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* Treatme 2 aimed at the assumption
that this is the primary form

Angelia Smith, MD, Farrel Joel Buchinsky, MD, and J. Christopher Post, MD, PhD, MSS,

“Eradicating Chronic Ear, Nose, and Throat Infections: A Systematically Conducted Literature Review of Advances in Biofilm
Treatment” Otolaryngology —- Head and Neck Surgery 2011 144: 338

http://www.genengnews.com/insight-and-intelligenceand153/literature-review-bacteria-reprogram-host-cells-in-order-to-
survive-and-spread/77899799/
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BIOFILMS ARE A LITTLE MORE COMPLEX

The organization of a mature biofilm

Image used with permission from the Center for Genomic Sciences, Allegheny General Hospital, Pittsburgh PA




Hall-Stoodley et al. (2004) Nature Rev Microbiol 2: 95.




Biofilms are everywhere...

/ http://www.ladybugsteamvapor.com/wp-content/uploads/2011/03/s03-300x223.jpg
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/ http://meadfamilydental.com/2011/11/plaque-vs-biofilm-and-the-research-that-could-change-dentistry-as-we-know-it/




http://entkent.com/biofilms.html
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Image used with permission from the Center for Genomic Sciences,

Allegheny General Hospital, Pittsburgh PA ~\
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Microbial BiOfilmS.' . P http://www.erc.montana.edu/MultiC
Sticking Together for Success . + '

Single-celled microbes readily form communities . ¢ { .
in resilient structures that provide advantages A :
of multicellular organization.
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Changing their spots .

Active bacteria will attach to virtually
any surface. Within minutes, changes in
gene expression transform "swimmers”
to stlckers .

Burldmg h%uses bf Slime 3 2
. 'Attachéd bacteria mUltipty 2 n
“* eéncase their. ‘Eﬂdﬂ\'es with a'

© slimy matrixss




SUBSTRATE

" OXYGEN ‘H
AblC SRS
)

SURFACE

© 1998 CENTER FOR BIOFILM ENGINEERING MSU-BOZEMAN
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Mechanisms of Biofilm Tolerance
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Jason D. Chambless, Stephen M. Hunt and Philip S. Stewart A Three-Dimensional Computer Model of Four
Hypothetical Mechanisms Protecting Biofilms from Antimicrobials Appl. Environ. Microbiol. March 2006 vol. 72
no. 3 2005-2013




Bacterial biofilm is a major barrier to wound healing

Bacteria protected
from topical agents

Low oxygen
in biofilm
iches
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Clark F. Schierle MD, PhD, Mauricio De la Garza MD, Thomas A. Mustoe MD, Robert D. Galiano MD
Staphylococcal biofilms impair wound healing by delaying reepithelialization in a murine cutaneous
wound model Wound Repair and Regeneration Volume 17, Issue 3, pages 354-359, May/June 2009
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| just can't go with the flow anymore.
I've been thinking about joining a biofilm.

This Slime Smile created by Jamie Pennington




8 eraldehyde

O
Russell, S. D.; Daghlian, C. P. (1985). "Scanning electron microscopic observations on deembedded biological tissue
/ sections: Comparison of different fixatives and embedding materials". Journal of Electron Microscopy Technique 2 (5):
489-495.
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/) Image used with permission from the Center for Genomic Sciences, Allegheny General Hospital, Pittsburgh PA



Image used with permission from the Center for Genomic Sciences, Allegheny General Hospital, Pittsburgh PA




Image used with permission from the Center for Genomic Sciences, Allegheny General Hospital, Pittsburgh PA T
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Image used with permission from the Center for Genomic Sciences, Allegheny General Hospital, Pittsburgh PA




TJ, Davidson MW (2007). "Introduction to Confocal Microscopy". Olympus Fluoview Resource Center. National High Magnetic
Field Laboratory. Retrieved 2007-07-25










To th L, Csomor P, Sziklai I, Karosi T Biofilm detection in chronic rhinosinusitis by combined application of
hematoxylin-eosin and gram staining. Eur Arch Otorhinolaryngol (2011) 268:1455-1462

Huihua You, BA, et al, “Factors affecting bacterial biofilm expression in chronic rhinosinusitis and the influences on
prognosis” American Journal of Otolaryngology -Head and Neck Medicine and Surgery 32 (2011) 583-590
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Fig. 1 Histopathological representation of a nasal polyp. a At low ¢ Biofilm structures cannot be detected on the surface of nasal
magnification, regular columnar epithelium and foamy cells can be epithelium (black arrow). Basal lamina is a well-identified structure
detected (black arrow). Basal lamina is indicated by green arrow. The (green arrow). d Gram staining is negative for bacterial or fungal
green star shows the subepithelial layer. b The subepithelial layer is elements; the polysaccharide matrix is absent (black arrow)
infiltrated by plasmocytes and small lymphocytes (green arrows).

