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Supplementary Table

Table S1. Characteristics of older subjects involved in the study (n=43). All data are presented as median and
interquartile range (IQR) and as mean =+ standard deviation (SD). BMI, body mass index; SBP, systolic blood
pressure; DBP, diastolic blood pressure; TC, Total cholesterol, HDL-C, high density lipoprotein-cholesterol;
LDL-C, low density lipoprotein-cholesterol; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
GGT, gamma-glutamyl transpeptidase; HOMA index, homeostasis model assessment index; C-G index,
Cockcroft-Gault, sSVCAM-1, vascular cells adhesion molecules-1; ICAM-1, intercellular cells adhesion

molecules-1; CRP, C-reactive protein; TNF-a, tumour necrosis factor-alpha; IL-6, interleukin-6.

Variables Median (IQR) Mean (SD)
16S rRNA g.c./ul 5444 (3522;7405) 5776 + 3110
Zonulin (ng/ml) 40.0 (34.4;48.6) 41.1+111
Age (Y) 79.0 (72.0;87.5) 79.2+9.8
BMI (kg/m2) 25.4 (22.1;30.4) 26.5+5.8
CRP (mg/l) 5.0 (1.6;10.0) 72+7.7
TNF-a (pg/ml) 1.2 (1.0;1.8) 1.7+1.2
IL-6 (pg/ml) 3.7 (2.1,6.0) 48+43
SICAM-1 (ng/ml) 50.5 (41.4;67.2) 55.9+22.1
SVCAM-1 (ng/ml) 1017 (669;1356) 1325 + 1818
Glucose (mg/dl) 95.0 (85.0;115.0) 1152+ 72.8
Insuline (LU/ml) 6.40 (5.05;8.95) 8.63£6.79
HOMA index 1.60 (1.15;2.41) 3.02+5.87
Creatinine (mg/dl) 0.81 (0.61;1.04) 0.84+0.31
Uric Acid (mg/dl) 5.00 (4.10,6.60) 5.46 + 1.86
C-G index 69.3 (53.4;82.9) 75.1+£429
TC (mg/dl) 194 (170;239) 197 +51
HDL-C (mg/dl) 46.0 (37.5;57.5) 476+ 157
TC/HDL-C (ratio) 4.0 (3.5;5.3) 44+12
LDL-C (mg/dl) 123.0 (94.5;146.0)  121.5+37.3
LDL/HDL-C (ratio) 2.53 (2.08;3.39) 2.7+0.78
Triglycerides (mg/dl) 113.0 (89.0;154.5) 1429+974
AST (U/l) 17.0 (13.0;21.5) 176 6.1
ALT (U/) 11.0 (8.0;17.0) 132+75
GGT (U/l) 21.0 (16.5;38.0) 35.5+38.9
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Supplementary Figures

Fig. S1. Metataxonomic analysis of data generated by 16S rRNA gene profiling for the first set of blood
samples. A, rarefaction curves based on the richness of operative taxonomic units (OTUs). B, a-diversity
analysis based on five different indexes, shown in order of increasing evenness weight in the algorithm, from
observed species and Chaol (no evenness considered) to InvSimpson index. C, principal coordinates analysis
of generalized UniFrac distance (alpha=0.4); the first two coordinates are displayed; the percentage of variance
explained is indicated in brackets. D, relative abundance of the most represented families and genera. Alpha

diversity scores and UniFrac distance between samples were determined using Phyloseq R package *.
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Families

® Proteobacteria
® Actinobacteria

® Firmicutes
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Fig. S2. Abundance in blood samples (B.S.) and controls (Cgpcr) of the main families (panels A and C)
and genera (panels B and D) detected in blood (taxa are according to Fig. 4). Panels A and B, normalized

abundances obtained multiplying the total 16S rRNA gene copies/ul by the percentage of each taxon in a

specific sample. Panels C and D, relative abundances shown as percentage.
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Fig. S3. Bacterial taxonomic profiling by 16S rRNA gene sequencing of additional controls and a blood

sample (B.S.). Cexr, DNA extracted from ultrapure water; Cgepra, DNA extracted from commercial PBS;

