pathogenese van deze ziekte is nog steeds niedigplbpgehelderd. Cultuur negatieve maar
PCR positieve resultaten van het middenoorvochbéelaanleiding gegeven tot de hypothese
dat biofilm structuren betrokken zouden zijn bij pathogenese van OME. Hoewel veel
researchprojecten zich richten op onderzoek nadiirbj zijn er weinig studies gepubliceerd
waarin men een verband heeft kunnen aantonen tudserorming van biofilms en het
ontstaan/in stand houden van OMEvivo. Om dit verband aan te tonen, richtte dit onderzoek
zich op twee belangrijke aspecten: enerzijds wetdaght aan te tonen dat het adenoid dienst
doet als een reservoir voor otopathogene bactea@derzijds werd gepoogd evidentie te
vinden voor de aanwezigheid van biofilm structurehet middenoorvocht van kinderen met
COME.

Methodes

Middenoorvocht- en adenoidstalen werden geprelevégr 34 patiénten met chronische
COME die diabolo’s geplaatst kregen en die een @dentomie ondergingen. Nasofarynx
swabs werden afgenomen bij 11 patiénten. Een pdtatie werd uitgevoerd met stalen van
13 van de 34 patiénten om de technieken te opserain die in de finale studie zouden
gebruikt worden (kweektechnieken en fluorescentiesitu hybridisatie (FISH)) en om de
meest voorkomende bacterién in de nasofarynx-, aderen middenoorvochtstalen te
identificeren. Sommige resultaten van de pilootstuderden geanalyseerd samen met de
resultaten van de finale studie. De finale studistind uit 21 patiénten, waarbij kweek,
genotypering en FISH werden uitgevoerd. Alle stalan de 34 patiénten werden in cultuur
gebracht op CHOC-platen onder aerobe en anaerobtaodigheden. Gekweekte bacterién
werden geidentificeerd met behulp van matrix asgisaser desorption/ionization time-of-
flight mass spectroscopy (MALDI-TOF/MS) en werderggnotypeerd met behulp van
melting curve random amplified polymorphic DNA (MABRD). Voor de kwantificatie van
bacterién, aanwezig in de klinische stalen, werdhrkitatieve polymerase chain reaction
(gPCR) gebruikt. Het visualiseren van biofilm inusgebeurde met behulp van FISH en

confocale laser scanning microscopie (CLSM).
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Resultaten

De middenoorvocht- en adenoidstalen waren cultwsitief voor Haemophilus influenzae
Streptococcus pneumonjaddoraxella catarrhalisof Staphylococcus aureurs respectievelijk
22/34 patiénten (65%) en 23/34 patiénten (68%)influenzaeen S. pneumoniagvaren de
meest frequent aanwezige bacterién in respectievdi middenoorvochtstalen en de
adenoidstalen. In 19/22 patiénten (86%) werd hieteddacteriéle species gevonden in zowel
het middenoorvocht als in het adenoid/nasofarynx63% van deze gevallen betrof dit ook
hetzelfde genotype. Van de stalen die zowel gekiveekden als voor gPCR gebruikt
werden, werd een cultuur negatief maar een gPCRigdagsultaat gevonden in 23.6% van
de gevallen. Levende bacterién werden gedetecieeld10 bestudeerde stalen met CLSM.

In 5/10 (50%) stalen werdeth influenzaespecifieke biofilm structuren geobserveerd.

Conclusie

The resultaten van deze studie ondersteunen dethegm dat het adenoid dienst doet als
reservoir voor otopathogene bacterién en daardufectie van het middenoor faciliteert.
Daarnaast wijzen de resultaten van deze studiedabpiofilmstructuren, specifiek bestaande
uit H. influenzagaanwezig zijn in de middenoorvochtstalen van &éed met OME. Dit leidt
tot de conclusie dat biofilms inderdaad een crecial kunnen spelen in de pathogenese van
OME, wat belangrijk is voor het volledig begrijpgan deze ziekte en de ontwikkeling van

potentieel nieuwe behandelingen.
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The biofilm paradigm as the elucidation of otitisdia with effusion
Introduction

1. Definition
Otitis media with effusion (OME) is an inflammatiof the middle ear in which a collection
of serous or mucous fluid (middle ear effusionpiesent in the middle ear cavity behind an
intact tympanic membrane. Typically, there are igms or symptoms of an acute infection
(no pain, fever or malaise), but hearing loss mwmn. When the effusion is present for more
than three months, it is defined as chronic otitesdia with effusion (COME) (1-3).

2. Epidemiology

OME is the most common middle ear disease in yothmtgiren, with a peak prevalence
around the first and fifth year of life. It accoarbr 25-30% of all cases of otitis media (2, 4).
Although OME is known as a benign condition, chteazed by a high percentage of
spontaneous recovery, it is also the most commasecaf primary care visits, referral for
surgery and use of antibiotics during the firstrgea life. More than 80% of all children will
experience one or more episodes of OME before negdhe age of four (1, 3, 4). The
cumulative recurrence rate is 50% within 24 months There is a great variation in
prevalence of OME over time, with a high prevalemecewinter and autumn and lower
prevalence in summer. In data collected from 1980989, the prevalence of beta-lactamase
producingHaemophilus influenzaand Moraxella catarrhalisin middle ear effusions from
patients with OME increased significantly (3, 5helgreat variation of prevalence rates
among the worldwide OME reports, ranging from %1%, can be the result of different
diagnostic methods being used, differences in @aul and race, antibiotic use and the
vaccination against middle ear pathogens (6). Timgact of vaccination is much debated.
Analysis of the best available published articlastlus matter shows no significant effect of
pneumococcal vaccination in the prevention of OME.

Rarely, OME is also seen in adults after upperiragpy tract infection (URTI), after rapid
changes in air pressure due to air travelling aubacdiving or in association with
nasopharyngeal masses. The incidence of OME insadubwever, is much lower than in
children (2, 4).
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3. Pathophysiology
The etiology of OME is multifactorial and many d&fént factors play a role in the
pathophysiology of OME (7, 8). To cause inflammataf the middle ear, pathogens have to
be able to adhere to the nasopharyngeal wall asider¢here, to enter the middle ear cavity
through the Eustachian tube (ET) and to overcorealéiensive mechanism of the middle ear
(7). This leads to the understanding that two nfiamors are implicated in the pathogenesis
of OME: dysfunction of the Eustachian tube and irturigy of the immune system. In this
respect, patients can develop OME as the res@dhdOM (acute otitis media) or OME can

developde novo
3.1 Bacteriology

H. influenzae, Streptococcus pneumorsiadM. catarrhalisare the most common pathogens

implicated in OME (3, 9, 10). Bacteriology is dissed in detail in section 10.
3.2  Dysfunction of the Eustachian tube

Impaired function of the Eustachian tube can hawdtiple causes. Functional impairment
can be caused by inflammation secondary to an URTdse infections, caused by respiratory
syncytial virus, parainfluenza, rhinovirus, infleen enterovirus or adenovirus, also have
deleterious effects on the mucociliary system efET, which facilitates the entry of bacteria
in the middle ear through the Eustachian tube Y40Once in the middle ear, the pathogens
must be able to withstand and overcome the defensigchanisms of the tubotympanum
(anatomic and immunologic). Some subpopulationgloldren are more at risk to have a
compromised function of the Eustachian tube andldeelop OME: children with down

syndrome, a cleft palate or other craniofacial amleas have higher chance of anatomical
impairment of the Eustachian tube and thus aregt fiisk for anatomic causes of OME (4).

Mechanical obstruction of the Eustachian tube @anadused by adenoid hyperplasia (7).

The anatomy of the Eustachian tube of childrenfferént from adults, which contributes to
the increased incidence of otitis media in earlydtiood. In infants, the Eustachian tube is

short, horizontally orientated and lacks stiffn€gs
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3.3  Immatureimmune system

The normal tubotympanum is immunologically protectet only by the adaptive immune

system but also by the mucociliary system and ¢ceeted molecules of innate immunity.

The normal innate immune system acts by microbicpptides and proteins, such as
lysozyme, lactoferrin and defensins that can bexdoon the epithelium lining of the upper
airway. These antimicrobial components can selelgtidisrupt bacterial cell walls and
membranes, sequester microbial nutrients or actdesoys for microbial attachment.
Therefore, potential middle ear pathogens may eesidthe nasopharynx without causing

middle ear disease (7).

Waldeyer’s ring, a group of mucosa-associated lyorgplissue consisting of the tonsillae
palatinae, tonsillae linguales, the adenoid, thensitae tubariae and the plicae
tubopharyngicae, acts as a primary adaptive imnu@fense mechanism at the entry of the
respiratory tract (7, 11). Lymphoid cells can reuag and destroy nasopharyngeal pathogens.
They are also responsible for the production céattir and memory lymphocytes that migrate
to neighbouring mucosal sites to act as a reinfoecg of the local immune response.
Nasopharyngeal secretions contain secretory anébddIgA and IgM) that inhibit bacterial

and viral adherence and reduce nasopharyngeakiaactdonization.

In young children, this adaptive immune responseoiswell developed. Children may also
lack secretory IgA or specific IgG2 antibodies agaithe capsular polysaccharides Sf

pneumoniagwhich makes them very vulnerable for this patimogg.

4. Risk Factors
Knowledge of environmental (extrinsic) and hostr{insic) risk factors for the development
of OME is important in identifying a child at riska this way, primary and/or secondary

preventive measures can be taken to prevent coatipiis or sequelae (1).
4.1  Extrinsicfactors

Crowded living conditions:

A high number of family members and a high numidesilolings in the family increases the
risk for OME. Also day-care attendance increasesritk of developing OME. Children in

day-care have three times more risk of developifgECthen children cared for at home.
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Day-care environment can be a forcing ground fatdréal resistance due to heavy antibiotic

prescribing and re-circulating infections (2, 6, 7)

Season
In colder months, the incidence of otitis media@ases (1).

Breastfeeding

There is a lower incidence of OM in breastfed aleiidbecause of the presence of specific
serum IgG antibodies to Non-typealimemophilus influenzaéNTHi) and P6, an NTHi
outer membrane protein, which may facilitate prttec against otitis media (OM). To
achieve an optimal protective effect, the child e breastfed for at least the first 11
months of life (12).

Pacifier use

When children are using a pacifier, the risk of @reases. Two possible mechanisms have
been proposed for this causal relationship. Onesipitisy is that sucking on a pacifier
increases the reflux of secretions from the nasgpigeal cavity to the middle ear. Another
hypothesis is the possibility that the use of aiffacmay induce alterations in dental

structure, which causes dysfunction of the Eustactube. (1, 12, 13).

Passive smoking and pollutants

Passive smoking in children is associated with mmmally increased prevalence of OM. Even

prenatal smoking has an effect.

Increase of C@and NO levels, as indicators of pollution, is @&ss@d with OM (12).
4.2  Intringicfactors

Age

The peak prevalence for OME is in the first andhfiyear of life (2, 11). Up to 80% of
children have been affected by the age of 4. Peexal declines beyond 6 years of age (2).
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Atopy

Recent studies support the hypothesis of the ogldietween OME and atopy. Nasal allergic
inflammation leads to swelling and obstructionted Eustachian tube. This condition disturbs
the physiological mucociliary transport. Severaldss have shown a predominance of
eosinophils, T-lymphocytes and Th2-mediators in theldle ear effusions, providing
evidence that the inflammation of the middle ealOME patients can be allergic in nature
(6). Allergy is by far a greater risk factor thather identified factors, conferring a 2- to 4.5-
fold increased incidence of OME compared with ti@dence of OME in non-allergic people
(14).

Impaired Immunologqic status

Children with congenital or acquired immunologiceificiencies (such as immunoglobuline
deficiencies, chronic granulomatous disease, AlB®unosuppressive drugs) are at risk for
persistent OME (1).

URTI and Eustachian tube dysfunction

Viral infection of the upper respiratory tract (URTis a predisposing condition that
influences the ability of bacterial pathogens tduce inflammation and invasion of the
middle ear mucosa due to deleterious effects omptbeective mucociliary system of the ET
(2, 15). The relative risk for OME increases bytaf2.7 times in presence of URTI. Children
with recurrent or ongoing URTIs are significantlyora likely to suffer from OME. The

impaired function of the Eustachian tube due to WRMay increase the susceptibility to
accumulation of fluid in the middle ear. Prevalent®©ME is 7 times higher in children with
URTI then in those without URTI. Prevention from URnight be the first step of preventing
OME (6).

Reflux

Pharyngo-laryngeal reflux may cause inflammatorgngfes in the Eustachian tube, which
may disturb mucociliary clearance in the ET andstmay facilitate the entry of bacteria in
the middle ear cavity (1, 16).
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Race

Black, Hispanic and other racial groups are morkely to have OM than white children,

probably due to underdiagnosis because of lackeafical care (12).
Genetics

There’s an important role of candidate genes ame golymorphisms in the development of
OM. This is supported by twin studies, identificatiof polymorphisms involved in genetic

susceptibility and genome linkage studies (12).

5. Symptoms

OME is not associated with clinical signs of antadafection (no pain or fever). The most
important symptoms are hearing impairment and piatediscomfort from the presence of
the middle ear effusion. In most cases, the middleeffusion results in a conductive hearing
loss. Occasionally it leads to sensorineural oremtikearing loss as well. Studies show that
sensorineural hearing loss (SNHL) may be causediffiysion of toxins through the round
window membrane (17). Inflammatory agents can alaose permanent or temporary
threshold shifts in the cochlear basal turn. Ireostudies, microscopic inflammatory changes
were seen, especially in the perilymph of the basal (2, 17). However, in the majority of
cases there is a conductive hearing loss of 10B84@F-ve to ten percent of the children with
OME suffer from more severe hearing loss of 40-B0(1ll). Associated with this hearing
impairment, children may encounter an impaired lagg development and problems with
social interactions in case of prolonged duratiorOME, especially important in at risk
children (e.g. children with developmental delays)8, 11, 15).

6. Complications
Common complications of OME are tympanic membraedopation and atelectasis of the
tympanic membrane. Tympanic membrane perforatiGult® in conductive hearing loss
where the degree of hearing loss is correlatedhéosize and location of the perforation. In
rare cases, recurrent or protracted OME can leadhtdesteatoma formation. Vestibular

problems can also be reported in OME (18).

7. Clinical diagnosis
Diagnosis is made by otoscopy and age-appropriagiolagic testing (7). Common
oto(micro)scopic findings in OME are dullness, lassthe light reflex and amber-gold

coloration of the tympanic membrane due to the eiédr effusion. The negative middle ear

10
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pressure results in a more horizontal appearantteeahalleus by drawing the long process of
the malleus medially. Retraction of the posteriarsptensa or retraction of shrapnell’'s
membrane may be visible (7).