To th L, Csomor P, Sziklai I, Karosi T Biofilm detection in chronic rhinosinusitis by combined application
of hematoxylin-eosin and gram staining. Eur Arch Otorhinolaryngol (2011) 268:1455-1462




Fig. 2 Histopathological examination of a CRS/NP specimen. a The absolutely disintegrated and covered by a complete biofilm showing a
nasal epithelium is destructed and massively infiltrated by inflamma- homogeneous basophilic staining (black arrow). d Gram staining
tory cells. The stwomal layer shows a gland-like structure. b The reveals a combined biofilm consisting of individual colonies of Gram-
subepithelial layer is infiltrated by cosinophils (green arrow) and negative fungi and Gram-positive cocci (small inserts)
polymorphonuclear cells (white arrow). ¢ The epithelial layer is

To th L, Csomor P, Sziklai |, Karosi T Biofilm detection in chronic rhinosinusitis by combined application of
hematoxylin-eosin and gram staining. Eur Arch Otorhinolaryngol (2011) 268:1455-1462




Nasal polyps—CRS specimens (HE, n = 50)

Biofilm present (n = 44) Biofilm absent (n = 6)

Epithel Fragmented—destroyed (n = 33) Ciliated columnar epithelium-—regular

Squamous cell metaplasia (n = 8) respiratory mucosa with foamy

i . cells (n = 6)
LPC infiltration (n = 3)

Stroma Eosinophil dominancy (n = 3) Eosinophil dominancy (n = 4)
Neutrophil (PMN) dominancy (n = 36) Neutrophil (PMN) dominancy (n = 1)

Mononuclear and plasmocy tic Mononuclear and plasmocytic infiltration
infiltration (n = 3) (n=1)

To th L, Csomor P, Sziklai I, Karosi T Biofilm detection in chronic rhinosinusitis by combined application of
hematoxylin-eosin and gram staining. Eur Arch Otorhinolaryngol (2011) 268:1455-1462
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Huihua You, BA, et al, “Factors affecting bacterial biofilm expression in chronic
rhinosinusitis and the influences on prognosis” American Journal of
Otolaryngology-Head and Neck Medicine and Surgery 32 (2011) 583-590



Huihua You, BA, et al, “Factors affecting bacterial biofilm

expression in chronic rhinosinusitis and the influences on
ognosis” American Journal of Otolaryngology-Head and Neck
edicine and Surgery 32 (2011) 583-590
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,‘, findings:

s or ethmoid region,
* DO /Ol

* radiograph 'magine ation of the paranasal sinuses

* Recurrent acute rhinosinusitis Four (4) or more episodes per year of
ABRS without signs or symptoms of rhinosinusitis between episodes
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* |t found no strong correlation with endoscopic or CT findings
O
Han Li, et al “Relationship between bacterial biofilm and clinical features of patients with chronic
/ rhinosinusitis” Eur Arch Otorhinolaryngol (2012) 269:155-163
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om a subgroup

Dong Dong, MM, Zhao Yulin, MD et al “Correlation Between Bacterial Biofilms and Osteitis in Patients With Chronic
Rhinosinusitis” Laryngoscope, 00:000-000, 2013




* (D) GOSS score 3, a
patient with previous ESS, <
walls involved and thlckness>5 mm.

