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NESSUN POTENZIALE CONFLITTO D’INTERESSI DA DICHIARARE
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• ("nose" or "paranasal sinus" or 
"paranasal sinuses" or "sinus") 
AND("microbiology" or "bacteria") 
AND ("cystic fibrosis" or "cf")

• 189 risultati (120 negli ultimi 10 anni)

• 16 clinical trial

• 31 review
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Anatomy
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M. P. Carroll Jr. et al. Asthma, Allergic and Immunologic Diseases 
During Pregnancy. 2018 Dec 30 : 61–86. 

Hanshew, A. S., Jetté, M. E., Rosen, S. P., & Thibeault, S. L. (2017). 
Integrating the microbiota of the respiratory tract with the unified  airway model. 
Respiratory medicine, 126, 68–74. https://doi.org/10.1016/j.rmed.2017.03.019
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• cellule cilindriche ciliate
• caliciformi muco secernenti 

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=28427552
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=28427552
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=28427552
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=28427552


Complication of CF – 2019 US data registry

• Prevalence of sinus disease 
increases in adolescence and in 
young adults

• Remains high through the older 
ages
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Normal Flora

NORMAL NASAL FLORA

• Staphylococcus aureus

• Staphylococcus 
epidermidis

• α- and γ-streptococci

• Propionibacterium acnes

• Aerobic diphtheroid
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NORMAL SINUS FLORA

Anaerobic bacteria: 

• Prevotella, Porphyromonas, 
Fusobacterium,  
Peptostreptococcus spp. 

Aerobic bacteria: 

• S. pyogenes, S. aureus, S. 
pneumoniae, H. influenzae. 6



• 43 studies 1718 CF patients

• Sampling methods:
• sinus surgery with the use of endoscopy 

(54%)

• lavage and/or washouts (15%)

• swabs (30%)

• endoscopy or other procedures (26%)

• aspirate samples (22%),

• biopsy specimens and/or smears

• (11%)

• pus and/or secretions (7%)

• crusts (4%)

• nose blowing 2%

• Sampling sites:
• maxillary sinus (30%)

• middle meatus (24%)

• paranasal sinus unspecified (including the 
sinus ostia) (20%)

• nose specified (anterior nares, posterior 
nares,

• nostrils, inferior turbinate, and meatus) 
(20%)

• nose unspecified (17%)

• ethmoid sinuses (20%)

• frontal sinuses (9%)

• sphenoid sinuses (11%)

• external nares (2%)

Napoli, 22/10/2021
Møller et al.,  Am J Rhinol Allergy 31, 293-298, 2017
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55%

Møller et al.,  Am J Rhinol Allergy 31, 293-298, 2017

Sinus flora in CF - Review

62%
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Staphylococcus aureus

• S. aureus and H. influenzae are the most 
common in upper airways in pediatric patients 
(Taylor, 1990; Robertson, 2008)

• S. aureus is higher in who had not received 
antibiotics (Goerke, 2000)

• S. aureus is transformed in SCV after 
gentamycin exposure ( Gitomer, 2015)
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Pseudomonas aeruginosa
• P. aeruginosa was found more frequently increasing age (Muhlebach, 2006; Robertson , 2008)

• P. aeruginosa is transformed in SCV and antibiotic resistant clones (Hansen, 2012)

• Sinus represent a protected niches of adapted P. aerugionsa clones (Hansen, 2012; Low, 2001)

Napoli, 22/10/2021 10



Trasformazione di un patogeno originariamente ambientale in un 
patogeno altamente specializzato per le vie aeree del paziente e 
possibile re-infezione della vie aeree inferioriFC
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Pseudomonas aeruginosa



Dati preliminari sulla colonizzazione dei 
seni paranasali

• I ceppi di P. aeruginosa dalle alte e dalle
basse vie respiratorie hanno lo stesso
genotipo in 19 (90,5%) su 21 pazienti

• I seni paranasali possono essere un serbatoio
per la re-infezione soprattutto pazienti non
cronicamente infettati