Cuveota, DNA extracted from commercial PBS passed through the vacutainer system. DNA extraction from all

controls have been carried out following the same protocol used for the extraction of DNA from blood and

was performed simultaneously to blood sample B.S. A, concentration of 16S rRNA gene copies (16S rRNA

g.c./ul) determined by qPCR. B, number of sequencing reads assigned to operational taxonomic units (OTUs)

per sample. C, taxonomic composition of each sample at OTU level; each Cluster corresponds to an OTU;

genera of main Clusters detected in B.S. are specified on the right. D, distribution of taxonomic Clusters (i.e.,

OTUs) detected in the analyzed samples; the bacterial genus to which each cluster belong is shown on the

right; white cells in the heatmap indicate that the bacterial taxon was not detected in a specific sample.
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Fig. S4. Results of the qPCR experiments performed to assess the “carrier effect” during DNA extraction
from EDTA tube. The same volume of milliQ water and A phage dilutions were added to EDTA tubes. - , DNA
extracted from EDTA tube containing MRD solution; mQ, EDTA tube containing MRD solution with the
addition of the same volume of Milli-Q water used to prepare the A DNA dilutions. Cq, cycle threshold used
for qPCR quantification. DEB, DNA elution buffer of the commercial kit used for DNA extraction.
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Fig. S5. Abundance of 16S rRNA gene copies of taxonomic units detected in second set of blood samples (n=42) that significantly correlated with the serum

levels of zonulin. p, Spearman’s rank correlation coefficient; P, P value of the Kendall’s rank correlation. Taxa that resulted significantly correlated with zonulin

also from the analysis of the first set of blood samples are indicated in bold and red color.
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Fig. S6. Correlations of the taxonomic units detected in blood (expressed as relative abundances) toward age, BMI, and metabolic and functional markers
determined in blood of the older subjects under study (n=43). This figure only includes taxa whose abundance significantly correlated with at least one parameter.
The heatmap (blue-white-red color gradient) represents the Spearman’s correlation coefficient, p. Asterisks indicate the P value of the Kendall’s rank correlation:
*, P<0.05; **, P<0.01.
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Supplementary Discussion

Technical issues concerning zonulin quantification

In this study, zonulin quantification in serum samples was carried out by means of the most commonly
used commercial ELISA kit. Recently, the specificity of this and others ELISA assays has been questioned 2
and, consequently, it was suggested to interpret with caution data collected as direct assessment of intestinal
permeability 2. In this context, it is noteworthy that already Scheffer and colleagues *, previously identified
through the use of the same kit a variety of proteins structurally related to zonulin (in particular properdin).
Consequently, the authors suggested that although the assay was not specific for pre-haptoglobin2
guantification, other members of permeability-regulating proteins belonging to the mannose-associated serine

protease family could be determined *.

Technical issues concerning the detection and taxonomic profiling of bacteria DNA in blood

In a recent publication, circulating cell-free DNA isolated from human blood plasma was subjected to
massive shotgun sequencing °; more than half of the identified contigs had little or no homology with sequences
in available databases and, interestingly, were assigned to hundreds of entirely novel microbial taxa. In our
study, we did not find such a large presence of unknown microorganisms. Nonetheless, two main aspects
distinguish the research by Kowarsky et al. from ours: (i) we performed 16S rRNA gene profiling and not
shotgun metagenomic sequencing and (ii) we analyzed DNA isolated from whole blood and not plasma. This
second aspect is particularly important considering the presence of bacterial DNA in blood cells such as
erythrocytes and antigen-presenting cells ®”.