Otoscopy alone is only poorly predictive of the miegof hearing loss associated with the
presence of MEE (middle ear effusion). Therefotgli@metry is essential as a marker for the
impact of OME and the likelihood of resolution, base the severity of the initial hearing

loss is a predictive factor in spontaneous resmtutf the disease (7, 19). Tympanometry
objectively assesses the mobility of the tympanembrane and is as such a valuable aid in
the diagnosis of OME (1). The results of a tympaewynare classified in patterns related to

various pathological conditions involving the miedar and eardrum.

The clinical findings on otoscopy combined with aoB C2 tympanogram, indicate that a
middle ear effusion is present on the day of then@ration. The hearing thresholds and
systematic questioning about possible developmaeeftatts are practical clinical tools to
assess the medium-term persistence of the diseashedp to provide some pointers to the

need for intervention (7).

8. Prognosis
OME is ultimately self-limiting in the majority ofases. Approximately 50% of all OME
cases resolve within 3 months and 95% within 1 y2ai7). By the age of 6, most children
will not have further problems. However, a largda@d study showed a correlation between

middle ear disease and delayed language developmpeatl0 years of age (2).

9. Treatment
Management decisions in children with OME dependtton duration of the effusion, the
laterality, presence and severity of associatedpsyms and comorbidity e.g. developmental
delay. Therefore, these features should be docwdeaiteach assessment of the child with
OME. In uncomplicated cases of OME, the initial mg&ment of OME during the first three
months after diagnosis, consists of ‘watchful wejtiand the monitoring of hearing, as in
50% of all cases the disease is self-limiting wittiiese first 3 months (2, 7). Oral antibiotics,
antihistamines plus oral decongestants or mucalytave not proven to be of any benefit in
OME and can cause adverse effects. Antihistamiasgegially first generation) can cause
behavioural changes, seizures and blood pressuebiiy. Oral corticosteroids are unlikely
to improve symptoms in OME on the long term andam®ociated with important side effects

(e.g. growth retardation). Intranasal corticostsare also unlikely to be of benefit in case of

11
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bilateral OME (1, 2). Recent studies showed no eawi¢ of benefit of routine use of
antibiotics for children up to 18 years with OMEdafurthermore hold potential risk of
adverse effects and induce bacterial resistancsalNauto inflation of the Eustachian tubes
(Otovent®) may produce benefit if used regularlyt tompliance is often low (1, 2, 7). If the
inflammation is the result of an underlying disease condition, e.g. rhinitis, medical

treatment can be considered.

When the effusion persists bilaterally for morerthiaree months, surgical treatment should
be considered. The standard surgical treatment(@OME is ventilation tube insertion

(tympanostomy tubes). The principal benefit of tampstomy tube insertion is the restoration
of hearing and clearance of the fluid and the pakfeeling of pressure. Tube insertion

improves hearing levels with 6-12 dB on average (1)

Sequelae due to tympanostomy tubes, such as tymganuosis, focal atrophy and the
formation of a shallow retraction pocket of the panic membrane, are common but are
generally transient. Transient otorrhea occursG#o Iof patients in the early post-operative
period and later in 26%. Chronic or recurrent dtear however is infrequent (1). Persistent
tympanic membrane perforation is the most importrplication after expulsion of the

tympanostomy tubes (20).

In case of recurrence of OME after expulsion ovjmes tympanostyomy tubes and/or in case
of associated complaints of upper respiratory tabstruction due to adenoid hyperplasia or
recurrent symptoms of rhinosinusitis due to adetisjcadenoidectomy is recommended (21).
But even when the adenoid is not hyperplastic @trabtive with respect to the Eustachian
tube, adenoidectomy is useful in the manageme®@®ME. The reason for this is that the
adenoid may act as a potential reservoir for cleramiection (21, 22). Children with OME
undergoing adenoidectomy have less time with effusbetter hearing, longer time to first
recurrence and require less surgical re-intervastmmpared to those patients receiving only
tympanostomy tube insertion (1). Combination treatm of adenoidectomy and
tympanostomy tube insertion may be more effectnam tadenoidectomy alone (2). A possible
sequela after adenoidectomy is the post-adenoiagctbaemorrhage. A primary post-
operative haemorrhage has an incidence of 0.6%ndacy (after discharge) post-operative

haemorrhage is very rare (7).

Myringotomy is not an effective treatment for OMigcause the incision closes within a few

days. Tonsillectomy has also not been shown tdfeetre in the treatment of OME (1).
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10. Bacteriology
OME was previously thought of as a sterile inflantwna process, because bacterial cultures
were often negative. It was elucidated that thesipance of pro-inflammatory cytokines
played a key role in the initiation and perpetuatad inflammation. However, research with
polymerase chain reaction (PCR) techniques prdwdshese ‘sterile’ effusions contain DNA
of pathogenic bacteria, which remains present upfotr weeks after treatment with
antibiotics. Bacterial mRNA and proteins are alsorfd in the effusions, which proves that
bacteria remain metabolically active. These findiflgad to the hypothesis that bacteria live
in a specialised formation, called ‘biofilm’ (8, RH. influenzae, S. pneumoniaad M.
catarrhalis are considered to be the most common pathogerigatga in OME, and all are
capable of forming biofilms (3, 9, 10, 15, 23).

H. influenzae, S. pneumoniaedM. catarrhalismay reside in the nasopharynx of children in
the first three years of life without causing ikise They occur in higher quantities in children
prone to develop middle ear infection (‘otitis-pedrchildren) (10). Previous studies tried to
show a relation between the microflora in the nhaoynx and the bacteria that were cultured
from middle ear effusions in OME, but a straightfard correspondence could not be found
(24). H. influenzae, S. pneumoniae, M. catarrhadisd S. aureusare the most common
otopathogens found on the adenoid surface andeinmiddle ear effusion of patients with
OME (8).

In addition to the idea that otopathogenic bactéoren biofilms in the middle ear, research
groups were also able to find proof of intraceltufdection in middle ear mucosal biopsies of
children with OME. It is known that otopathogeniackeria, includingH. influenzae, S.
pneumoniae, M. catarrhalis and S. aureus able to invade cells (e.g. adenoidal cells) and

survive within celldn vitro (25).

H. influenzaeutilises several adhesive factors which lead tlorgsation and invasion of
human epithelial cells, including adenoidal epitlml. Adhesins, pili and lipo-
oligosaccharides play an important role in this teratS. pneumoniadnas been shown to
invade broncho-epithelial cells and has been detraiedin vivo in the middle ear mucosa of
children with OME. M. catarrhalis has been shown to be able to colonise and invade
pharyngeal epithelial cells and has been found ikpaty in adenoids and tonsils.
Polymicrobial interactions betweeH. influenzaeand S. pneumoniaanay facilitate the
invasion of epithelial cellsS. aureushas been demonstrated to cause intracellulartiafem
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patients with chronic rhinosinusitis and has beetected in biofilms on adenoid tissue in

patients with chronic otitis media (15).

Despite these findings, it is still uncertain wtta role of intracellular infection in the middle
ear of children with OME isn vivo. The presence of bacteria intracellularly and irfilons
can play a role in the development of treatmenas$ thrget both intracellular infection and
bacterial biofilm, since both might contribute teetpersistence and recurrence of infectan.
lactam antibiotics, often (erroneously) used foe ttieatment of OM(E), have a poor
penetration in cells and so they have a limitedaifeness against intracellular bacteria (25).
Other reasons for antibiotic resistance may besaltref the physical barrier formed by the
extracellular biofilm matrix, but this resistanceynalso stem from the fact that oxygen and
nutrient limitation within biofilms induces metalwlquiescence, which in turn reduces
antibiotic effectiveness, since most antibiotics arost active against dividing bacteria (23,
26).

11.Biofilms
Biofilms are robust communities of surface-assedamicrobes that are held together by
polymorphic extracellular matrix material (27). Theere first observed and described in
1684 by Anthony van Leeuwenhoek but named as santhduring the last decades. Van
Leeuwenhoek was able to observe the vast accummlatimicroorganisms in dental plague
(27). Biofilms are the preferred mode of existen€enany microbial species, because of the
fact that they are able to survive in hostile eowmments and to colonise new niches by
various dispersal mechanisms (27, 28). Approxiga&819% of bacteria in nature are thought
to be attached to a surface in the form of a biofind at least 65% of all human infections,
mostly chronic infections, involve biofilms (26, REach year, biofilms cost Europe billions

of euros in medical infections, equipment damagergy losses and product contamination.

Biofilm can form on almost any surface in the eamiment, be it natural (plants, animals,
human) or synthetic. They can grow on virtually &md of substratum (e.g., rocks, books,
statues, paintings on tissue, stone or wood) (BBgy have been studied because of their
resistance to many antimicrobials and to decontanoin techniques. Medically they are
relevant, because the human body is inhabited loyotmes that can potentially contaminate
medical devices and cause disease (27, 28). Bactehiofilm formation are recognised as
the cause of a variety of human infections, ineigdiendocarditis, dental caries, lung

deterioration in cystic fibrosis, chronic urinamadt infection, bacterial vaginosis, prostatitis,
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and infections of prosthetic devices (29). On tlleephand, biofilms play essential roles in
the purification processes in wastewater treatnaek therefore, they are also a promising
and potentially sustainable solution to global ggeand waste issues (27, 28).

11.1 Formation and differentiation

Dental plaque is the first biofilm form that hasehestudied with respect to its microbial
composition and sensitivity to antimicrobial agertss now one of the best-studied biofilm

models, displaying all of the typical charactedd&atures (27) .

Biofilms are described as a thin layer of bactenaased in a self-produced hydrated matrix
of polysaccharides and proteins, which adheresmplanted medical devices or surface
tissues. It occurs due to a crosstalk phenomenowhkras ‘quorum sensing’, a system of
stimulus and response between bacteria correlatedopulation density (21, 26). The
formation starts by reversible attachment of mohbecteria to the surface. The adhesion
becomes irreversible with loss of motility and wighaboration of a glycocalyx by the
bacteria. Growth continues by the division of dedsacteria and recruitment of other bacteria
from the environment, which constitutes a biofilfrgtycocalyx-enclosed micro-colonies (21)
[Figure 1]. These micro-colonies are bisected hyitying water channels that carry bulk
fluid into the community by convective flow, so thiae bacterial cells inside the biofilm have
access to nutrients and oxygen (31). The exchahgeitaents facilitated by this biofilm
architecture enables biofilm communities to deveatopsiderable thickness and complexity
while keeping individual cells in optimal nutriesituations in many locations within the
biofilm (32). Biofilm formation and biofilm detachemt are under control of chemical signals
of the same type that regulates quorum sensingsellegulatory molecules guide the
formation of slime-enclosed micro-colonies and watbannels and enable phenotypic
differentiation through differential gene expressibetween the genetically identical cells
(31).

Biofilm bacteria show increased resistance to &iids and mechanical removal. Cells in

biofilms express a radically different set of gefresn those expressed in the corresponding
planktonic cells. There is no single biofilm phenps, but gene expression in sessile
communities goes through a whole spectrum of cheagethe community matures, and the

planktonic phenotype begins to emerge as the bidiggins to shed mobile cells (31).
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The extracellular matrix of a biofilm structure prdes a physical barrier that enhances
pathogen resistance to host defences such as epsonj lysis by complement and
phagocytosis, but it protects against antibiotozs #Antibiotic resistance may thus be a result
of the physical barrier formed by the extracellutaatrix, but this resistance may also stem
from the fact that oxygen and nutrient limitationittin biofilms induces metabolic
quiescence, which in turn reduces antibiotic effectess (23, 26). When residing in a biofilm
formation, bacteria are thus resistant to commdibiatics, but during ‘planktonic shedding’,

freely swimming bacteria can be killed even whendhme bacterial species is involved.

Figure 1: Principles of biofilm formation

Principles of biofilm formation picture [image dmetinternet]. 2006 . Available from
http://www.pasteur.fr/recherche/RAR/RAR2006/Ggbkéml.

11.2 Biofilmand OME

In middle ear mucosa of children with OME, biofilne$ pathogenic bacteria have been
found. The unique structure and characteristidsiafilm might explain the chronicity of the
inflammation and its resistance to antibiotics (1&l). In the OME effusion, the
microorganisms are often difficult to culture aedd to a culture negative, but PCR- positive
result (24).H. influenzae, S. pneumoniaa M. catarrhaliscan be isolated in approximately
25% of children with OME, but PCR detects the pneseof these pathogens in 80% of the
children with OME (23).
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Biofilms have been detected on adenoid tissue ofigs of patients with OME (8). These
biofilm structures may cause formation of biofilnmsthe middle ear, by a process called
‘planktonic shedding’ (8). The biofilm structure ahe adenoid may disperse due to
mechanical fragmentation or by release of singlis agduced by cellular signalling. Biofilm

fragments could thereby move to other areas (e.ghe respiratory tract or through the
Eustachian tube to the middle ear cavity), wheey #tould cause an infection or form a new
biofilm (8). The frequency of ‘planktonic sheddingi biofilms is important, because it

determines the coverage of mucosal surface anidepeency and activity of disease (8).

H. influenzae, S. pneumoniae, M. catarrhaisd S. aureusare all otopathogenic bacteria,
able to form a biofilm structure. As mentioned adothey are also able to invade cells and
reside intracellularyn vitro. The role of this mechanism in OME vivo remains uncertain.
The Nistico, et al research group (15) found evidence that theséebacreside in the
adenoidal cells and form an intracellular biofilm these cells. Therefore, both intra- and
extracellular biofilms are formed in the adenordni where they can disperse into the middle
ear cavity and form a new biofilm (8, 15). Polynoloial interactions betweées. pneumoniae
and H. influenzaemay facilitate epithelial cell invasion and have effect on biofilm
formation. Thus, co-infection results in more invasbacterial strains. The elimination or
persistence of these bacteria is influenced by bl¢hhost response and the competitive

interactions between colonising microorganismslgj,

In OME, biofiims may be attached to mucus as wall mucosa, thus providing the
inflammatory stimulus leading to a middle ear effus(3, 15). Available literature about
biofilm in middle ear in children with OME is vemyoor, whereby some studies detected
biofilm on the middle ear mucosa (23, 25), but imofin MEE has been investigatéa vivo

in only one study (3). In this study, 62 samplesesmaken from 42 patients, who were listed
for ventilation tube insertion. Effusion samples revecultured on six different media,
depending on type of bacteria. Confocal light nmscapy (CLSM) was used to visualise
biofilms. Twenty-eight of the 62 samples (45.2%)reveulture-positive, cultured bacteria
were coagulase negative staphylocqccVeilonella species, Staphylococcus species,
Streptococcus pneumoniae, Bacillus species, Mdeaxehtarrhalis, and Pseudomonas
speciesLiving bacteria were demonstrated in 51 samples3@2 by CLSM of which 49%
showed biofilm (3). Biofilm formation has also begetected on adenoid and tonsil surfaces,
particularly in children with recurrent infection®5). Fluorescence in situ hybridisation

(FISH) and CLSM have proven to be good techniqoetemonstrate the presence of multiple

17



Introduction

bacterial species, including pathogenic bactersa@ated with otitis media, intracellularly or
in biofilms in the mucosal biopsies from childrenttwOME. CLSM makes it possible to
visualise hydrated specimens, while FISH allow&deination of bacterial structures (25).

