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Since the first reports of bacterial lung infections in patients with cystic fibrosis (CF) almost 80 years ago,
concerted efforts have been made to identify the microbes responsible and to determine their contribution
to lung disease. However, while CF respiratory microbiology has helped to shape clinical practice, our
understanding of the relationships between microbial colonisation of the lung, inflammation and disease
remains relatively poor.

The development of culture-independent analytical techniques, such as 16S ribosomal RNA (rRNA) gene
amplicon sequencing, has provided a means to characterise CF airway microbiology more
comprehensively. The widespread application of such approaches has revealed that the small group of CF
airway-associated microbes is in fact part of a larger and more complex CF lung microbiota [1–3]. In
particular, microbes that are able to exploit lower oxygen tensions, including members of the Prevotella,
Veillonella, Streptococcus and Gemella genera, have been reported consistently in CF lower airway samples
[1, 4–8]. While analysis of diseased lung tissue obtained directly through surgery [9], and the comparative
analysis of upper and lower airway samples [10], suggest lung colonisation by these taxa, there is an
ongoing debate around their clinical significance. Little evidence yet exists that this wider lung microbiota
contributes directly to inflammation, although intriguingly, studies in animal models have demonstrated
that some oropharyngeal anaerobes can significantly increase the expression of Pseudomonas aeruginosa
pathogenicity traits when present as co-infections [11, 12].

To date, efforts to understand the relationships between the composition of the CF lung microbiota and
clinical and immunological measures have mostly taken the form of single-centre, cross-sectional studies.
Despite being based typically on small and heterogeneous patient populations, these studies have reported
remarkably consistent findings. One notable observation has been that the composition of the CF lung
microbiota changes with increasing age, exposure to antimicrobials and disease severity [2, 13]. This
evolving composition represents a transition from a diverse, but relatively low abundance, microbial
community in infants, where taxa such as Streptococcus, Prevotella and Veillonella are particularly
prevalent, to an increasingly low diversity, high bacterial load community in older individuals, often
dominated by P. aeruginosa [14]. Indeed, by end-stage disease, the predominance of pathogens, such as
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P. aeruginosa, can become almost complete [15]. However, whether these microbiological changes
influence disease progression, or are simply the result of a changing lung environment and an increasing
exposure to antibiotics, remains unclear.

The study by ZEMANICK et al. [16] in this issue of the European Respiratory Journal (ERJ) is a further
attempt to relate CF lung microbiota composition to patient characteristics and disease. The analysis was
based on the application of 16S rRNA amplicon sequencing to bronchoalveolar fluid (BALF) samples
obtained during clinically indicated bronchoscopy in both paediatric and adult patient populations. In
total, samples from 146 CF patients and 45 disease controls, drawn from 13 separate centres across the
USA, were assessed, making this the largest BALF-based analysis of its kind to date.

Much of what ZEMANICK et al. [16] report corroborates the findings of previous, smaller investigations. For
example, they found that the airway microbiota composition in patients <2 years of age is dominated, in
many cases, by Streptococcus, Prevotella or Veillonella. In contrast, older patients exhibited higher levels or
airway inflammation, decreased microbial diversity and a greater abundance of recognised CF pathogens.
Overall, they report that “nontraditional taxa” were the dominant taxon in one in five of the CF BALF
samples assessed, while no sequence data were generated from 20% of CF adults and 44% of CF children
(a phenomenon the authors attribute to low bacterial load).

It is interesting to speculate about what this changing microbiological landscape might represent. The
prevalence of Streptococcus, Veillonella and Prevotella in lower airway samples, particularly from paediatric
patients, might simply be the result of ongoing translocation of microbes from the upper airways, with
relative abundance of these taxa appearing high due to the low total bacterial load. Alternatively, the
detection of these taxa may represent true colonisation of the CF lung. In a recent study published in the
ERJ, PREVAES et al. [17] compared microbiota composition in BALF with that in nasopharyngeal and
oropharyngeal samples from infants with CF. The authors reported inconsistent intraindividual
concordance between microbiota of the upper and lower respiratory niches, suggesting that the lungs of
infants with CF may have their own microbiome, seeded by, but not identical to, the upper respiratory
tract microbiome.

If nontraditional taxa do colonise the CF lower airways, whether they contribute directly to airway
inflammation is uncertain. ZEMANICK et al. [16] point out that patients whose airway microbiota was
characterised by a high relative abundance of these taxa had higher levels of airway inflammation than
disease controls, although whether this stems from the presence of microbes or from the direct effects of
underlying pathophysiology was not investigated.

