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16s rRNA sequence data preprocessing
Base calling and run demultiplexing were performed 

by using Torrent Server software.  The sequences were 
analyzed using the metagenomics workflow in the Ion 
Reporter™ Software that enables the identification of 
microbes present in complex multi-bacterial samples, 
at the genus or species level, and uses both the curated 
Greengenes database and the premium curated Micro-
SEQ™ ID 16S rRNA reference database. 

Sequencing of the ten human nasopharyngeal samples 
on the Ion Torrent PGM instrument generated 1.791.402 
total raw reads. We utilized the Ion Reporter software 
to process the raw reads, which performs demultiplex-
ing and denoising, quality filtering, alignment against 
a reference database of 16SrRNA gene sequences and 
clustering into operational taxonomic units (OTUs) at 97 
% similarity. OTUs were assigned taxonomy using the 
Greengenes database and analysis was performed using 
Quantitative Insights into Microbial Ecology (QIIME).   

16S rRNA sequencing data analysis
Statistical analysis was conducted with open source 

programming R Language Version 3.3.1. Additionally, 
the following R packages were imported to further ex-
plore the microbial data: vegan Version 2.4.2, phyloseq 
Version 1.19.1 and DESeq2 Version 1.14.119-11. Bar plots 
were designed to explore the relative abundance of the 
taxa at phylum, family, genus, and species level. To com-
pare the microbial diversity within each sample, richness 
was evaluated, and the a-diversity Shannon index which 
examines both richness and evenness was calculated. 
The healthy subjects were categorized into subgroups 
in accordance with gender, origin, age group, smoking, 
and medical history. To detect differences in a-diversity 
among subgroups of the healthy subjects, the non-par-

ametric Kruskal-Wallis test was implemented. Differen-
tial Expressions analysis for Sequence data (DESeq) was 
performed for the computation of the q-values, with the 
Benjamini & Hochberg method to detect differentially 
abundant taxa between the healthy subgroups, at a 5 % 
False Discovery Rate (FDR) threshold12-14. 

Furthermore, to consider b-diversity between sam-
ples, a distance matrix was calculated with the Bray-
Curtis distance metric. Principal Coordinate Analysis 
(PCoA) was applied to the calculated dissimilarity matrix 
for finding out taxa that were count more in the total vari-
ance and for pattern visualization. To confirm significant 
differences between healthy subgroups, Permutational 
Multivariate Analysis of Variance (PERMANOVA) was 
implemented together with PERMutational analysis of 
multivariate DISPersion (PERMDISP) to strengthen the 
results of the PERMANOVA test further. 

Results
In total 1173 OTUs were generated and were avail-

able for further analysis. Twelve phyla were identified 
in the ten study samples. The most abundant phyla de-
tected, were Firmicutes (53.08 %), Proteobacteria (22.3 
%), Bacteroidetes (14.77 %), followed by Actinobacte-
ria (5.08 %), and Fusobacteria (4.41 %). The remain-
ing seven phyla contributed less than 0.1 % to the total 
abundance. Rare phyla with low abundance levels were 
Cyanobacteria, Tenericutes, Chloroflexi, Spirochaetes, 
Synergistetes, Deinococcus-Thermus, and Nitrospirae.

At the family level, 79 families were identified, 
grouped into 12 phyla. Out of the 79 families, sixty (76 
%) belong to the five most abundant phyla. The five most 
abundant families were Streptococcaceae (33.47 %) (Fir-
micutes phylum), Prevotellaceae (13.5 %) (Bacteroidete 
phylum), Pasteurellaceae (12.87 %) (Proteobacteria 
phylum), Bacillales incertae sedis (9.1 %), and Veillonel-

Table 1: Demographic characteristics (age, sex, nationality, origin) and clinical characteristics (smoking, influenza vaccina-
tion, respiratory system infection, and medical history) of the study population. 

SampleID Age Sex Nationality Origin Smoking Influenza 
Vaccination

Respiratory 
System 

Infection
Medical_History

S01 35 Female Greek Kozani No No No AT, thyroidectomy, SDII 

S02 44 Female Greek Thessaloniki Yes No No No

S03 9 Female Greek Thessaloniki No No No No

S04 35 Female Greek Kavala No No No No

S05 31 Female Greek Kozani No No No No

S06 43 Female Greek Kozani No No No irritable bowel syndrome

S07 11 Female Greek Thessaloniki No No No No

S08 5 Female Greek Thessaloniki No No No No

S09 61 Male Greek Thessaloniki Yes No No No

S10 49 Male Greek Thessaloniki Yes No No No

AT: Ataxia-Telangiectasia, SDII: Sudden Death in Infancy.