12.Conclusion

Though otitis media with effusion (OME) is a vergnemon disease, representing 25-30% of
all cases of OM and occurring in 80% of all childteefore the age of 4, the pathogenesis is
still not well understood. Previously, OME was thhtiof as a sterile inflammation, but this
hypothesis was invalidated by further studies WRGR techniques, which proved that
bacterial DNA is present in the middle ear effusiomhese bacteria may migrate from the
adenoid, which may act as a potential reservointopathogenic bacteria, to the middle ear

cavity through the Eustachian tube.

The fact that middle ear effusions from childrenhWOME are often culture-negative and the
resilience of OME to antibiotic treatment has ledthe hypothesis that bacteria associated
with OME are organised in biofilms and/or resid&anellularly and thus cause intracellular

infection. The actual role of these mechanigmdvo remains undetermined.
13.General goals of the thesis

At present, there are not many studies that cavepaccorrelation between OME and biofilm
formation in the MEERN vivo. Trying to find proof of the role of biofilms irhé pathogenesis
of OME, our research focused on two main aspedt flrst goal was to confirm the
hypothesis that the adenoid may act as a resdoroatopathogenic bacteria, as suggested in
some previous studies (15, 21, 22), by finding latien between the bacterial species and
genotypes present in both the MEE and the aderfdid. second goal was to find actual

evidence of the presence of biofilm structuresigrniddle ear of children with OME.

This study was approved by the ethical committeethld Ghent University Hospital
(Chairman: Prof. Dr. D. Matthys, Belgian registoati number: B670201214394, date:
15/06/2012).
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Materials and methods

1. Study population
Thirty-four children between 12 months and 6 ye#rage undergoing adenoidectomy and

transtympanic ventilation tube placement for checo®ME (COME) were included in this
study. COME is defined as persistent middle earsafh without signs or symptoms of acute
ear infection (fever, pain, discharge) for 3 monthsnore. The exclusion criteria were usage
of local or systemic antibiotics within 30 days dwef the sample collection, known immune
disorders, craniofacial malformation, previous adéectomy and participation in other
clinical trials within the last 3 months before gdencollection. Written informed consent was
provided by the parents or the legal guardians@fstudy participants.

Clinical history of previous surgery in the ear @droat (ENT) region (e.g. type and date of
operation) and pneumococcal vaccination status neted.

Environmental factors, such as type of day caredslc number of children attending the day
care/ number of classmates, number of siblingsataur of breastfeeding, pneumococcal

conjugate vaccination status, passive smoking aadaiof a pacifier were questioned.

2. Study setup
In order to perform this study protocol, the stindyl to be preceded by a pilot study. The goal

of this pilot study, in which 13 patients were umbd, was to optimise the different
techniques that would be used in the final studjtce techniques, identification techniques,
FISH), to perform gPCR and to identify the mosigfrent bacterial species present in the
nasopharynx, the adenoid and the middle ear efiuEE). Identification of the bacteria

was performed after the collected samples werei@dtas explained fimethods”.

The final study comprised 21 patients, in whichwuthg, genotyping and fluorescence in situ
hybridisation (FISH) were performed. (See figureB&cause of insufficient sample volume,
gPCR was not performed in the final study.

For the interpretation of the results of this stuthe results of both the pilot and the final

study were combined.
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3. Methods:
3.1. Surgical collection of MEE, nasopharynx swabs and adenoid tissue
Children included in this study were operated undeneral anaesthesia at the Ghent

University Hospital (GUH). The outer ear canal wsserilised with 70% ethanol for 90
seconds. In a small pilot study, the effectivene$sthe disinfection procedure was

established.

The microflora of the outer ear canal of 10 pasgd® samples: 10 right ears, 9 left ears) was
analysed after disinfection to control the effeetigss of the alcohol sterilisation. In 3
patients, both ears were sterile after disinfection3 patients, one ear was sterile, while it
was still possible to culture bacteria from theeotbar. In 2 patients, both ears were culture
positive after disinfection. In 2 patients, at kease ear was culture positive, but the bacteria
could not be identified. The culture positive samsplfrom outer ear canal swabs only
consisted of a few small colonies of bacteria. fenmore the cultured pathogens were mostly
commensal skin flora and were not relevant forresearch. Only 2 patients had an outer ear
canal swab which was positive for possible otopgdimic bacteriaStaphylococcus aureus
andTuricella otitidig). This finding can possibly be explained by theique of instillation. In

our study this period lasted 90seconds while Daetedl. (3) instilled for 120 seconds and

subsequently had culture negative results.

Middle ear effusions (when present) were aspiréteodugh an incision of the drum using a
Juhn Tym Tab. During surgery, the aspect of thedieigtar effusion was scored as serous,
mucous or purulent. After collection of the middar effusion, (a) tympanostomy tube(s)
was/were inserted in the ear affected by COME.lpAatients, nasopharyngeal cultures were
collected with calcium alginate swabs during suabintervention. In all patients, the adenoid

tissue was removed using a curette.

The collected samples were sent to the LaboratoryBfacteriological Research (LBR),
located at the GUH, within 1-2 hours.

3.2. Sample processing
The clinical samples were processed following anddad protocol. The bacteria in the

collected MEE, nasopharynx swabs and the aderssdaiwere cultured on CHOC plates (i.e.

agar plates to which boiled blood was added, irwotd increase the nutrient availability for

fastidious middle ear pathogens suchHzemophilus influenzdeaccording to the culture

protocol (see infra3.2.1 Culturing. The collected samples were used to make an eaGyM

DNA extraction, which was then used for quantitatpolymerase chain reaction (qPCR)
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analysis. Genotyping was done with random amplifietymorphic DNA-analysis (RAPD)
for those isolates that were cultured from at leastof the sampling sites.

The presence of biofilm in the MEE was investigatisthg fluorescent in situ hybridisation
(FISH) in combination with confocal laser scannimicroscopy (CLSM) (See Study flow
chart, Figure 2).

Our research started with a pilot study in whiclctbaa were cultured on chocolate agar
(CHOC)-plates and identified using matrix-assidtesker desorption/ionisation time-of-flight
mass spectrometry (MALDI-TOF/MS). When the sametdrdal species was found in the
MEE from both ears or in the MEE from at least eae and in the adenoid tissue /
nasopharynx, they were genotyped using McRAPD. plasyngeal swabs were only
collected in the pilot study, because the comparigbthe culture results of adenoid and
nasopharynx samples were mostly similar. Differenice culture results of these samples
were considered to be the result of the sampleddn technique (see Discussion - Pitfalls).
Furthermore, the pilot study focused on the exwacbf DNA directly from the clinical
samples using the easyMAG equipment and protodot dllowed us to collect all bacterial
DNA from bacteria present in the adenoid tissue MiitE and perform qPCR on this DNA.
These results were used to determine which culaum@ identification techniques were
preferentially used in the final study.

In the final study, bacteria were cultured on CHfI&tes, identified using MALDI-TOF/MS
and genotyped with RAPD when the same bacteriaispavas found in the MEE from both
ears or in the MEE from at least one ear and irattenoid tissue. EasyMAG DNA extraction
was not performed to retain sufficient sample fé8HF followed by CLSM which were
performed to look for biofilm presence. (See sttidw chart, Figure 2).
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Figure 2: Study flowchart

A. Culturing
1. Culturing of the middle ear effusion (MEE)

A 10 pl inoculation needle was used to inoculateOCHplates with MEE. These plates were

then incubated aerobically with 5% g@nd anaerobically for 5 days.

2. Culturing of nasopharynx swabs
The nasopharynx swab was used to inoculate CHOEsplahese plates were incubated

aerobically with 5% C@and anaerobically for 5 days.

3. Culturing of the adenoid tissue
The adenoid tissue was placed on an empty petriatigl then cut in two equal pieces with a

sterile scalpel. One piece was used for culturimdythe other for DNA-extraction (see infra).

The part used for culturing was divided into snpadices using a sterile scalpel. These small
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pieces were collected, inoculated into 5 ml tryty broth (TSB) and vortexed. This broth

suspension was then incubated anaerobically a€3@r°10 minutes.

After 10 minutes, the broth suspension was vorteagain and 2 x 25 pl was inoculated onto
two CHOC-plates. The broth suspension was therback in the anaerobic incubator. The
CHOC-plates were incubated aerobically with 5%,@@d anaerobically for 5 days. After 7
days, the broth suspension was vortexed again an2b2u! was inoculated onto two CHOC-

plates, incubated as described above.

When multiple bacterial colonies grew on a CHOGelaepresentatives of those with
different colony morphologies were re-isolated w&hl pl inoculation needle onto new
CHOC-plates following the same protocol as desdriddaove.

B. Identification
1. tDNA-PCR

1.1 General principles
Transfer RNA intergenic spacer length polymorpheamalysis (tDNA-PCR) is a polymerase

chain reaction (PCR) technique for identificatidrbacteria at the species or even subspecies
level. The primers used in the PCR are based oseteed sequences located at the edges of
the tRNA genes. Because the selected consensuserpriare directed outwardly, the
intergenic spacers are amplified rather than theegdhemselves. With each PCR, several
amplicons of different lengths are obtained, beeaeveral intergenic spacers, with different
lengths, are present in each bacterial genome.e§ubat electrophoresis of the mixture of
amplified tRNA spacer fragments yields electropB@@atterns, consisting of multiple bands
with different lengths. The patterns thus obtaii@terprint) are rather conserved within a
species and mostly different between species, @heome variability exists within most
species and some species cannot be differentieded éach other. As a result, tDNA-PCR

can be used for identification of bacterial species

Using one fluorescent primer, its incorporationidgithe PCR makes it possible to detect and
visualise the fluorescent amplified fragments dyrinigh resolution (1 bp) fluorescent
capillary electrophoresis on an ABI3130 machines @mplicons are immediately digitised as
tables composed of numerical fragment lengths ésg&d in base pairs) and peak intensities.
For identification, the resulting peak pattern bancompared with a large database of patterns
of well-identified bacterial strains using a softwapackage that is available online

(http://www.basehopper.be).
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1.2 Protocol
A PCR mix was made according to Table 1: ‘PCR meixgents’ and 9.3 ul mix was pipetted

into each well of a 96-well microtitre plate. Thiax included a 1/5 dilution of fluorescent
T3B-FAM primer (20 uM) in nonfluorescent primer TB0 uM), and of 20 uM of the non-
fluorescent T5A primer. (Final reverse and forwgrither concentrations: 0.2 uM).

In another pre-PCR room, 0.7 pl alkaline DNA extfaem a cultured strain was added to the
corresponding well. The plate was then covered wiBCR cap strip and put in the Veriti 96-
well thermal cycler in the post PCR room. The tDR&R protocol was run (see Table 2).
The amplified DNA-fragments were visualised andrtlength was determined by means of

capillary electrophoresis.

Table 1: PCR mix reagents for tDNA-PCR.

Reagent ul per bacterial strain Final concentration
Polymerase supermix HiFi 9.1 1x
Primer T3B + T3BFAM 0.1 0.2 uM
Primer T5A 0.1 0.2 uM
Alkaline DNA extract 0.7 NA
Total volume 10 NA

Legend: NA: not applicable

Table2: Cycler program on Veriti thermal cycler.
Phase Time and temperature
Start 2'at94 °C
PCR cycli (30x) 10" at 96 °C
15" at 45 °C
30" at 72 °C
Final extension 30" at 72 °C
Cooling Permanent at 4 °C

2. Matrix-Assisted L aser Desorption/l onisation Time-Of-Flight mass spectrometry
(MALDI-TOF/ MS)

2.1 General principles

Matrix-assisted laser desorption/ionisation time fbfht mass spectrometry (MALDI-
TOF/MS) is the most widely used method to datetlier analysis of biomolecules. In recent
years, it has been implemented in routine micraiggllaboratories and has been utilised as a

new approach for the identification of bacteria gadsts (33).

MALDI-TOF /MS is based on the ionisation of co-dgiised sample material by short laser
pulses, which creates ions of which the time gfliis measured in the vacuum flight tube of

the equipment (33).
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After the preparation of the target plate, as deedrbelow in ‘protocol’ (Figure 3B), the
plate is inserted into the mass spectrometer (Ei@®@), where it is then transported to the
measuring chamber. Within the machine, a high vachas to be continuously maintained.
Once this vacuum has been created, the indivicarapkes are exposed to short laser pulses.
The energy of the laser vaporises the microorgarn@gether with the matrix, leading to
ionisation of the (predominantly ribosomal) proteinThese ionised peptides are then
accelerated in an electromagnetic field, created lpotential of about 20 kV, before they
enter the flight tube (Figure 4). The time of fligiifOF) of the analytes to reach the detector
at the end of the flight tube is measured. Theviddal TOF is determined by the degree of
ionisation as well as the mass of the proteinseBas this TOF information, a characteristic
spectrum is recorded and constitutes a specifipkafimgerprint, which is unique for a given
species (Figure 3D). For species level identifaatithe size range generally used is between
2 and 20 kDa. Computer software automatically caegpahe collected spectra with a
reference databank containing a wide variety of inadlg relevant isolates (Figure 3E). The
measured spectra are subject to method-inherese ramd therefore, will never be exactly
identical for an individual isolate. The softwarénieh compares the spectra, generates a
numerical value (score value) based on the sirtidarbetween the observed and stored data
sets. This score value provides information abbatualidity of the identification. A score
value above 2.0 is generally considered to be & \sgecies level identification. Values
between 2.0 and 1.7 represent reliable genus igeetifications.

After the analysis in the MALDI-TOF MS, the usedget plate is removed from the
equipment. The reusable target plate is cleanst#datianol and trichloroacetic acid (TCA)

solutions for further use (33).

The identifications obtained with the currently d9dALDI-TOF MS techniques are nearly
independent of culture conditions. Still, directlyeaked colonies used for analysis should be
as fresh as possible (not more than 48 h), becagaker and less distinguished peaks will
appear in the spectra with increasing cultivatioret This effect is probably due to ribosomal

protein degradation and leads to less efficientiggadentification (33).

25



Materials and methods

A B

Figure 3: A: A single colony is taken from a culture plaBe.The target MALDI-TOF plate
is prepared by spreading one colony over eachofelie target plate which is then covered
with 1 pl of matrix.C: The target plate is inserted in the mass speetenD: A specific
sample fingerprint is generated based on timeightfl(TOF) informationE: The fingerprint

is compared with a reference database for ideatifio (33).
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Figure 4: Principle of MALDI-TOF MS (33)

2.2 Protocol
MALDI-TOF/MS was used to identify bacteria from ME&nd adenoid samples. These

bacteria were cultured on CHOC-plates prior to ysial(as described above). We used the
standard ‘direct transfer’ method for sample prapan with the in vitro diagnostic (IVD)

procedure of the MALDI-biotyper.

