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Lung colonization across lifespan

Muhlebach et al., 2019



The cystic fibrosis airway microbiome: The
“omics”  approach
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hashi et al., 2010; Washio et al., 2010]. Using the CE-MS 
system, as little as 10 mg of supragingival plaque is need-
ed to detect and quantify each of the metabolic interme-
diates of the central carbon metabolism. All the targeted 
metabolic intermediates in the EMP pathway, the pen-
tose-phosphate pathway and the TCA cycle were identi-
fied and quantified from supragingival plaque, and the 
metabolome profile of supragingival plaque before and 
after glucose rinse in vivo were obtained [Takahashi et 
al., 2010]. In addition, it was revealed that the profiles of 
the metabolite change in supragingival plaque in the 

EMP pathway, the pentose-phosphate pathway and the 
TCA cycle were similar to the profile obtained from a 
single bacterial strain of  S. sanguinis ,  S. mutans ,  A. oris  
and  A. naeslundii  [Takahashi et al., 2010]. These results 
led us to support the novel idea that a microbial commu-
nity consists of a tremendous number of diverse bacteria, 
but functions as one organism, a ‘superorganism’ [Bu-
chen, 2010].

  Metabolome analyses may also contribute to explain-
ing the fundamental question in caries: What is a ‘healthy’ 
plaque? It is known that dental plaque has ‘homeostasis’ 
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  Fig. 2.  Schematic representation of different ‘omics’ approaches to 
study oral microbial communities. DNA can be extracted from an 
oral sample to determine taxonomic composition by different 16S 
rDNA approaches or to study the functions coded by the total 
gene content of the community (i.e. the metagenome). If RNA is 
extracted and sequenced, the obtained sequences (i.e. the meta-
transcriptome) will represent the global pattern of expressed 
genes in the active portion of the bacterial populations. The total 
protein and metabolic output of the community will be obtained 

by analyzing the metaproteome and metabolome by different 
mass spectrometry techniques. If the metagenomic approach
provides information about the total genetic repertoire of the 
 microbes, the metatranscriptomic, metaproteomic and metabo-
lomic approaches give insights about the active organisms and 
functions at the moment of sampling. The 16S rDNA-based meth-
odologies are cheaper than ‘omics’ approaches but do not provide 
information about the functional capacity and output of the oral 
community. Adapted from Zoetendal et al. [2008]. 
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Human Microbiome Project Consortium. 2012

The cystic fibrosis airway microbiome: The
“omics”  approach

Zemanick and Hoffman, 2016



• 100 trillion bacterial cells
• 10 trillion human cells

Colonization of human body

Bacterial distribution by body site. 

The NIH HMP Working Group et al. 

Genome Res. 2009



Dental caries
✓ 2.5 billion people 

affected
✓ 14.6% increase in 

dental caries over 
ten years

Oral Diseases
3.5 billion people

WHO Global Oral 
Health Status Report 

(2022) 

Periodontitis
✓ Severe 

periodontal 
disease: 19% of 
the global adult 
population (>1 
billion cases)



The oral cavity is a unique ecosystem

 723 species assigned in the biofilm from occlusal surfaces.

PMID: 28678838
PMID: 34188775



Little is known about oral microbiome, oral health 
and lung disease severity in Cystic Fibrosis

Fodor et al; 2012
Muhlebach et al, 2018



Understanding Oral 
Diseases in Cystic 
Fibrosis to Develop 
Tailored Preventive 
Dental 
Interventions NIH/NIDCR

U01DE030418-01 
(Chi and Rosenfeld, MPIs)



People with CF have better oral health than the 
general population < age 10 but it gets worse in 
adulthood

Participants distribution by age
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Pulmonary function decreases with age

Level Mean Std Error Lower 
95%

Upper 
95%

12-17 yo 103.495 4.3254 94.798 112.19
18-21 yo 83.153 4.9946 73.111 93.20
22-30 yo 88.394 4.8360 78.670 98.12 Roca et al, unpublished

Forced Expiratory Volume 1 X Age 

Forced Expiratory Volume 1/
Forced Vital Capacity 

Wolfgang Lab, unpublished



Pulmonary function is associated with salivary 
microbiome dysbiosis
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Pulmonary function is associated with salivary 
microbiome diversity
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Dental caries increases abundance of 
pathogenic bacterial species.

PCoA Bray Curtis by Any decay
in subjects using CFTR modulators

PERMANOVA p=0.03*
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Outside the oral cavity: Linking the oral microbiome 
to respiratory health outcomes in Cystic Fibrosis 

✓Cf respiratory microbiology has evolved as new technologies have been developed, new 
treatments have been introduced, and as people have lived longer with this disease.

✓People with CF have better oral health than the general population < age 10 but it gets 
worse in adulthood. 

✓Pulmonary function is associated with salivary microbiome diversity.
✓Dental caries increases the abundance of pathogenic bacterial species in the oral cavity 

and influences  the salivary microbiome diversity in patients with cystic fibrosis under 
modulator therapy.



Future 
perspectives

Precision health 
1. Predictive 
2. Preventive
3. Personalized 

A comprehensive 
understanding of the full 
spectrum of factors underlying 
oral health and cystic fibrosis 
disease at the individual level.
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Thanks!
Any questions?

You can find me at:
apoena@email.unc.edu

First Dental Building, 3070