Whether nontraditional taxa might influence the risk of infection by recognised CF pathogens, such as
P. aeruginosa, is also not known. It is certainly possible that the lung microbiota contributes to the
creation of an airway environment that is more or less conducive to pseudomonal growth, as has been
demonstrated in animal models for other airway pathogens [18]. Potentially, such an interaction might
contribute to the failure of a subset of CF patients to ever acquire chronic P. aeruginosa infections, despite
the environmental prevalence of this pathogen. Conversely, the development of infection by species
associated with poor clinical outcomes, such as P. aeruginosa, is likely to also affect the composition of the
wider lung microbiota. Increases in inflammation and antimicrobial exposure that are associated with
P. aeruginosa infection are likely to lead to a constriction of microbial diversity, while the predominance of
a single species will have the effect of pushing down the relative abundance of other taxa. Despite this,
high density pseudomonal growth and poor clearance of airway secretions will contribute to the
development of regions of low oxygen tension that support colonisation by anaerobic species, whose
fermentation products have the potential not only to damage the airways directly [19] but also to
upregulate the expression of pseudomonal pathogenicity traits [20].

The strategy employed by ZEMANICK et al. [16], and others, to gain insight into the relationship between
airway microbiology and factors such as age has been to assess samples from as large a population as
possible, with subsequent stratification according to clinical or demographic measures. An alternative, but
potentially complementary, approach is to perform longitudinal analysis of individual patients. Such a
strategy enables the relative timing of changes in microbiology and clinical measures to be assessed, as well
as a more ready separation of chronological age from each patient’s unique treatment history and disease
characteristics. Interestingly, a recent study by FRAYMAN et al. [5], involving 16S rRNA amplicon
sequencing was performed on BALF collected longitudinally from 48 paediatric CF patients, reported
transitions in airway microbiology similar to those described by ZEMANICK et al. [16], despite considerable
intersubject variability.

ZEMANICK et al. [16] also report disparities between sequencing- and culture-derived data, including in the
detection of species that are commonly isolated through standard diagnostic microbiology. Pseudomonas,
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for example, was detected in five culture-negative patients at low relative abundance (0.006–1.13%). While
this finding appears to be a common feature of sequencing-based airway studies, the appropriate clinical
response is debatable. One interpretation, suggested by the authors, is that molecular detection represents
an early indication of potential infection and provides an opportunity for intervention. However, exposure
to environmental sources of P. aeruginosa is common and its presence in the lower airways at low
abundance might be transient. Indeed, transient P. aeruginosa colonisation is not uncommon in paediatric
CF patients and is not, in itself, associated with a reduction in pulmonary function [21]. The strong
association between chronic infection and poor clinical outcomes provides a compelling argument for
eradication at first detection [22, 23], although retrospective analysis suggests that that there is little
difference in rates of recurrence of pseudomonal infection between those who received antibiotics during
the initial therapy periods and those who did not [24]. The fact that species such as P. aeruginosa, as well
as the Burkholderia and Strenotrophomonas genera, are common sequencing artefacts due to reagent
contamination [25] suggests these findings require careful consideration.

Interestingly, the authors detected Bordetella in three paediatric CF BALF samples, at >50% relative
abundance in each case, from patients experiencing pulmonary exacerbation. Bordetella pertussis and
Bordetella bronchiseptica (predominantly an animal pathogen) are both capable of causing chronic
infection in CF patients [26, 27], but their slow rates of growth mean that they can go undetected in
mixed respiratory cultures. The use of targeted, culture-independent assays, such as those based on
quantitative PCR, should therefore be considered, and might provide a useful bridge between
sequencing-derived data and routine diagnostics.

The study also highlights an important limitation of 16S rRNA gene sequencing: its inability to
consistently provide species-level bacterial identification. This weakness is particularly problematic when
trying to assess the clinical significance of nontraditional taxa. For example, Streptococcus, a genus
commonly reported in CF lung samples by sequencing, is diverse, containing species that differ
substantially in their pathogenic potential. Building on the work of ZEMANICK et al. [16] and others, it is
now important that higher resolution analytical techniques, whether sequence- or culture-based, are
applied to the analysis of CF lung. Such strategies would not only clarify the overlap between upper
respiratory microbiota and the composition of lower airway samples, but would potentially inform our
understanding of mechanisms by which these taxa might influence CF lung disease.
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