From each of the plates with cultured bacteriaglarty was picked, using a 1 pL inoculation
needle, and spotted evenly over the cells of theLDIATOF target plate. The preparations

were covered with 1 mL of matrix solution (satudasslution of a-cyano-4-hydroxycinnamic
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acid @-CHCA) in 50% acetonitrile and 2.5% trifluoroaceticid) and dried for 2 min at room
temperature. A bacterial test standard (BTS 255B4#i&er Daltonics, Germany) was used as
positive control and an empty well covered with mxaserved as negative control. Mass
spectra were generated with a Microflex BiotyperTdectrometer (Bruker Daltonics,
Bremen, Germany), using the manufacturer’s standattings. For each sample, mass
fingerprints were acquired, using Bruker Daltonid&xControl version 3.0 software,
analysed over a mass range of 2—20000 Da, and cechpeith the Bruker Daltonics’

database.

C. Cryopreservation
A trypticase soy broth (TSB) + 15% glycerol solatiwas used as a maintenance medium for

the cryopreservation of bacterial cultures. Glytexs as a cryoprotective agent providing
intra- and extracellular protection against icenfation. Ice crystal formation is one of the

main causes of freezing injuries.

To prepare this solution, 85 ml distilled water wagetted in a sterile 250 ml bottle and 3 g
TSB was added. Then, 15 ml glycerol was added lamdbottle was autoclaved with open lid
for 15 minutes at 121 °C.

Screw cap microtubes of 2 ml were filled with 1 @hthe TSB + 15% glycerol solution under
a class Il biological safety cabinet. A cotton swedis used to collect bacteria from CHOC-
plates and was then rubbed against the bottom eofirtitrotubes. These microtubes were
labelled and stored at -80 °C.

D. DNA-extraction
1. General principles
As Figure 1 illustrates, two types of DNA-extractizvere used. For quantification of the

bacteria present in the clinical samples, pure DS needed, so easyMAG extraction was
used. For identification of cultured strains willNA-PCR and genotyping of cultured strains
with McCRAPD, an alkaline DNA extraction was used.

2. Nucleic acid extraction by easyMAG
2.1 General principles

The NucliSens easyMAG nucleic acid extraction BNA extraction using magnetic silica
particles and only works on effusion samples. Téweegal principles of easyMAG extraction
are summarised in figure 5. All cells, viral pales, bacteria and fungi are lysed by adding a
chaotropic agent (guanidiniumthiocyanate), releasire nucleic acids from the cells. The

lysis buffer inactivates all nucleases presenthin $ample. The DNA is purified from the
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contaminating proteins, sugars and lipids by addimagnetic silica to the lysed sample.
Briefly, under high salt condition nucleic acid Wiind to the silica particles. These silica
particles act as the solid phase from which nondomon nucleic acid components are
removed by several washing steps performed in thdi8kens easyMAG instrument. Next,
nucleic acids are eluted from the silica partidigsusing a low salt elution buffer. The

resulting eluate contains purified and concentrébém nucleic acids.

Complex
biological . )
sample Sample + L ysebuffer Function Chemistry
1. N\, ] ] Release of NA High [salt] )
R Nucleic acid (NA) Stabilising Neutral pH
2. — Lysis buffer
‘ on so O'C2 Binding of NA High [salt]
Neutral pH
3. s 5 ™ Washing buffer L
N . Purification Low [salt]
33/ *  proteins + lipids Removing inhibitors Low pH
4. o ¢ .
nf <s== Elution buffer Reducing to small volume Low [salt]
‘l’ 3 High pH>8.0

Silica
Pure
Nucleic
Acid
Figure5: General principles of easyMAG DNA extraction
2.2 Protocol

a. EasyMAG sample preparation for DNA-extraction from adenoid tissue

1. Cut the adenoid tissue in different pieces witheaile scalpel (see: culture) and add
one piece to a 2 ml tube.

Add 188 pl mutanolysine/proteinase K (PK) buffer.

Add 2 pl of 25 U mutanolysin/ul to the sample.

Liquefy the adenoid tissue with a tissuelyser.

o & 0N

Follow the protocol for easyMAG extraction for MEBEarting from step 7 onwards.
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EasyMAG sample preparation for DNA-extraction for middle ear effusion

(MEE)
Add saline to the MEE until a final volume of 30Digtreached.

Vortex.

Add 200 pl of this mix in a 2 ml tube.

Add 188 ul mutanolysine/proteinase K (PK) buffeed B.

Add 2 pl of 25 U mutanolysin/ul to the sample (50s1/ sample)
Vortex.

Incubate for 15 minutes at 37°C.

Add 10 pl of a 25 mg/ml proteinase K solutice€¢ D.

Vortex.

10.Incubate for 15 minutes at 55 °C, vortex every butes.
11.Add 1600 pl Nuclisens easyMAG buffer.
12.Incubate for 10 minutes at room temperature (RT).

13. Store at -80°C until extraction.

C.

Mutanolysin/PK Buffer

Composition: 20 mM Tris-HCI, pH 8.0, 0.5% SDS

1 M Tris-HCI 1 | (stock in refrigerator 307

a. Dissolve 121.14 g tris(hydroxymethyl)aminomethaW®\( = 121.14) in 800
ml H,O

Adjust pH to 8.0 with concentrated HCI.

Adjust volume with water to 1 L.

Make aliquots in 50 ml-falcons. Autoclave.

Label with your name, content (1 M Tris HCI, pH Bahd date of preparation
Store at 4 °C

20 mM Tris-HCI

-~ ® oo T

a. Transfer 1 ml of a 1 M Tris-HCI solution into a B0 Falcon tube.

b. Adjust volume with water to 50 ml.

c. Label with your name, content (20mM Tris HCI, pHOB.and date of
preparation.

d. Store at room temperature (RT).
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- Mutanolysin/PK buffer

a. Transfer 9.5 ml of a 20 mM Tris-HCI solution intd.4 ml Falcon tube.

b. Add 0.5 ml of 10% SDS.

c. Label with your name, content (20mM Tris HCI 0,59BS, pH 8.0) and date
of preparation.

d. Store at RT.

d. Mutanolysin-solution

a. Dissolve 10000 U of mutanolysin (Sigma, Saint LouwkSA) in 400 ul of
distilled mQ water.
b. Prepare aliquots of 20 pl each, labeled with Muthencap of the tube.

c. Store at -20°C in the box labeled with ‘mutanolysin

e. Proteinase K solution

d. Prepare a 25 mg of proteinase K/ml stock solutipraddding 4 ml of 20 mM
Tris-HCI, pH 8.0 to 100 mg of proteinase K

e. Aliquot in 100 pl volumes
Label with PK

g. Store at -20 °C until use.

3. DNA extraction by alkalinelysis
The heater is pre-warmed to 95 °C. The alkalines lpsiffer (ALB*) has to be pre-heated in

warm water bath or in a microwave until the preeifpon has been resolved. When ALB is
taken from an aliquot at room temperature and pitation is not visible, pre-heating is not

necessary. Tubes of 0.65 ml tubes are labelledr@iogpto the sample names. 20 pl ALB

aliquots are pipetted into the 0.65 ml tubes. Nme small colony or part of a large colony is
taken with a 1 pl inoculation needle and suspendedlLB in the corresponding tube. The

tubes are heated during 15 minutes at 95 °C. Afeating, the tubes are centrifuged a few
seconds at maximum speed (1606§, £3000 rpm in Biofuge pico, Heraeus) to spin dowa th

cellular debris. 180 pl HPLC-water is added to redige the pH. The tubes are centrifuged
during 5 min at 16060 g. Subsequently, the tubes are placed at — 20 °@glat least 30 min.

The supernatant is used as the alkaline extract.
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*: Composition of ALB:

- 0.25% SDS
-0.05 N NaOH
- 95 ml sterile UltraPure water (HPLC)

-Preparation of ALB:

1. Weigh 0.25 g SDS (Lauryl sulfaat (Sodium Salf)i;s0,4, Sigma).

2. Add to sterile 100 ml bottle.

Add 95 ml sterile UltraPure water and 5 ml 1 N NaGidler flow.

Resolve precipitate in microwave or in heater at@=until clear solution is obtained.
Filter sterilise with 0.45 pm filter.

Divide 10 ml into 1 ml aliquots in 1.7 ml cups.

Label as ALB with your initials and date (YY/MM/DD)

Store at room temperature.

© © N o o b~ w

Prior to dividing or to use: redissolve precipithteheating as described above.

E. Quantification by guantitative PCR
Because the MEE samples were too small in volumantitative polymerase chain reaction

(qPCR) and fluorescence in situ hybridisation (FIQiduld not be performed both on the
same sample. Therefore, only samples from patiaoksded in the pilot study were used for
gPCR.

1. General principles
gPCR is a DNA amplification techniqgue based on detection and quantification of a

fluorescent signal which is directly proportionalthe number of amplified DNA fragments
(amplicons). The coupling of a thermocycler witHurimeter makes it possible to measure
the fluorescent signal after each cycle of ampdiiun (34). Because fluorescence increase is
measured during the reaction, gPCR is also caleadtime PCR (35). The ability of
monitoring the amplification reaction during thepexential phase, makes it possible to
determine the initial amount of target with greaégision, by comparison to a standard
dilution series containing a known number of inifanomes or target fragments. The cycle at
which the fluorescence signal strength crossesdémsitivity threshold of the fluorimeter is
called the “cycle of quantification” (Cq) value (34

Fluorescent probes or non-specific fluorescent ¢ggbrGreen) can be used in gPCR (35).
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- Non-specific fluorescent labels:
Fluorescence can be incorporated in the amplicgnsiéans of an intercalating fluorescent
dye such as SYBR® Green | (SG) (34). SG has nadkaence when it is free in a solution,
but when it binds to the minor groove of the DNAubite helix, it becomes fluorescent due to
vibrations which convert electronic excitation enemto heat (35).

- Labeled sequence specific probes:
It is also possible to use probes whereby the élsence of a fluorophore at the 3’ end of the
probe is inhibited by a quencher molecule at therisl of the probe (hydrolysis probes)(35).
Probes bind to the previously amplified strandsrduthe elongation step and subsequently,
probe degradation occurs because the polymeraséstf@ming the complementary strand
also has exonuclease activity. This frees the dipbore from the quencher and as such

fluorescence intensity doubles during each ampliion cycle.

In this study, the following probes/dyes were ussplecies specific hydrolyis probes for
guantification ofHaemophilus influenzaand Streptococcus pneumoniaad SYBR Green

for quantification oMoraxella catarrhalisandStaphylococcus aureus

2. Protocol
- DNA extracts from clinical samples (MEE and adehowdere prepared by

easyMAG DNA extraction (see D: DNA extraction).
- In a pre-PCR room, a PCR mix was prepared:

» For guantification with labeled sequence specifiobps (used foH.
influenzaeandS. pneumonigethe PCR mix contained the LC480 Probes
Master, the species-specific hydrolysis probes dR4.C. 7.5 pl of this
mix was pipetted in each well of the LightCycler4&8ate.

* For gquantification with SG (used f@&. aureusand M. catarrhalig, the
PCR mix contained LC480 SYBR Green, two specifimprs and HPLC.
8.0 ul of this mix was pipetted in each well of thghtCycler480 plate.

- In another pre-PCR room, 2.5 pl (in case labelethgs were used) or 2.0 pl (in
case SG was used) of each DNA-extract was addie tmix.

- The plate was covered with sealing foil and cemgigid for 2 minutes at 15@0

- The plate was inserted in the LightCycler480 aral gpecific protocol for each
species was run. In general, an amplification maltstarted with denaturation at
95 °C during 5’, followed by 40-45 cycles of 10"r@guration at 95 °C, 15” at the
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annealing temperature of primers (and hydrolysabey and 1’ elongation at 72
°C.
- Annealing temperatures were 55 °C fbrinfluenzaeandS. pneumoniges0 °C

for M. catarrhalisand 59 °C folS. aureus

The primers used were hpdF729 and hpdR819, taggetenprotein D gene ¢i. influenzae

in combination with hydrolysis probe hdpPrb727 [Waet al. 2012]. For quantification of
Streptococcus. pneumonjase used primers IytA F373, IytA R424, targetingadysin, in

combination with hydrolysis probe lytA-probe [Wangt al. 2012]. For Moraxella.

catarrhalis we used MCAT1 & MCAT2 in combination with SYBR & [Postet al.

1995]. ForS.. aureuswe used femA-2F and femA-2R in combination witiBR Green

[Paule 2004].

F. Genotyping by melting curve random amplified polymaphic DNA (McRAPD)
1. General principles
3.1McRAPD

When the same bacterial species were found in bohmiddle ear effusion and/or the

adenoid, the strains were genotyped. To genotypddateria, genomic DNA was extracted
by alkaline lysis and was used for melting curvadam amplified polymorphic DNA
(McRAPD). McRAPD is a PCR technique which does meojuire any specific knowledge of
the DNA sequence of the target organism: randommgrs and/or primers directed against
repetitive sequences will or will not amplify a segnt of DNA, depending on positions that
are complementary to the sequence of the primémngs,Trandom segments of genomic DNA
are amplified, which results in a strain specifiegérprint that can be used to distinguish
different genotypes of the same bacterial spediesontrast to RAPD, which demands
agarose gel electrophoresis to distinguish theedifft genotypes, melting curve analysis is
used for MCRAPD and instead of electrophoresisepast one obtains melting curve patterns.
In our study, we used melting curve analysis farhemlcCRAPD, but when the results were

not obvious, agarose gel electrophoresis was aasladcontrol.

3.2Melting curve analysis

Melting curve analysis is a post-PCR analysis wiietermines the temperature at which the
two strands of the amplified ds-DNA fragment(s) aepe or melt. Because the DNA
becomes single stranded when temperature risesRSS&en can no longer bind to this

DNA fragment. The specific melting temperature atle amplified dsDNA strand depends
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largely on the sequence, length, and guanine-eyq§C) content of the ds-DNA fragment.

The generation of melting curves is based on thiscyple: by slowly heating the PCR
mixture after thermal cycling (i.e. the mixtureahplified dsDNA fragments) and measuring
the decrease in fluorescence when SYBR Greenesl firom the denatured DNA, a melting
curve is generated. Different PCR-products wittiedént lengths and base pair composition
will have different melting temperatures. Thus, whkiorescence is plotted in function of
time, these different PCR-products will have difer peaks. Two strains of the same
genotype will have the same peak pattern (36).

3.3 Agarose gel electrophoresis

As described above, MCRAPD does not require agageselectrophoresis for interpreting
the results. However, in our study, we conducteat@ge gel electrophoresis when the results

from melting curve analysis were not clear.