Dong Dong, MM, Zhao Yulin, MD et al “Correlation Between Bacterial Biofilms and Osteitis in Patients With Chronic Rhinosinusitis”
Laryngoscope, 00:000-000, 2013
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* This response may induc al apoptosis and metaplasia

Tama’s Karosi, Pe’ter Csomor, Zolta'n Hegyi, Istva'n Sziklai “The presence of CD209 expressing dendritic cells correlates with
biofilm positivity in chronic rhinosinusitis with nasal polyposis” Eur Arch Otorhinolaryngol (2013) 270:2455-2463
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Numbers o

Biofim positive Bioflm negative Controls
n=13 n=7 n=10

Tama’s Karosi, Pe’ter Csomor, Zolta’'n Hegyi, Istva’n Sziklai “The presence of CD209 expressing dendritic cells correlates
with biofilm positivity in chronic rhinosinusitis with nasal polyposis” Eur Arch Otorhinolaryngol (2013) 270:2455-2463




p<0.001

TNFR-II

l TNFR-I

120 [—
p«0.001
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Numbers of TNFR-l and TNFR-II positive epithelial cells*

|

Biofilm positive Biofilm negative Controls

Tama’s Karosi, Pe’ter Csomor, Zolta’'n Hegyi, Istva’n Sziklai “Tumor Necrosis Factor-a Receptor Expression Correlates With

Mucosal Changes and Biofilm Presence in Chronic Rhinosinusitis With Nasal Polyposis” Laryngoscope, 122:504-510, 2012



|ls in patients

Arjomandi H, Gilde J, Zhu S, Delaney S, Hochstim C, Mazhar K, Wrobel B, Markarian A, Masood R, Rice D, “Relationship
of eosinophils and plasma cells to biofilm in chronic rhinosinusitis.” Am J Rhinol Allergy. 2013 Jul-Aug;27(4):e85-90.






Angelia Smith, MD, Farrel Joel Buchinsky, MD, and J. Christopher Post, MD, PhD, MSS, “Eradicating Chronic Ear, Nose,
and Throat Infections: A Systematically Conducted Literature Review of Advances in Biofilm Treatment” Otolaryngology
-- Head and Neck Surgery 2011 144: 338




e Steroids have bee nrequlate release of TNF-a

Pe‘ter Csomor, Istva’'n Sziklai, Tama’'s Karosi “Effects of intranasal steroid treatment on the presence of biofilms in
non-allergic patients with chronic rhinosinusitis with nasal polyposis” Eur Arch Otorhinolaryngol, 25 Aug 2013
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* ESS CRS, which may select
for higher proportion _ oresence

Daniel A. Larson and Joseph K. Han “Microbiology of sinusitis: does allergy or endoscopic sinus surgery affect the
microbiologic flora?” Current Opinion in Otolaryngology & Head and Neck Surgery 2011, 19:199-203
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oOWeV tion and possible
ciliotoxicity m

Rosen PL, Palmer JN, O'Malley BW Jr, Cohen NA. “Surfactants in the management of rhinopathologies.” Am J Rhinol
Allergy. 2013 May-Jun;27(3):177-80.
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Paramasivan S, Drilling AJ, Jardeleza C, Jervis-Bardy J, Vreugde S, Wormald PJ. “Methylglyoxal-augmented manuka honey as a
topical anti-Staphylococcus aureus biofilm agent: safety and efficacy in an in vivo model.” Int Forum Allergy Rhinol. 2014

Angelia Smith, MD, Farrel Joel Buchinsky, MD, and J. Christopher Post, MD, PhD, MSS, “Eradicating Chronic Ear, Nose, and

Throat Infections: A Systematically Conducted Literature Review of Advances in Biofilm Treatment” Otolaryngology —- Head
and Neck Surgery 2011 144: 338
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)| aPDT without harm to
respiratc

O Biel MA, Pedigo L, Gibbs A, Loebel N. “Photodynamic therapy of antibiotic-resistant biofilms in a maxillary sinus
model”. Int Forum Allergy Rhinol, 2013; 3:468-473.
Biel MA, et al “The Effect of Antimicrobial Photodynamic Therapy on Human Ciliated Respiratory Mucosa”
Laryngoscope, 122:2628-2631, 2012
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s to improve

Tamas Karosi, MD, PhD; Istvan Sziklai, MD, DSc; Peter Csomor, MSc, “Low-Frequency Ultrasound for Biofilm Disruption in
Chronic Rhinosinusitis With Nasal Polyposis: In Vitro Pilot Study” Laryngoscope, 123:17-23, 2013

D YOUNG, R MORTON, J BARTLEY, “Therapeutic ultrasound as treatment for chronic rhinosinusitis: preliminary
observations” The Journal of Laryngology & Otology (2010), 124, 495-499
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