LEEDS 
DEFINITION

NEVER 
INFECTED

PA-FREE INTERMITTENTLY 
INFECTED

CHRONICALLY 
INFECTED

TRANSPALNTED 

65 patients 3 (4%) 18 (28%) 24 (37%) 9 (14%) 11 (17%)

21 positive
nasal

lavage

0 1 (5.5%) 4 (16.6%) 9 (100%) 7 (63.6%) 

ECFC 2015

90,5% stesso genotipo
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Preliminary Data – Poster 13
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108 patients - Not chronic 12 patients - Transplanted

Project funded by the Tuscany Region – Grant K35, K37



Microbiome
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Microbioma bronchiale mostra una maggiore diversità rispetto
alla flora microbica nell'orofaringe e nel principalmente a
causa di una sovrarappresentazione di batteri anaerobi nelle
secrezioni bronchiali.
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Garcia-Nuñez M, Garcia-Gonzalez M, Pomares X et al / Frontiers in Microbiology, 2020, Vol. 11, 1463
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Microbiome

Our first important result is that the microbiome composition 
in the nose differed considerably
from corresponding throat and sputum samples
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Microbiome - Chotirmall

Mac Aogáin et al, Nature Medicine | VOL 688 27 | April 2021 | 688–699
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Virus

Rhinovirus
• Prevalence is the same in upper respiratory tract samples as in 

sputum
• RV viral load is also important: the higher the load in CF 

nasopharyngeal samples, the higher the viremia, and the more 
severe the clinical impact, especially in the lower respiratory 
tract

Influenza virus
• IV prevalence reaches 13.8% in CF adults’ sputum
• It is significantly associated with exacerbation, during which it 

seems to infect mainly the upper respiratory tract
Respiratory syncytial virus
• RSV is associated with impaired pulmonary function, increased 

morbidity
• RSV infection has been linked to earlier P. aeruginosa 

colonization in infants with CF

L. BIllard, R Le Berre, L Pilorge et al. / Critical Reviews in Microbiology (2017), Volume 43, 2017 - Issue 6



Virus
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83% concordance

17% disconcordance

E. Cardot-Martin, H.L. Guillou-Guillemette and R.L. Berre et al. / Journal of Cystic Fibrosis 20 (2021) 432–435 



Lung Transplant

• Persistence of identical P. aeruginosa
genotype after LTX  (Mainz, 2012)

• Same genotype and phenotype from 
sinuses after LTX (Ciofu, 2013) 
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(Choi, 2017) 

SINUS CULTURES
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Post transplant sinus surgery in lung transplant

• 94 CF patients for lung transplantation (LTx). 

• After LTx, patients are treated with at least 
two antibiotics active against P. aeruginosa for 
a minimal duration of 2 weeks.

• 82 (87%) sinus surgery is performed after 
clinical recovery from lung transplantation.
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Vital et al, Eur Arch Otorhinolaryngol (2013) 270:135–139

A protocol involving surgery and daily irrigations decreased the 
rate of lower airway infection in lung transplant patients with 
CF. 
Holzmann D, Speich R, Kaufmann T, et al. Effects of sinus surgery in patients with cystic fibrosis 
after lung transplantation: a 10-year experience. Transplantation. 2004;77:134–136.
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• 94 CF patients were transplante

• 82 (87%) underwent sinus surgery after transplantation

• 66 (65%) patients with pre-transplant PA had persistent PA 
after transplantation.

• Upper and lower PA is related. 