Using agarose gel electrophoresis, DNA fragmerasyary in size can be separated. Agarose
gel is a large-pored gel matrix that consists @frage, a polysaccharide, which is added to an
electrophoresis buffer. DNA samples, stained withdeum bromide for visualisation under
UV-light, are loaded into wells present in the agar gel(37). Because of the presence of
phosphate groups on DNA, these molecules are nefjattharged at neutral pH. When an
electrical field is put in place, these molecullesst migrate through the agarose gel towards
the positive pole of the electric field. The spaeadvhich DNA fragments migrate through the
agarose gel depends largely on the DNA fragmeige. $mall fragments will migrate faster
than large fragments. Thus, DNA fragments with edight sizes can be distinguished. By
comparing the result with a marker with a known bemof base pairs, the size of the DNA
fragment can be estimated (37).

3.4 Protocol

To perform McRAPD, a mix of two primers (ERICIl: AATAA GTG ACT GGG GTG
AGC G and RAPD4: AAG AGC CCG T) and LC480 SYBR Greenaster mix was made. 8
pl of this mix was pipetted into the cells of a P@Rte in a pre-PCR room. In another pre-
PCR room, 2 pl of DNA extract of the strains todemotyped, was added to the 8 pl of mix.
The plate was then covered with a plastic film aedtrifuged to bring down the mixes and to
avoid air bubbles at the bottom of the wells at &7 (2200 rpm in Eppendorf 5430). The
plate was inserted in the Lightcycler 480 (Rochepligal Science) and the following PCR
program was run (Table 3) after the run, the PGRepk stored at -20 °C.
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Table & Program of PCR run on LightCycler 480

Step Time & Temperature
Denaturation 10’ 95 °C
Amplification (55x) 30”95 °C
20" 45 °C

40" 72°C-sinale

Meltina 5795 °C
60” 60 °C

97 °C-ramp 0.02 °C/se- continuou

Coolina 30" 40 °C

G. Fluorescence in situ hybridisation (FISH)

1. General principles
FISH is a molecular cytogenetic technique in whibk binding of fluorescently labelled

DNA probes to their sequence complementary target loe visualised by fluorescence
microscopy (i.e. also by CLSM) (38). The combinatiaf these techniques can be used to
visualise the morphology and spatial arrangememargieted microbial cells, such as biofilm
structures (39). FISH can be performed on manuifit targets, including RNA and DNA.
For FISH on rRNA (which was performed in this stydyicrobial cells are permeabilised
and incubated with fluorescently labeled oligonatiltes that specifically target rRNA (38,
39). DAPI staining, a universal EUB388-Alexa555 lmraand aH. influenzaespecific probe

were used in this study.

2. Protocol
The ultimate purpose of performing FISH was to ss$e what degrdd. influenzadacteria

were present in biofilm structures in the MEE. Tokowing protocol was used.

Day 1:

Place a heater at 80 °C and another heater at.50 °C
Transfer 50 pul of MEE to a 0.6 ml Eppendorf tube.
Add 500 pl wash buffer and incubate for 5 min amaemperature.

0N R

Centrifuge 2 min at 11500 g.

35



Materials and methods

5. Remove the Wash buffer and transfer the middlee#asion to a new 0.6 ml
Eppendorf tube.

6. Add 400 pl of Ammonium-Chloride-Potassium (ACK)ilybuffer.

7. Incubate at room temperature for 5 min, smoothbkskno vortex) the 0.6 ml
Eppendorf tube.

8. Centrifuge for 2 min at 11500 g.

9. Remove supernatant.

10.Repeat steps 6 to 9 until all the blood is remdvenh the sample

11.Add 500 pl Wash buffer and incubate for 5 min anatemperature.

12.Centrifuge 2 min at 11500 g.

13.Remove the Wash buffer.

14.Repeat steps 10 to 12.

15. Dehydrate the sample:

a. Wash sample for 1 min in 300 pl 70 % EtOH.
i. Centrifuge 1 min at 11500 g.
ii. Remove supernatant.

b. Wash sample for 1 min in 300 pl 85 % EtOH.
i. Centrifuge 1 min at 11500 g.
ii. Remove supernatant.

c. Wash sample for 1 min in 300 pl 100% EtOH.
i. Centrifuge 1 min at 11500 g.
ii. Remove supernatant.

16. Take one tube of 20 pl probe work solution (10 eyl add 480 pl of hybridisation
buffer (work solution 100nM) so the total volumecbmes 500 ul, which is enough
for 5 samples. Do this for the EUB388-Alexa555 &#EINF probes.

17.Submerge the sample in 100 ul of the working sotuaf EUB388-Alexa555 and 100
pI of the working solution HAEINF probe in a 0.6 Egppendorf tube.

18.Incubate 5 min at 80 °C in heater, in the dark.

19.Incubate overnight in the dark (minimum 16 h) at60
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Day 2:

20.Place a heater at 73 °C.
21. Centrifuge sample for 2 min at 11500 g.
22.Remove supernatant.
23.Wash the sample with 300 pul Wash buffer with 3%0rriX-100 at room temperature
for 4 min.
24.Centrifuge 2 min at 11500 g.
25.Remove supernatant.
26.Wash the sample with 300 pl Wash buffer with 3%crriX-100 for 2 min at 73 °C.
27.Centrifuge 2 min at 11500 g.
28.Remove supernatant.
29.Wash the sample with 300 pl Wash buffer with 3%0oFriX-100 for 2 min at room
temperature.
30. Centrifuge 1 min at 11500 g.
31.Remove supernatant.
32.Dehydrate the sample in 0.6 ml Eppendorf tube:
a. Wash sample for 1 min in 300 pl 70 % EtOH.
i. Centrifuge 1 min at 11500 g.
ii. Remove supernatant.
b. Wash sample for 1 min in 300 pl 85 % EtOH.
i. Centrifuge 1 min at 11500 g.
ii. Remove supernatant.
c. Wash sample for 1 min in 300 pl 100% EtOH.
i. Centrifuge 1 min at 11500 g.
ii. Remove supernatant.
33.Add 200 pul of 4',6-diamidino-2-phenylindole (DARI) pg/ml dHO) to the sample in
a 0.6 ml Eppendorf tube.
34.Leave the sample in the dark with DAPI stain onFaeninutes at room temperature.
35. Centrifuge for 2 min at 11500 g.
36.Remove supernatant.
37.Wash the sample with 400 ul wash buffer for 2 min.
38. Centrifuge 2 min at 11500 g.
39.Remove supernatant.

40.Repeat steps 36 to 38.
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41.Dehydrate the sample in 0.6 ml Eppendorf tube:
a. Wash sample for 1 min in 300 pl 70 % EtOH.
i. Centrifuge 1 min at 11500 g.
ii. Remove supernatant.
b. Wash sample for 1 min in 300 pl 85 % EtOH.
i. Centrifuge 1 min at 11500 g.
ii. Remove supernatant.
c. Wash sample for 1 min in 300 pl 100% EtOH.
i. Centrifuge 1 min at 11500 g.
ii. Remove supernatant.
42.Transfer sample to slide and divide the samplevmmgmall pieces using a scalpel.
43. Transfer one of the small parts to a new slide.
44.Add a cover slide on each sample on the two indadidlides.
45. Analyse the slides with the CLSM.

H. Confocal Laser Scanning Microscopy (CLSM)
CLSM is a microscopy technique used for 3D imaghgiological specimens. One or more

lasers, which pass through an excitor, differenhimatic filters and a scanning unit, reach
the objective lens of the microscope and hit thexcspen. Scattered laser light and fluorescent
light, formed by the excitation of the fluorescenarkers, is detected by a photomultiplier
tube, positioned just behind a pinhole, which retsright that is out of focus or coming from
above or below the plane of interest in the spegirii@e output of the photomultiplier tube is
processed by a computer and is then displayedimgtal image on a video monitor screen.
The CLSM produces optical sections of the specitmescanning it point-by-point with the
laser beam focused in the specimen, and using #alsgdter to remove unwanted
fluorescence from above and below the focal planiaterest. Thus, only information from
the focal plane of interest reaches the photodateéts such, CLSM has the ability to
produce multidimensional images. These images i@ated by the collection of images at
different depths and/or time points(40).

Images produced by CLSM were processed and analgsed the ImageJ software package.
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|. Statistics
Statistical processing of the results of this studg performed using the SPSS Statistics 20

software. To find a statistical correlation betwetvo paired, dichotomous variables, a
McNemar test was performed. In order to compareréselts of this study with previous

reported results, a Z-test for proportion was pentxl, which calculates a 95% confidence

interval around a resn{tt —1.96 /% ;p+ 1.96 f%l (with p= the number of patients

positive for a specific investigated characteriaticl N= the population size).
When the results of other studies were not comgnsighin this confidence interval, this

meant our results differed significantiy<(0.05).
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Results

1. Patient characteristics, history and risk factors

In total, 34 patients were included in this studiywhich 19 were boys and 15 were girls.
Patient characteristics are summarised in tablEhd. mean age of the included patients was

3.3 years old, with a maximum age of 6.6 yearsaold a minimum age of 1.1 year old.

Eleven out of 34 patients (33%) were not breastfadthe group of children that were
breastfed (66%), the mean duration of breastfeediag) 4.9 months, with a minimum of 1

month and a maximum of 12 months.

Table 4: Patient characteristics
N
Male 19
Sex
Female 15
None 27
Previous ENT surgery Bilateral tympanostomy tubd
Facial nerve neurinoma
Not known
Pneumococcal
) L Yes 29
conjugate vaccination
No
Home
Daycare <5 children
Type of daycare Daycare >5 - <10 children 4
Daycare >10 children 15
School >=20 children 12
0 9
Number of siblings 1 15
2 9
) Yes 22
Breastfeeding
No 11
. . Yes 1
Passive smoking
No 31
Yes 11
Soother use
No 22
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2. Culture

2.1 Pilot
In order to identify the most frequent bacteriat@ps, a pilot study was performed. Samples
of middle ear effusion (MEE), adenoid tissue ara tlhsopharynx from 13 different patients
were used for culturing in this pilot study. Inabt23 MEE samples (11 left ears, 12 right
ears), 13 adenoid samples and 11 nasopharynx sample collected from these patients.
After culturing these samples, 15 different baetespecies were found in the MEE samples,
45 different species in the adenoid and 21 diffespecies in the nasopharynx. The results are

shown in addendum | - Table I.
2.1.1 MEE

In the MEE, the most common bacterial species waemophilus influenzagHl) (24%),
Staphylococcus epidermidid2.1%), Staphylococcus aureu$A) (9.1%), Staphylococcus
caprae(9.1%) andStreptococcus pneumoniéeP) (9.1%). (See addendum | - Table 1)

2.1.2 Adenoid

In the adenoid samples, the most common bactgraias weres. pneumonia€l0.5%),H.
influenzae(8%), S. aureuq7%), Actinomyces odontolyticd.7%), Granulicatella adiacens
(4.7%) andMoraxella catarrhalis(MC) (4.7%). (See addendum | - Table I)

2.1.3 Nasopharynx

In the nasopharynx samples, the most common baktgpecies wer€ornynebacterium
pseudodiphtheriticunfil5.2%),H. influenzag13%), S. epidermidi§13%),S. aureug10.9%)
andM. catarrhalis(6.5%).(See addendum | - Table 1)

Of all MEE, adenoid and nasopharynx samples togdt® samples), the most frequently
found species werél. influenzae(12.8%), S. aureus(8.5%), S. epidermidis(7.9%), S.
pneumonia€8.5%) and\. catarrhalis(4.2%).

In different samples, multiple bacterial speciesevund. The mean number of species
found in the adenoid, nasopharynx, right ear aftdekr were 7, 4, 2.5 and 1.1 respectively.
We did not receive a nasopharynx swab from 1 pateenight MEE sample from 8 patients
and a left MEE sample from 4 patients. There wagyraawth in 16 MEE samples. (See
addendum | - Table II)
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2.2 Final study

Because of the fact th&t. influenzae S. pneumonigeM. catarrhalis and S. aureuswere
found in relatively high rates by culture technigue the pilot study and are known to be
otopathogens, we focused especially on these mdtethe final study. Individual culture
results from each patient included are discussddwbén Table 6. Results below are

combined with the pilot study.
2.2.1 MEE

In total, 57 MEE samples were collected from 34quds, of which 41 samples (72%) were
culture positive for bacteria. 29 MEE samples (518é)e culture positive fa. influenzae,

S. pneumoniae, M. catarrhals S. aureus16 samples (18%) showed no growth.

When focusing on the number of patients, we cate steat 29/34 (85%) patients had MEE
with a culture positive result. In 22/34 patieri§%), the MEE of at least one ear was culture
positive forH. influenzae, S. pneumoniae, M. catarrhalrisS. aureus5 out of 34 patients

(15%) only had culture negative MEE.

The most frequently found bacterial species inMiteE samples wasl. influenzae which
was found in 20 out of 57 MEE samples (35%).

2.2.2 Adenoid

All adenoid samples were culture positive for baate32 out of 34 adenoid samples (94%)

were culture positive fad. influenzae, S. pneumoniae, M. catarrhalisS. aureus.

In the adenoid, the most frequent bacterial spegasS. pneumonigenhich was present in
23 out of 34 adenoid samples (68%i. influenzaewas present in 19 out of 34 samples
(59%).

3. gPCR

Results from qPCR are shown in Table Ill in addergRRCR was only performed on the
samples of the 13 patients from the pilot stud§2758.3%) MEE-samples, 11/12 (91.7%)
adenoid samples and 5/5 (100%) nasopharynx samgles positive foH. influenzae 3/11

(27.3%) MEE samples, 6/12 (50%) adenoid samples5#hd100%) nasopharynx samples
were positive forS. pneumoniaeNot one of the MEE samples (0/12) or adenoid sesnp

(0/12) were positive foM. catarrhalis but 2/5 nasopharynx samples were positiveMor
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catarrhalis 6/11 (55.5%) MEE-samples and 5/5 (100%) nasopixasamples were positive

for S. aureusbut all adenoid samples (0/12) were negativeéhisrbacteria.
4. Relation between bacterial speciesin MEE and adenoid/nasopharynx samples

Taking into consideration all 34 patients, 19 ou2? patients (86.3%) with a culture positive
MEE for one of the four bacterial species we foduse, the same bacterial species was found
in the MEE of at least one ear and in the adenoitiasopharynx. (See table 5) In 1/22
patients (4.5%), the same bacterial species waslfoaly in the MEE of both the left and the
right ear, but not in the adenoid/nasopharynx./&2 Datients (9%), no relationship between
the bacterial species in the MEE and the adenadfitearynx was found. In 2 patients, the
MEE and adenoid/nasopharynx samples were cultisgiymfor 2 different bacterial species.

In 1 patient, these cultures were positive forf8dent bacterial species.

