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The emergence of new massive sequencing methods has proved revolutionary for the 
study of complex microbial populations such as the microbiota of the respiratory tract in 
patients with COPD [1]. Using this powerful methodology, our objective was to 
compare the microbiota in two groups of patients with COPD of different severity in 
order to detect potential microbiological markers that could help to provide a better 
understanding of the pathogenesis of this disease and the role played by the microbiota 
in its severity. 

The current study recruited 9 patients with mild or moderate COPD and 10 patients with 
severe or very severe COPD in a stable condition (at least three months without 
exacerbation or use of antibiotics for any other reason). Diagnosis and classification of 
COPD was established according to GOLD recommendations [2].  
After DNA extraction of good quality expectorated sputum, qPCR (7500 real time PCR 
system thermocycler, Life Technologies, USA) was used to quantify the copy number of 
the 16S rRNA gene in each sample (total bacterial load), yielding a 468 bp amplicon 
located between nucleotides 340-808 in reference to the 16S rRNA gene of Escherichia 
coli strain MG1655 (NCBI reference sequence: NR_102804.1). In order to compare the 
results obtained, they were normalized by the number of human cells in the sample, 
quantified by qPCR, using the human albumin gene [3].   

A region measuring 525 bp, between position 8 and 533 of the 16S ribosomal gene was 
amplified by pirosequencing (Roche GS FLX Titanium with  Lib-L type microspheres) 
This region comprises the regions of gene hyper-variability from V1 to V3 of the 16S 
ribosomal gene used to classify bacterial species taxonomically. 

The results were analysed bioinformatically using QIIME v16.0 software [4] to filter by 
quality and size the readings of the sequences obtained by the Roche 454 GS-FLX 
Titanium. Only sequences measuring between 250 bp and 500 bp with an end-trimming 
quality greater than 25 analysed in windows of 50 bases were included in the study.  

The Operational Taxonomic Units (OTU’S) were assigned using the RDP database 
(Ribosomal Database Project) for the 16S rRNA gene with a bootstrap cutoff of 80% 
and only the OTU’s representing over 0.5% of the total sequences of each sample were 
considered. When all the assignments had been made, the two groups of patients were 
compared (using ANOVA and the G-test of independence). Other statistical analyses 
were also done: a -diversity analysis (principal coordinates analysis, PCoA) and -
diversity analysis (obtaining rarefaction curves and Shannon indexes), using the 
statistical software R v 2.15.2 with the vegan package (http://R-project.org) [5]. 

A total of 12,893 readings passed the quality filters, of which 6,385 sequences belonged 
to the group of severe patients and 6,508 to the moderate group. A mean of 638 
sequences per sample were analyzed in the severe group and 723 sequences per sample 
in the moderate groups. The most abundant phylum found in the samples was 
Firmicutes, followed by Proteobacteria, Actinobacteria and Bacteroidetes.   

In the -diversity analyses, when the two groups of patients were compared at the genus 
level, those with moderate disease were seen to exhibit greater bacterial biodiversity; 
This was reflected in a greater diversity index (Shannon index 4.5, mean of 13 genus 
per sample) than in those with severe disease (Shannon index 3.1, mean of 7 genus per 
sample). (p < 0.05 with the U Mann-Whitney test), indicating that in severe patients 
certain microorganisms dominate. Furthermore, the bacterial load was higher in severe 
patients than in moderate patients (5,900 vs 4,200 16S rRNA gene copy number/human 
cell).  
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 Analysis of the sequences obtained in each sample by means of a normalized weighted 
Unifrac -diversity analysis, showed that the majority of samples from moderate 
patients were found to have a very similar composition of bacterial genera. In fact, a 
common bacterial core could be seen consisting of the genera Rothia, Prevotella, 
Veillonella, Fusobacterium, Porphyromonas and Haemophillus. On the other hand, the 
composition of bacterial genera in samples from severe patients differed more among 
themselves and compared to the samples from the other group. The core was displaced 
by other genera resulting in a decrease in the biodiversity of the respiratory mucosa and 
a greater dispersion of points in the PCoA analysis.  

The association between the genus Actinomyces sp and severity of COPD is of note: 
This genus was present in the microbiota of moderate patients (8/9) whereas it was less 
likely to be found in the severe patients (2/10), (p < 0.01, ANOVA test).  

Data are shown in Figure 1 

Molecular techniques for characterizing the microbiota in patients with COPD have 
only been used very recently and our study using metagenomics evaluation provides 
novel information on the microbiota of sputum in COPD patients in a stable clinical 
situation and important differences between the two study groups were found. The 
bronchial tree is known to contain a characteristic microbial flora that differs between 
health and disease [6] and our data also show that there were differences depending on 
the severity of the disease. Greater bacterial biodiversity was seen in moderate patients, 
although no such differences were found in previous studies [7]. 

Our study shows that, in addition to different bacterial richness, the absolute quantity of 
bacteria is greater in more severe pathologies, as indicated by the different absolute 
bacterial load in the two groups of patients. This complements the known data which 
indicate that in the stable state, higher airway bacterial load correlated with more severe 
airflow limitation and higher inhaled corticosteroid dosage. [8]. This correlation with 
the course of the disease suggests that appropriate antibacterial therapy in colonized 
patients may be beneficial [9]. 

The lung is a complex structure composed of cells belonging to all three domains of life 
on Earth, Eukarya, Bacteria and Archaea, as well as their viruses, even in healthy 
individuals [10]. The microbiome constitutes the last human organ under active 
research. Like any other organ, the microbiome has physiology and pathology, and the 
individual’s health might be damaged when its collective population structure is altered 
especially when antibiotics are administered as frequently as they are in these patients  
[11, 12]. 

In this respect, more detailed studies should be done to elucidate the interaction between 
the microbiome of these patients and repeated exposure to multiple antibiotics in order 
to achieve a better understanding of the role played by these drugs in altering the 
structure of the microbiome [13, 14]. Actinomyces sp is an indicator that should be 
evaluated in order to determine its clinical importance in the evolution of these patients 
since our study found a strong association between the presence or absence of this 
microorganism and the severity of the clinical condition. Further studies with longer 
sequences will reveal the Actinomyces species that may be involved, as current 
pyrosequences reads are only accurate at the genus taxonomic level. 

These new methodologies, which are clearly superior to traditional microbiological 
culture methods, may pave the way for substantially improved diagnosis and treatment 
of COPD patients since they provide information on the true composition and evolution 
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of the microbiome of the respiratory mucosa depending on the clinical situation of the 
patient. Thanks to the detection of these changes in the microbiota, it may be possible to 
initiate therapies at an early stage during disease progression.   
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