• Patients without PA after transplantation had a significantly 
better survival rate, and BOS was less frequent with a later 
onset. 
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Post transplant sinus surgery in lung transplant

Vital et al, Respiration 2013;86:25–31

• Sinus surgery and daily nasal douching reduced PA 
in LTx recipients. Absence of post-transplant PA had 
a positive impact on post-transplant survival and 
the development of BOS
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CFTR modulators and sinusitis
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The first study noted improved patient-reported outcomes using the 
validated 20-item Sino-Nasal Outcome Test (SNOT-20) questionnaire, with 
significant improvement with respect to rhinological symptoms (e.g., 
rhinorrhea, postnasal drip, and thick nasal discharge) and psychological
symptoms (e.g., fatigue, reduced concentration, and sadness

A smaller prospective observational study assessed the appearance of 
sinus disease on computed tomography before and after IVA initiation. 
Improvement was noted in all but one patient, whereas 4/12 patients 
moved from a “severe” to a “mild” category

Several case reports have noted more dramatic improvements, including complete reversal of 
chronic rhinosinusitis and a complete resolution of symptoms. 

Chang EH, Tang XX, Shah VS, Launspach JL, Ernst SE, Hilkin B, et al. Medical reversal of chronic sinusitis in a cystic fibrosis patient with ivacaftor. Int Forum Allergy Rhinol
2015;5:178–181.
Vreede CL, Berkhout MC, Sprij AJ, Fokkens WJ, Heijerman HGM. Ivacaftor and sinonasal pathology in a cystic fibrosis patient with genotype deltaF508/S1215N. J Cyst
Fibros 2015;14:412–413. 
Hayes D Jr, McCoy KS, Sheikh SI. Improvement of sinus disease in cystic fibrosis with ivacaftor therapy. Am J Respir Crit Care Med 2014;190:468. 
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Conclusion: what we know
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• S. aureus, P. aeruginosa, coagulase negative staphylococci, and H. 
influenzae dominated in the upper airways of patients with CF.

Bacteria Upper 
airways

• S. aureus and H. influenzae most common in pediatric patients.

• P. aeruginosa more frequently in adult patients.

Age of
colonization

• S. aureus and P. aeruginosa: SCV and antibiotic resistant clones.
Bacteria

evolution

Persistence of identical P. aeruginosa and other bacteria genotype 
after LTX
Sinus surgery and daily nasal douching reduced bacteria in LTX 
patients

Lung transplant
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Conclusion: what we still need to know
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• The sinus microbiological analysis isn’t in the standard of careStandard of care

• Very difficult site to study

• Very heterogeneous methods and a better standardization of 
procedures and outcomes is needed

Microbiological
analysis

• The microbiome composition in the nose differed considerably from 
corresponding throat and sputum samplesMicrobiome

No data about CFTR modulators and sinus bacteriologyCFTR modulator

Few data about viruses in the upper airways

Viruses
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Thanks for your 
attention
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Human airway microbial colonization is likely to display a similar dependence on the
distance from the mainland (largely the oral cavity, shown in yellow, which is the
richest and most diverse source of microbes with proximity to the lung).
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The respiratory tract 
measures 
approximately 50–75 
m2 and is an open 
door to our 
environment.
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FIGURE 2 Two-dimensional non-metric multidimensional scaling (nMDS) plot of the microbial
Community composition in the nasopharyngeal (NP), oropharyngeal (OP) and bronchoalveolar
lavage (BAL) samples.

FIGURE 1 Boxplot of α-diversity analyses for nasopharyngeal (NP, yellow), oropharyngeal (OP, green) and
bronchoalveolar lavage (BAL, blue) samples over time. a) Chao 1 diversity index, b) number of observed
species, c) Shannon diversity index. Eight infants with cystic fibrosis were sampled twice, i.e. when 3–
8 months of age (E) and when ⩾9 months (L). Statistical significance in relative abundance between early and
later obtained samples was assessed by paired t-tests (p values depicted) and between the niches by
repeated ANOVA with Bonferroni post hoc tests (data in main text). NS: not significant.
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50 patients - Not chronic
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Figure 1. Phylum- and species-level diversity.

Ramakrishnan VR, Feazel LM, Gitomer SA, Ir D, Robertson CE, et al. (2013) The Microbiome of the Middle Meatus in Healthy Adults. PLOS ONE 
8(12): e85507. https://doi.org/10.1371/journal.pone.0085507
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0085507

The Microbiome of the Middle Meatus in Healthy Adults
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https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0085507