Table 5: Results of culture for each individual patient,dsimg on H.
influenzae, S. pneumoniae, M. catarrhalis and $ewsi
Patient Nasopharynx | Adenoid Right ear Left ear
ORL09 N 0 N 0
ORL10 SA SA, SP 0 N
ORL11 MC MC, SA HI HI, SP
ORL13 N SA SA, SP 0
ORL14 HI, SA HI, SA HI 0
ORL15 HI HI HI HI
ORL16 HI,SA, SP HI, SP SA, Ss 0
ORL17 SA HI, SA, SP SA N
ORL18 0 0 0 0
ORL19 HI MC, SP 0 0
ORL20 HI, SF HI, SF SP HI
ORL21 MC HI, MC, SP | HI 0
ORL22 HI ,MC HI, MC, SP | HI 0
ORL23 / SP HI, MC,SF | HI
ORL24 / HI, SP HI HI
ORL25 / HI, MC SP NG
ORL26 / HI, SP HI NG
ORL27 / MC, SP NG NG
ORL28 / HI, MC, SP 0 0
ORL29 / HI, MC,SF NG SP
ORL30 / HI, MC, SP NG HI
ORL31 / HI, SP HI N
ORL32 / SP N HI
ORL33 / HI, MC,SP | HI,MC,SP | N
ORL34 / HI HI HI
ORL35 HI, MC, SA,

/ SP N NG
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ORL36 / SP 0 NG
ORL37 / SP NG 0
ORL38 / HI, SS, MC N NG
ORL39 / SP N NG
ORL40 / SP N SP
ORL41 / MC, SP NG 0
ORL42 / HI, Ss Ss HI, SF
ORL43 / MC,SA N SA, Ss
Legend
0 No relevant N No sample / No test performed
bacteria found
NG | No Growth HI | H.influenzae SP | S. pneumoniae
MC | M. catarrhalis SA | S. aureus Ss | Streptococcus species
Bold | Relation between Relation adenoid/nasopharynx with left/right ear
bacterial species

In 4/13 (30.8%) patients of the pilot study, thensabacterial species was found in a MEE
sample and the adenoid or nasopharynx with gPCe&e (8ble 6) In these 4 patients, the
relation between the bacterial species in the MEBR& the adenoid/nasopharynx was also

found by culturing.

Table 6: Results of gPCR for each individual patient focgsan H.
influenzae, S. pneumoniae, M. catarrhalis and &l

Patient Nasopharynx | Adenoid Right ear Left ear
ORLO9 N HI N SA
ORL10 N 0 / N
ORL11 HI, MC, SA,SP| HI, SP HI, SA HI
ORL13 N HI, SP / /
ORL14 HI, MC, SA,SF | HI, SP HI, SP HI, SA, SP
ORL15 HI, SA, SP HI, SP 0 0
ORL16 HI, SA, SP HI, SP HI, SA, SF HI, SA
ORL17 HI,SA,SP HI SA N
ORL18 / 0 / /
ORL19 / HI / /
ORL20 / HI / /
ORL21 / HI, SP / /

ORL22 / HI / /

Legend: See table 5
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5. Genotyping

Genotyping was only done when the same bacteriaciep was found in both the
adenoid/nasopharynx and the MEE of at least onereiarthe MEE of both ears (even when
the adenoid was culture negative). Results fronotyging are shown in Table 7. In 12 /19
patients (63%) with the same bacterial specie®th the MEE and the adenoid/nasopharynx,
it involved the same bacterial genotype. In theaflegmts in which the same bacterial species
was found in both the right and left MEE, but notthe adenoid/nasopharynx (ORL11 and
ORL23, of which ORL23 also had a bacterial spe(®pneumonigehat was present in the
MEE and the adenoid/nasopharynx), it also involvedsame genotype.

Table 7: Results of genotyping isolates of the same sp&oiesdifferent sites per
patient
Patient Species Adenoid NasopharynxRight ear Left ear
ORL09 / / N N /
ORL10 / / / / /
ORL11 HI / / a a
ORL12 / / / / /
ORL13 SA abb’ N ab /
ORL14 HI ab ac acd
ORL15 HI ab cd C de
ORL16 SA ab / cd /
ORL17 SA ab 0 cd N
ORL18 / / / / /
ORL19 / / / / /
ORL20 HI ab cd / a
SP ab a a /
ORL21 HI 0 / / a
ORL22 HI abd 0 d /
ORL23 HI / N a ab
SP a N b /
ORL24 HI abc N 0 ad
ORL25 / / N / /
ORL26 HI ab N ab /
ORL27 / / N / /
ORL28 / / N / /
ORL29 SP abcd N / ef
ORL30 HI a N / a
ORL31 HI ab N ac N
ORL32 / / N N /
ORL33 HI ab N ac N
SP ab N ab N
MC a N b N
ORL34 HI abcdef N ag f
ORL35 / / N N /
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ORL36 / / N / /
ORL37 / / N / /
ORL38 / / N N /
ORL39 / / N N /
ORL40 SP a N N bc
ORL41 / / N / /
ORL42 | n a N / a
SP a N a a
ORL43 SA a N N b
Legend
0 | Negative SP | S. pneumoniae | HI H. influenzae
N | No sample MC | M. catarrhalis | Bold | Relation adenoid-ear
/ No test performed | SA | S. aureus

The relation between the presence of an ident&etidial species in the adenoid/nasopharynx
and the middle ear on the one hand and the presdribe same bacterial genotype on the
other hand was investigated. For this, only theseepts who had positive culture results for
both the MEE and adenoid/nasopharynx samples vedeeted (N=22). The relation between
the presence of an identical bacterial speciesaandentical bacterial genotype on the places

mentioned proved to be significant (McNemar Tpsf).03).
6. Relation between culture and gPCR (pilot + final)

The relation between culture and gPCR for adenaidpdes is shown in Table 8.1. Samples
from 12 patients were tested for the four most comwtopathogens and compared. A similar
result was found in 26/48 adenoid samples (54%) witlture methods and qPCR. In 8/48
(17%) of the adenoid samples culture was negative gPCR positive. In the adenoid

samples, 14/48 (29%) were culture-positive and gP€gative. gPCR of the adenoid for S.
aureus was negative for all samples, while cultasellts were positive for S. aureus in 7/12
(54%) of the samples.

The relation between culture and gPCR results é&spopharynx samples is shown in table 8.2.
Samples of 5 patients were tested for the four magtmon otopathogens. In 11/20 (55%) of
the nasopharynx samples, a similar result was fomitid gqPCR and culturing methods. In

9/20 samples (45%), culture results were negabiveqgPCR was positive.
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The relation between culture and gPCR for MEE sam shown in Table 8.3 (left ear) and
8.4 (right ear). Eleven samples from 7 differertigrds (5 left ear, 6 right ear) were tested for
the four most common otopathogens and comparedrighe MEE sample of ORL10 was
tested only foH. influenzaeand M. catarrhalis. A similar result was found in 30/42 cases
(71%) with culture methods and qPCR. In 9/42 c#2&%o), culture results were negative but
gPCR was positive. In 3/42 cases (7%), cultureltestere positive but gPCR was negative.

For a total of 110 cases (including MEE samplesnadl and nasopharynx samples tested for
the 4 most important bacteria), both qPCR and wriltvere performed. In 26 of these cases
(23.6%), there was a culture negative but gPCRtipesiesult. This percentage proved to be
not significant (McNemar Test: p=0.117). In 17 bése cases (15.5%), there was a culture

positive but g°PCR negative result.

When looking only to the results of the MEE samptd3CR and culture were performed for a
total of 42 cases. In 21.4% of these cases, thase avculture negative but gPCR positive

result. This number proved to be not significantmar Testp=0.146).

Table 8.1: Relation between culture and gPCR (Adenoid)
H. influenzae S. pneumoniae M. catarrhalis S. aureus
Culture | gPCR | Culture | gPCR | Culture | gPCR gPCR
Culture
ORLY9 0 X 0 0 0 0 0 0
ORL10 0 / X / 0 / X /
ORL11 0 X 0 X
ORL12 / / / /
ORL13 0 X 0 X
ORL14 X X 0 X
ORL15 X X 0 X
ORL16 X X X X
ORL17 X X
ORL18 0 0
ORL19 X X
ORL20 X X
ORL21 X X
ORL22 X X

Legend: See table 8.4
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Table 8.2: Relation between culture-gPCR (Nasopharynx)

H. influenzae S. pneumoniae M. catarrhalis S. aureus
Culture | gPCR | Culture | gPCR | Culture | qPCR | Culture | qPCR
ORL9 N N N N N N N N
ORL10 0 N 0 N 0 N X N
ORL11 0 X 0 X X X 0 X
ORL12 / / / / / / / /
ORL13 N N N N N N N N
ORL14 X X 0 0 0 0 X X
ORL15 X X 0 X 0 0 0 X
ORL16 X X X X 0 X X X
ORL17 0 X 0 X 0 X X X
ORL18 0 / 0 / 0 / 0 /
ORL19 X / 0 / 0 / 0 /
ORL20 X / X / 0 / 0 /
ORL21 0 / 0 / X / 0 /
ORL22 X / 0 / X / 0 /
Legend: See table 8.4
Table 8.3: Relation between culture-gPCR (Left ear)
H. influenzae S. pneumoniae M. catarrhalis S. aureus
Culture | gPCR | Culture | gPCR | Culture | qPCR | Culture | qPCR
ORL9 0 0 0 0 0 0 0 X
ORL10 N N N N N N N N
ORL11 | X X e o 0 0 0
ORL12 / N / N / N / N
ORL13 0 / 0 / 0 / 0 /
ORL14 0 X 0 X 0 0 0 0
' ORL15 NNGNNNONN 0 0 0 0 0 0
ORL16 0 X 0 0 0 0 0 X
ORL17 N N N N N N N N
ORL18 0 / 0 / 0 / 0 /
ORL19 0 / 0 / 0 / 0 /
ORL20 X / 0 / 0 / 0 /
ORL21 0 / 0 / 0 / 0 /
ORL22 0 / 0 / 0 / 0 /

Legend: See table 8.4
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Table 8.4 Relation between culture-gPCR (Right ear)

H. influenzae S. pneumoniae M. catarrhalis S. aureus
Culture | gPCR | Culture | gPCR | Culture | gPCR gPCR
Culture

ORLY9 N N N N N N N N

ORL10 0 0 0 / 0 0 0 /

ORL11 X X 0 0 0 0 0 X

ORL12 / X / 0 / 0 / X

ORL13 0 / X / 0 / X /

ORL14 X X 0 X 0 0 0 0
ORL15 INDGNNENONN o 0 0 0 0 0

ORL16 0 X 0 X 0 0 X X

ORL17 0 0 0 0 0 0 X X

ORL18 0 / 0 / 0 / 0 /

ORL19 0 / 0 / 0 / 0 /

ORL20 0 / X / 0 / 0 /

ORL21 X / 0 / 0 / 0 /

ORL22 X / 0 / 0 / 0 /

Legend

Culture positive- Culture negative- Correspondence

- gPCR negative gPCR positive culture- gPCR

0 Negative X Positive N | No sample

/ No test performed

7. Fluorescencein situ hybridisation (FISH)

FISH was performed on 14 MEE samples to detectilimidfiormation, specifically byH.

influenzae Of these 14 MEE samples, 11 were culture posfvéd. influenzaeThree other

samples were used as a negative control. Of thesatBol samples, 2 were culture negative

and 1 showed bacterial growth by culturing, but wasculture positive foH. influenzae, S.

pneumoniae, M. catarrhalier S. aureusin 14 of the 14 MEE samples, blood was visually
present before the FISH protocol was run. In heke samples (of which 1 negative control),
blood was still visible after the protocol was rdfiSH analysis was not possible for these
samples.

The FISH results are summarised in table 9. IL@AIMEE samples, live bacteria were seen
with CLSM. In 5 of the 10 MEE samples (50%) thatreveppropriate for FISH analysis,
evidence of the presence ldf influenzaespecific biofilm structures was found. (See figures

5-8).

49



Results

In 2 out of 5 MEE samples in which nd. influenzaespecific biofilm was detected,

nonspecific bacterial clusters were found. In nofdhe negative controldl. influenzae
specific biofilms structures were detected. In Daiwe control (ORL37R), non-specific
bacterial clusters were detected. Figures of samplevhichH. influenzaespecific biofilm

structures could not be detected, are added imadd&See addendum 1l - figures | & 11).

Table 9: FISH results
Sample Culture Presence of| Presence of, Presence of | Presence oH.
positivity blood in blood in live bacteria influenzae
for H. sample sample specific
influenzae before after biofilm
protocol protocol structures
ORL23R Yes Yes No Yes Yes
ORL24R Yes Yes No Yes Yes
ORL24L Yes Yes No Yes No
ORL26R Yes Yes No Yes No
i
ORL32L Yes Yes No Yes Yes
ORL33R Yes Yes Yes :////////////////////%f/////////////////%
S wm
ORL42L Yes Yes No Yes No
R
ORL37L No Yes No Yes No
Legend
m Sample not appropriate for FISH analysis due ésg@nce of blood in the sample
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General info figures £-8: Three probes were used for the visualisation ofilbie in MEE samples. DAPI staine
nucleoli blue. The EUB388-Alexa555 probe was a ergal probe which stained bacteria green. Ahénfluenzae
specific probe stainedi. influenzaebacteria red. The combination of the EUB388-Alé&%probe and theéd.
influenzaespecific probe leads to a yellow colour, whichafieally indicates the presence f influenzae

~_ ORL23R
’

ORL24R (b) [l ORL24R (b) 3D

Figure 5: CLSM images of biofilm structures visualized bysH. (A) A H. influenzaebiofilm structure of 10 pm
with planktonic - free floatindd. influenzaebacteria around the biofilmstructure (arroiB) Two neighboringH.
influenzaebiofilm structures of 15.3 and 13.3 um with plankto— free floating bacteria from the biofilm stture
(arrow). (C) A section of a larger biofilm structure visualised3D in (D) with planktonic — free floating bacteri
around the biofilm structure (arro.

2%
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ORL31R ORL32L

ORL34L (a) | ORL3A4L (b)
»

Figure 6;: CLSM images of biofilm structures visualized bySH. (A) A biofilm structure ofH. influenzaebacteria
of 5.7 um.(B) A biofilm structure ofH. influenzaebacteria of 6.2 by 7.7 unfC) A large biofilm structure of.
influenzaebacteria of 35um with planktonic — free floatingctmia around the biofilm structure (arrowiR) A H.
influenzaebiofilm structure around DAPI stained nucleoli.
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£

ORL34L (c) Jl ORL34L (d)

ORL34L (d) 30 |l ORL34L (e)

Figure 7. CLSM images of biofilm structures visualized bySH. (A) A large biofilm structure oH. influenzae
bacteria of 46x14 pum with planktonic — free flogtibacteria around the biofilm structure (arrow®) A part of a
biofilm structure ofH. influenzaebacteria of 34 um. Green staining indicates otlaetdrial involvement. This biofilm
was reconstructed in 3D {€). (D) A biofilm structure oH. influenzaebacteria with planktonic — free floating bacternia
(arrows) nearby the biofilm structure.
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@

4
L 4

ORL34L (f) 1 ORL34L (f) 2

ORL3A4L (f) 3. Jll ORL34L (f) 3D

Figure 8: CLSM images of the same biofilm structure on défe levels on the Z axis, visualized by FISH (§Hsist,
3 lowest). Green staining indicates a polymicrotbadfilm structure. Yellow spots point to involventeof H.
influenzaein this biofilm. A 3D view visualises the extensiess of this polymicrobial biofilm structure irasp.
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Discussion

Although otitis media with effusion (OME) is a highprevalent disease in children, the
pathogenesis is still not well understood. OME duatsrespond well to antibiotics, which led

to the hypothesis that biofilm structures are imedlin the pathogenesis of this disease.

Biofilms have been demonstrated on the surfackeoftlenoid tissue, so it is assumed that the
adenoid might act as a reservoir for otopathogbauateria. About the formation of biofilms
in the middle ear of children with OME, there islyohmited data available (25). Research
groups have reported findings of biofilms in theddie ear mucosa of children (23, 25). Until
this day, only one study (3) has been publishedhich biofilms were found in the middle

ear effusionsn vivo.

Trying to establish the role of biofilms in the pagenesis of OME, this research focused on
two main aspects. The first goal was to confirm hilgpothesis that the adenoid may act as a
reservoir for otopathogenic bacteria by identifythg same bacterial species and genotype in
both the MEE and the adenoid. The second goal wdsd evidence of the presence of
biofilm structures in the middle ear effusions éildren with OME. Therefore, gPCR and
culture results were compared, which made it pésdib find evidence of the so called
‘biofilm paradigm’. This paradigm states that, besm middle ear effusions of patients with
OME are often culture negative, but bacteria carfdoed using gPCR, biofilm structures
must be present. The second goal was to demonstratpresence of biofilmm vivo by
performing FISH and CLSM.

In this studyStreptococcus pneumonia@as the most frequently cultured bacterial speicies
the adenoid. It was found in 68% of all sampleaemophilus influenzawas present in 59%

of all samples. Dhoogeet al (10) culturedS. pneumoniaenly in 23% of the nasopharynx
samples of patients. Insteadl, influenzaevas found in 74% of samples and was therefore the
most frequently found bacterial speciBg Baereet al (24) cultured bothd. influenzaeand

S. pneumoniai the same quantity in the nasopharynx (40% ofpdas were positive).

Of all MEE samples in this study, 72% were cultpgsitive for bacteria. This number is
significantly higher than the 45.2% culture pogtMEE samples Danieét al. (3) reported.
(Z-test for proportionp<0.05). Of all samples, 51% were culture positive lfarinfluenzae

S. pneumonigeéMoraxella catarrhalisor S. aureusThis is a significantly higher result than
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Hall-Stoodley.et al (23), who reported that only 19% of MEE samplesenculture positive
for H. influenzae, S. pneumoniae M. catarrhalis (Z-test for proportionp<0.05). Since in
this study only 3 MEE samples were culture posiseéely for Staphylococcus aureughe

fact that we include®&. aureusn this comparison cannot explain this significdifterence.

H. influenzaewas present in 41% of the MEE samples. It wasetbez the most frequently
found bacterial species in the MEE samples, andivas be regarded as the most important
otopathogenic bacterial species in the pathogew&SM¥VE in this study. These findings only
correspond to those of Thorntaet, al (25), who reportedd. influenzaein 45% of samples.
However, the samples used by Thornteinal (25) were middle ear mucosal biopsies, so one
should be cautious when comparing these two. Q#s®arch groups reported significantly
different results. Danielet al. (3) reported coagulase negati&taphylococcugCoNS),
Veilonellaspecies an®&. aureugo be the most prevalent in MEE samp&spneumoniaand

M. catarrhaliswere more prevalent thah influenzaewhich was present in only 3.2% of the
MEE samples (3). This difference in prevalencédoinfluenzaeproved to be significant (Z
test for proportionp<0.05). Hall-Stoodley,et al. (23) also reportedH. influenzaeto be the
most frequent otopathogenic bacterial species fdyndulturing, but only 7% of the MEE
samples were culture positive fidr influenzaen their study. This percentage is significantly
lower than our findings (Z-test for proportiopg0.05). However, Hall-Stoodleyet al. (23)
also reported thatl. influenzaewas found in 71% of samples by PCR, which is sicpmtly
higher than our results (Z-test for proportipg0.05) (23).

Possible explanations for the significant differesien bacteriological findings between this
study and previously reported literature are défees in population (age, in- and exclusion
criteria) and methodology. Dhooget al. (10) and De Baeregt al. (24) used the same
exclusion criteria as those used in this study, Dboge et al. (10) studied children with
recurrent acute otitis media, De Baeztal. (24)included patients scheduled for middle ear
surgery, but not specifically with the diagnosis@G¥IE. The culture media used by Dhooge,
et al. (10), De Baereet al (24), Hall-Stoodleyet al (22 and Daniel et al (3) differed from
those used in this study. (See addendum Il — tABl&lall-Stoodley et al.(22) only cultured

in an aerobic environment at 5% &€But not in an anaerobic environment. In this stumbth
aerobic and anaerobic culturing was performed. &aat al. (3) also performed aerobic and
anaerobic culturing, but anaerobic culturing waly @erformed with sheep blood agar, which

is not suited to grow. influenzae.
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De Baereegt al.(24), Hall-Stoodleyet al (22 and Daniel et al (3) all used a different study
population, which was older than the populatiordi&d in this research. (See addendum Il —
table 1V). Usage of antibiotics in the month priorthis study was an exclusion criterion in
this study, while Hall-Stoodleyet al. (22) did not exclude patients who used antibiotics.
These parameters have to be taken into account wbeparing results from different

studies.

In order to support the hypothesis that the adermits as a potential reservoir for
otopathogenic bacteria, results from culturing agehotyping were analysed. In 19/34
patients (55.9%), the same bacterial species wasdfn the MEE and in the adenoid. This
percentage is significantly higher than the pemgatfound by Emaneinet al (22), who
found the same bacterial species in 31% of theiedudopulation (Z-test for proportion:
p<0.05. The same bacterial genotype was found in thellmidar and the adenoid in 12/34
patients (35%) included in this study. This peragetis higher, but not significantly different
from the percentage found by Emanggt al (Z-test for proportionp>0.05), who reported
to have found a relation in genotype in 29% of gras (22). It should be noted that in the
study of Emaneiniet al a different method for genotyping was used (ml§eld gel
electrophoresis) than in this study (McRAPD) (22).

These findings, together with the fact that a statl significant correlation could be found

between the presence of the same bacterial spacibs adenoid and the MEE on one hand
and the presence of the same bacterial genotyfigese places on the other hand, point in the
direction that the adenoid indeed acts as a regsdoratopathogenic bacteria, which was one

of the goals to investigate of this study.

Previous research has shown that MEE and adenombles often had negative culture
results, but positive PCR results (24). Hall-Stegdet al. (23) reported that only 19% of
MEE samples were culture-positive fdr influenzae, S. pneumoniaeM. catarrhalis while
100% of the MEE samples assessed by PCR wereeo$iti at least one of these three
bacteria. De Baereet al.(24) reported that 55% of MEE samples were cultwgative, but
CLSM proved the presence of bacteria in all MEE gas1 These findings have led to the
hypothesis that bacteria present in the middlereside in a biofilm formation, the so called
biofilm paradigm. This paradigm suggests that b&cten biofilm are often difficult to
culture, but their presence can be demonstratedRgR0, when biofilms are present, one

may expect a high number of culture negative bi@RPositive samples.
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In this study, 23.6% of all samples (MEE, adenaid aasopharynx samples combined) had a
culture negative but gPCR positive result. Althodlgé fact that this result proved to be not
significant, this percentage might suggest thegres of biofilms in an important number of
cases. These results are lower than those repartdrature (23, 24). This can be explained
by the fact that the combination of culture and BR&@as performed on a very low number of

patients in this study. (N=7 for MEE samples)

Biofilm formation on adenoid tissue has been presip reported in literature (21). Therefore,
the focus of this study was to investigate biofflormation in MEE. In this study, 21.4% of
the MEE samples had a culture negative but a qR&SRiye result.

In 15.5% of all 110 cases in which qPCR and culttesults of MEE, adenoid and

nasopharynx samples were compared, a culture yasitut g°PCR negative result was found.
Since gPCR is a more sensitive technique than rondtuthis is counterintuitive. Possible

reasons for this result can be found in potenbatamination of culture plates, problems with
standard series used in gPCR or human errors forpeng qPCR. These topics are further
discussed below (se8: Pitfalls).

Using CLSM, live bacteria were seen in 100% of theestigated MEE samples. This
percentage is higher, but not significantly differ&om the findings of Daniekt al. (3), who
reported to have found live bacteria in 82.3% of BM&mples. The population studied by
Daniel et al (3) was older than the population studied in tesearch, but they reported to
have found more live bacteria in MEE samples ofdcbn than of adults with CLSM, which
supports our findings.

H. influenzaespecific biofilm structures were detected in 5 otiflO studied samples (50%)
with CLSM. This percentage matches the percentagamples in which biofilm structures
were detected by Daniedf al. (3). However, Danielet al. (3) detected biofilms of different
bacterial species, while in this study oilyinfluenzaespecific biofilms were studied, which

may have biased the results.
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Pitfalls

A. Study population

In this relatively small study of 34 patients, nigos inclusion and exclusion criteria were
used. When comparing the results with the litemtware must be taken to compare the
different populations studied as age and otheramd exclusion criteria can influence the

results.

B. Nasopharynx versus Adenoid samples

Based on the literature, nasopharynx swabs areidmyed to represent the adenoid
microflora. This is supported by the results oftsiudy. However, some differences between
culture results of nasopharynx and adenoid sampé¥e noted. A possible explanation for
these different culture results is the fact thadopharynx samples were collected using a
swab which was brought into the nasopharynx thrabhgmose, where the swab was possibly
contaminated with bacteria present in the nose,nbttin the nasopharynx or the adenoid.
Another explanation for these differences is th@ahe bacterial species are present in the
crypts of the adenoid, but are not present atuhiase of this tissue. Nasopharynx swabs may
thus represent the bacterial microflora presenthensurface of the adenoid tissue, but miss
the bacteria present in the crypts of the adenidics might have interfered with the results of

this study.

C. Culturetechniques

Samples of MEE and adenoid tissue were culturegd omlCHOC plates, which has led to a
narrow culture approach. This is in contrast witiheo studies, which used more and different
culture media. (See addendum lIl — table IV) Thasraw culture approach might have led to
the fact that specific bacterial species, whicheamtter adapted to growing on CHOC plates,
were selected or were able to overgrow other bacpesent in the samples. It is possible
that this plays a role in the observation thltinfluenzaewas the most frequently found
bacterial species in MEE samples, which is not etegd by other research groups. However,
it is known thatH. influenzaewill most likely not overgrow other bacteria. Thading of
high quantities oH. influenzaehus confirms the use of good culture conditigds.the other
hand, it is also possible that the presenceHofinfluenzaewas underestimated by other
research groups because of the fact they did mdtlumfluenzaeselective culture media (See
addendum IIl — Table 1V).
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Culturing bacteria on culture plates is a manuahnéue which often requires some finesse
and experience. When different bacterial speciepersent on a culture plate, they have to be
detected on sight and re-isolated by hand. Thisrfekes it possible that bacteria, present in
low numbers in the samples or not able to grow waellCHOC plates, formed few and/or
small colonies, which were then overlooked. Thiadke to the possibility that different

bacterial species, present in the samples, wereenognised and thus missed.

D. ldentification

To identify bacteria, MALDI-TOF/MS was used. Althglu the many benefits of this
technique (lower workload with respect to t-DNA ndification, fast identifications), it must
be stated that a few limitations were encountef@dt of all, the bacterial colonies had to be

of good quality, could not be too old or too detatdd and had to be pure for identifications.

Secondly, problems can occur with the matrix ugedolver the spots. This matrix evaporates
very quickly, which makes it possible that the casipon of this matrix was not always

good, which may have interacted with the reliapitif the identifications.

Another pitfall in the use of MALDI-TOF/MS is thadt that the identification of bacteria is
software dependent. If the used library is not opdate, this can lead to unreliable
identifications. In the course of using the MALDGF/MS machine, it also becomes

polluted, which may interact with the quality oktldentifications.

E. Genotyping

McRAPD was used in this study to genotype iderdifiacteria. This technique implies that
melting curves have to be analysed. This analgssmetimes subjective and requires some
experience. However, when results were vague dfidutli to interpret, the test was repeated

or gel electrophoresis was performed, which is nione consuming but easier to interpret.

F. Quantative PCR (qPCR)

Quantification of bacteria was performed by qPCR. ifterpret the results of gqPCR,
experience is important. Because of the fact tiRER| results are measured relatively to a
standard series, which was pre-produced by a labrgrataff member, problems with the
standard series may have influenced the qPCR sesult

Because of the fact that the sample volume wasnuall to perform both gPCR and FISH on

the same sample, gPCR was only performed on sarfiplespatients included in the pilot
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study. In this pilot study, a few MEE samples wesed to optimise the FISH protocol for the
final study. This is why gPCR on MEE samples wadgomed on only 7 patients, which
makes it difficult to extrapolate the findings frahme gPCR results to a larger population.

The comparison between culture and gPCR resulttolélde finding that 15.5% of all cases

(MEE, adenoid and nasopharynx) had culture positive gPCR negative results. This, in

combination with the relatively high number of gP@BRgative results, can be explained by
the possibility that blood, present in the MEE skapled to inhibition of the PCR reaction

and thus led to a false negative result.

G. FISH and CLSM

Different problems were encountered when tryingpéoform FISH and CLSM on the MEE
samples of our patients. First of all, the reseaxas delayed because of the use of bad
manufactured probes. This led to consecutive (falegative results. Another problem that
had to be dealt with was the specific viscous &tancy of the MEE samples, which made it
hard to bring the entire sample on a sample shukta fixate the specimen. The presence of
red blood cells in the MEE samples made it impdesib perform CLSM at first. Later, a
lysis buffer was used to lyse these cells, butardy red blood cells, but other cells in the
specimen too were affected, which also led to uedvkd results. Finally, another lysis buffer
was used (acetic acid), which made it possible @b rgliable FISH and CLSM results.

However, some samples still contained too muchdtode able to perform CLSM.

Little is known in literature about the best waypt@serve MEE samples, to keep the bacteria
in the samples alive and retain possible biofilmigures present in the samples at the same
time. Because of this fact, there was no certaabiyut how MEE and adenoid samples from
patients included in this study had to be stordweréby, the samples were first stored at -80
°C, but were later moved to a -20 °C storage rodmemnwfear arose that biofilm structures
would be harmed by the low temperatures. Some sffiie most recent ones) were stored
only at -20 °C. These differences in cryopreseovatiemperatures may have led to

differences in the presence of biofilm structuresneen samples.

Another pitfall that has to be mentioned is the that the interpretation of FISH and CLSM
results is often subjective and not very reprodeciDanie| et al state that biofilm is present
when three-dimensional bacterial clusters withiraarorphous matrix are present, associated

with a surface such as eukaryotic cells or stramtiEl-Stoodley et al say biofilms are
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present when pathogenic bacteria can be foundustests within a matrix attached to a
surface (3, 23). In practice, it is difficult toalde objectively whether bacteria form a cluster
and thus reside in a biofilm formation, or are jistated near each other by chance. The
difference between free bacteria, not comprisea biofilm formation, and biofilm bacteria in

a planktonic phase is difficult to determine.

Another fact that can impede the finding of biolam the MEE samples is that biofilms can
be present in only a part of the effusion. Only wiige entire MEE sample is analysed, it can
be stated with certainty that biofilms are presentot. Since a part of each MEE sample had
already been used for culturing, it is possiblé biafilms were present, but were not detected
with FISH or CLSM.

SinceH. influenzaewas the most frequently found bacterial specieghenMEE samples and
because of the complexity of the technique andhiyle price of species specific probes, only
H. influenzaespecific probes were used. However, pneumoniae, M. catarrhalasnd S.
aureusare known to form biofilms too. The fact that thepecies were not visualised, makes
it possible that some biofilm structures preserthemsamples were not detected.

Treatment options

OME is a disease with a high percentage of nat@sdlution. Therefore, in uncomplicated
cases of OME, watchful waiting is considered tathme standard care. No medical treatment
has a long term beneficial effect on the resolubb®ME. When effusions persist for more

than 3 months, surgical treatment can be considered

The ineffectiveness of antibiotics has been disstigs different studies (1). This finding is in
agreement with the possible role of biofilm in OM&ofilm bacteria are difficult to culture

and are recalcitrant to antibiotic treatment fatalent long-term persistence.

Surgical treatment consists of tympanostomy tulsertton and adenoidectomy. The role of
adenoidectomy can be supported by our study, becaufunctions as a reservoir for
otopathogenic bacteria. The insertion of the tynggéomy tubes is performed to clear the
MEE, which might contain biofilms. One of the mairoblems of this treatment is that, after
6-9months, the tubes will be expulsed, but 20-25%e children require new placement of

tubes within 2 years (41).
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Since 80% or more of the children experience atleae episode of OME, it is important to
find alternative treatments. Daniedt al. suggested novel antibacterial strategies such as
locally delivered high-dose antibiotics over a prajed period of time or new drug delivery
systems and antimicrobial impregnated devices, hwhappear promising. Other novel
techniques such as ultrasound low-strength elettrields, enzymatic degradation of
extracellular matrix, inhibition of quorum sensirdjsruption of biofilm-related genes, or a
combination of the above in a smart system thataietand treats biofilm infections, might be
of interest (3). Daniel and Chessman investigabeduse of antibiotic pellets in middle ear.
The pellets with medium or high dose of antibioteradicated the biofilm successfully in
vitro. It supports the idea that local treatmennigsch more effective than systemic antibiotics
(41).
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Conclusion

The results of this study support the hypothesas tine adenoid indeed acts as a reservoir for
otopathogenic bacteria and thereby facilitatesciida of the middle ear. Secondly, the
findings in this study indicate that biofilms, sgmally consisting ofH. influenzae are
present in the middle ear effusions of childrerhv@OME. This leads to the conclusion that
biofilms may play a crucial role in the pathogesesi otitis media with effusion, which is
important in the understanding of this disease #rel development of potential future
treatment options.

On the other hand, this study shows that findingopof biofilms in MEEin vivo is not
obvious and is associated with a large number ablpms and technical difficulties. Further
research to optimise this technique and find mao®fpof biofilms present in the MEE is

therefore needed.
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Addendum |

Table I: Culture results

Middle ear Adenoid Nasofarynx

Species

Abiotrophia defectiva 0 1 0
Acinetobacter baumannii 0 1 0
Actinomyces odontolyticus 0 4 0
Arcanobacterium 0 1 0
pseudopyogenes

Arthrobacter sp. 0 1 0
Bacillus circulans 0 0 1
Bacillus licheniformis 1 0 0
Bacillus pseudomycoides 1 0 1
Bacillus subtilis 0 1 0
Bordetella bronchiseptica 0 0 1
Corynebacterium argentoratensed 1 0
Corynebacterium propinquum | 0 1 1
Cornynebacterium 0 0 7

pseudodiphtheriticum

Eikenella corrodens

Enterococcus faecalis

Enterococcus gallinarum

Fusobacterium necrophorum

Gemella haemolysans

Granulicatella adiacens

Granulicatella elegans

Haemophilus influenzae

Inquilinus limosus

Lactobacillus paracasei

Lactobacillus species

Moraxella catarrhalis

Neisseria sp.

Neisseria meningitidis

Neisseria flavescens

Paenibacillus sp.

Parvimonas micra

Prevotella buccae

Propionibacterium acnes

Propionibacterium granulosum

Pseudomonas aeruginosa

O|O|O|O|O|FR|IO|0|I0|0|0FR|IO0|OI0|0|0|0|0|0

Pseudomonas pseudoalcaligeng®
Pseudomonas stutzeri 1
Rothia mucilaginosa 0
Salmonella sp. 0

O|WR R FPINRFPRFRPORRRIPORIRINRPAOINIRFRIFLIW

Rlolo|o| N O N O O|lo|lo|lojo|w||lo|lojo|o|F|—|o|lo|lo|lo
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Staphylococcus aureus

Staphylococcus capititis

Staphylococcus caprae

Staphylococcus epidermidis

Staphylococcus hominis

Staphylococcus rostri

Staphylococcus species

Staphylococcus succinus

Streptococcus anginosus

Streptococcus constellatus

Streptococcus cristatus

Streptococcus hyointestinalis

Streptococcus mitis

Streptococcus parasanguinis

Streptococcus pneumoniae

Streptococcus pyogenes

Streptococcus salivarius

Tetrathiobacter kashmirensis

Turicella otitidis

Veillonella parvula

ORI OO0 W O ORI OO OO IOIN|ARWIN W

RPIO|IRINFRIOINDNOIFIFR ®WOIOIRIOWIO|IR|IO

Veilonella species

o

[EEN

Ol OO INPFP OO O R RoOOO® OO

Legend: Each number relates to the number of isolates found in the samples from all patients for each

bacterial species. The most frequently found species were marked in bold.
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Table II: Number olbacteriel species culture per patien

Right ear Left ea Adenoic Nasopharyn

ORL 0¢

ORL 1C

ORL 11

ORL 1c

ORL 14

ORL 1t

ORL 1¢

ORL 17

ORL 1€

ORL 1€

ORL 2(

ORL 21

ORL 22

N N
vlNwrRlwNo|lo|lo|lw ooz

ORL 2t

ORL 24

ORL 2t

ORL 2¢

ORL 27

ORL 2¢

ORL 2¢

ORL 3C

w

ORL 31

ORL 32

N

ORL 3¢

ORL 34

ORL 3¢

ORL 3¢

ORL 37

ORL 3¢

ORL 3¢

ORL 4(

ORL 41

ORL 4z

Z zloz|zZ|Zz|lokr|ZlkrlwZzkloowoNNR Wk NR|R|OR[MRlOIN W W=
ND N w ook |o|loR|Zikr|Ziw|MN|o|lo|lo|N|R|O|R|kR|OO|ZN|R|R|RNZ(-
wlolu|N|wh|lo|w|o|o|o|k|o|kr|o|o|N|k |||k oo Mook |loN N oo oo

ORL 4:

Legend: N: No sample, Shaded: Samples not collected in final study.
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Table Ill: Bacterial load according to gPCR (bacteria/ml)

Sample H.influenzae | S. pneumoniae | M. catarrhalis | S. aureus
ORL09 MEE Re | N N N N
ORLO9 MEE Le | O 0 0 8.48E3
ORLO09 Adenoid | 2.38E4 0 0 0
ORL09 Naso N N N N
ORL10 MEE Re | O / 0 /
ORL10MEE Le | N N N N
ORL10 Adenoid |/ / / /
ORL10 Naso N N N N
ORL11 MEE Re | 4.12E4 0 0 1.11E4
ORL11 MEE Le | 2.15E5 0 0 0
ORL11 Adenoid | 8.24E6 2.18E4 0 0
ORL11Naso 1.30E5 5.85E5 2.07E7 3.85E2
ORL12 MEE Re | 8.69E2 0 0 1.50E4
ORL12 MEE Le | N N N N
ORL12 Adenoid |/ / / /
ORL12 Naso N N N N
ORL13 MEE Re |/ / / /
ORL13 MEE Le |/ / / /
ORL13 Adenoid | 8.47E4 3.19E4 0 0
ORL13 Naso N N N N
ORL14 MEE Re | 9.30E4 1.14E2 0 0
ORL14 MEE Le | 1.10E5 1.08E3 0 0
ORL14 Adenoid | 1.13E6 4.25E4 0 0
ORL14 Naso 6.75E4 2.96E6 2.14E6 1.11E2
ORL1I5 MEERe | O 0 0 0
ORL1I5MEE Le | O 0 0 0
ORL15 Adenoid | 1.23E4 7.88E5 0 0
ORL15 Naso 1.60E5 3.88E6 0 8.85E3
ORL16 MEE Re | 7.05E2 1.44E2 0 3.34E2
ORL16 MEE Le | 3.97E3 0 0 Postive (bad
quant.)

ORL16 Adenoid | 2.29E4 5.2E4 0 0
ORL16 Naso 2.93E6 1.08E7 0 3.84E4
ORL17 MEERe | O 0 0 6.65E3
ORL17 MEE Le | N N N N
ORL17 Adenoid | 1.23E4 0 0 0
ORL17 Naso 3.30E2 1.44E3 0 4.74E3
ORL18 MEE Re |/ / / /
ORL18 MEE Le |/ / / /
ORL18 Adenoid | 0 0 0 0
ORL19 MEE Re |/ / / /
ORL19MEF Le |/ / / /
ORL19 Adenoid | 1.23E4 0 0 0
ORL19 Naso / / / /

/

ORL20 MEE Re
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ORL20 MEE Le

ORL20 Adenoid

ORL20 Naso

ORL21 MEE Re

ORL21 MEE Le

ORL21 Adenoid

ORL21 Naso

ORL22 MEE Re

ORL22 MEE Le

ORL22 Adenoid

1.16E6

ORL22 Naso

/

Legend:N: No sample, /: No test performed, 0: Negative result.
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ORL37R (a) fl ORL37R (b)

ORL42L (a) | ORL42L (b)

Figure I: CLSM images of bacterial clustef@&B) No H. influenzaewas detected in this culture negative sample, lwhig
acted as a negative control. The green stainingesig that biofilm structures are present in thim@e, which do not contai
H. influenzae however the distinction with background noiséésd to make(C&D) No H. influenzaewas detected in this
culture positive sample. However, nonspecific baatelusters were detected.
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ORL24L B ORL37R

Figure Il: CLSM images of MEE sample§d) Background noise dominates this image. The distindietween bacteria
clusters and background noise is hard to make. Shhgge H. influenzaebacteria was detected (arrowls) Uncommon
shapes suggest artefacts in this part of the sample

Vil
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Table IV: Summary and characteristics of key articles fos gtudy.

1°2}

Key article Author Publication Number of| Culture techniques Population age
year patients
included

Role of Dhoogeet | 1999 35 GC-chocolate agar, | 6 months — 4
nasopharyngeal | al. Tryptic Soy agar + 5% years old
bacterial flora in sheep blood, selective
the evaluation of agar forM. catarrhalis
recurrent middle (aerobic and
ear infections in anaerobic)
children
Otitis media De Baeregt | 2009 14 Tryptic soy agar + 5% 5 years — 55
microbes: culture| al. sheep blood, years old
PCR, and Gonococcal Culture Il
confocal laser agar (aerobic and
scanning anaerobic)
microscopy
Bacterial Daniel,et 2012 42 Sheep blood agar, | 1year— 75 year
involvement in al. MacConkey agar, old
otitis media with chocolatised blood
effusion agar forH. influenzag

H. pylori and

Mycoplasma selective

agars (aerobic) and

sheep blood agar

(anaeraobic).
Direct detection | Hall- 2006 26 Blood agar, Chocolate6 months — 15
of bacterial Stoodley et agar, MacConkey agar years old
biofilms on the al. and colistin nalidixic
middle-ear acidblood agar (only
mucosa of aerobic)
children with
COME
Multi-species Thornton,et | 2011 20 Blood agar, cysteine | 0 — 10 years old
bacterial biofilm | al. lactose elektroylyte
and intracellular deficient agar, Filde’'s
infection in otitis agar, colistin nalidixic
media acid blood agar

(aerobic) and blood

agar and colistin

nalidixic acid blood

agar (anaerobic)
The biofilm De Paepe, | 2014 34 CHOC 1 -6 yearsold
paradigm as the | Lambert

elucidation of
otitis media with
effusion

Vil
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Side project: Helicobacter pylori

During this study, we stumbled upon conspicuousrdiire suggesting a possible role of
Helicobacter pylori in the pathogenesis of OME. &dcstudies showed the presenceHof
pylori in MEE of patients with OME suggesting that it wbplay a role in the etiology of
OME (1, 2, 3).H. pylori is a gram negative bacterial species that colgniie stomach of
half of the world’s population. This species isasated with an increased risk of noncardia
gastric adenocarcinoma, gastric lymphoma and peptier. On the other hand, chronic

colonization of the stomach with. pylori reduces the risk of reflux (4, 5).

In this side project, the presence dfi. pylori in OME was investigated.
Fifty-seven MEE samples, 34 adenoid and 11 nasgpkaamples were cultured. PCR was
performed on a part of these samples (28 MEE sand@ adenoid samples and 4

nasopharynx samples).

H. pylori was cultured in 0/57 MEE samples, 0/34 adenoidpsesrand in 0/11 nasopharynx
samples. Subsequently PCR was performed, of wihiehptoducts were analysed with gel
electrophoresis. The results of the gel electrogdiserof MEE and nasopharynx are shown in
Figure I. All results were negative, with row 1 aAdeing the positive control and row 35
and 36 the negative control. The results of theetgdtrophoresis of 12 adenoid samples are

shown in Figure Il. These tests were negative dswith row 15 being the positive control.

The findings in this study differ to a great extehtvhat other publications suggest. Yilmaz et
al. (2005) (2) reported that in a group of 22 amfdwith OME, 16/34 (47%) MEE samples
were positive foH. pylori. Melake et al (3) showed evidence of the presefi¢e pylori in
56% of MEE samples of 60 children with OME.

A possible explanation for these findings is thet thatH. pylori is more frequently found in
Eastern than in Western populations. Another exgtian is the hypothesis that. pylori
reduces the risk of reflux by diminishing the gasacidity (4, 5).

We can conclude that our findings do not suppathipothesis thatl. pylori is involved in

the pathogenesis of OME, as stated in literature.
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Figure |: Visualisation of PCR products of MEF and nasophargfier gel electrophoresis on 1% agarose
gel with 1 and 2 as positive control.
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Figure II: Visualisation of PCR products of adenoid samplér @fel electrophoresis on 1% agarose
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gel with 15 as positive control.
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