In this study, the bacterial DNA isolated from blood was taxonomically profiled through MiSeq
sequencing of 16S rRNA gene amplicons. We presented above numerous similarities, both quantitatively (i.e.,
abundance of 16S rRNA gene copies) and qualitatively (i.e., detected taxa), between the results of our study
ad what reported in several other studies available in literature. However, none of the papers we referenced
above focused specifically on the evaluation of potential contaminant DNA, originating from any possible
experimental step. The use of 16S rRNA gene profiling for the bacterial taxonomic characterization of low
microbial biomass samples, such as blood, has been criticized as being at high risk of microbial contamination
that may occur at any step of the protocol, from sample collection until sequencing 8°. In our study, we
analyzed several control samples to assess the potential presence of contaminants in labware (e.g. vacutainer
and EDTA tubes) and reagents (e.g. solutions used during extraction, library preparation, sequencing, and
gPCR). According to qPCR experiments, we always detected in control samples a quantity of bacterial DNA
much lower than that quantified in blood samples, suggesting the potential contaminants should not have
significantly affected the taxonomic profiling of blood samples. However, the confirmation of a significant
correlation between zonulin and 16S rRNA gene copies in blood (total and ascribed to Pseudomonas) also in
the second set of blood samples investigated supports the conclusion that the bacterial DNA detected in blood

largely do not derive from contamination. Nonetheless, it is also important to mention that most of the bacterial

12
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genera detected in blood in our study have been reported as contaminants occurring during microbiome
research in other studies (reviewed in 8).

Considering the relative abundance of bacterial taxa detected in blood and control samples, we
hypothesize that the most probable contaminants belong to the families Enterobacteriaceae, Micrococcaceae
and Moraxellaceae (the second, third and fifth most abundant families detected in blood, respectively),
whereas at least most part of the DNA ascribed to Pseudomonadaceae (the most abundant family detected in
blood) is less likely to derive from contaminants. Lists of bacterial taxa that were identified in negative controls
during different independent studies have been proposed #°, cataloging up to 70 different genera to be
considered as potential contaminants 8 These lists contain numerous Proteobacteria including Pseudomonas,
which was found to be the most prevalent and abundant bacterial genus in the blood samples investigated in
our study. Pseudomonas is a ubiquitous bacterium, which colonizes numerous environments, such as soil,
water and various plant and animal organisms, due to minimal survival requirements and remarkable
adaptation ability *. Notably, Pseudomonas is also one of the microorganisms most frequently isolated from
patients with bacteremia, particularly the species P. aeruginosa 2. In this report, the partial sequence of the
16S rRNA gene belonging to the most prevalent and abundant OTUs found in the analyzed blood samples
(Cluster 1 and Cluster 3, Fig. 5) shared 100% similarity with P. fluorescens and other species of the same
phylogenetic lineage. Although far less pathogenic than P. aeruginosa, P. fluorescens has been often reported
as the aetiologic agent of opportunistic infections in lungs, mouth, stomach, urinary tract, skin, and, most
commonly, blood >4, Notably, P. fluorescens is recognized as the most important cause of iatrogenic sepsis,
attributed to contaminated blood transfusion or contaminated equipment used in intravenous infusions %17,
Although the literature evidence discussed above suggests that P. fluorescens and related species can be
contaminants (see Supplementary Discussion in Additional file 1), on the other hand, these bacteria were also
reported to possess numerous functional properties that support their survival and growth in mammalian hosts
14, Furthermore, an interesting association was found between the presence of serum antibodies against the 12
peptide encoded by P. fluorescens and Crohn’s disease '8, celiac disease *°, ankylosing spondylitis 2°, and
chronic granulomatous disease . In addition, P. fluorescens was reported to be regularly cultured from clinical
samples even in the absence of acute infection 4. Finally, P. fluorescens was demonstrated to induce zonulin
expression and decreased intestinal permeability in a time dependent manner in an in vitro model of intestinal
epithelium 22, In the same study, the authors found increased zonulin levels and higher abundance of
Pseudomonas 16S rRNA gene copies (as determined through gPCR with genus-specific primers) in coronary
artery disease (CAD) patients compared to non-CAD subjects 2. Altogether, these reports support the
hypothesis that human-adapted P. fluorescens strains constitute low-abundance indigenous members of the
microbial ecosystem of various body sites, such as the lungs, mouth, and stomach 422, Contextually, we can
speculate that certain P. fluorescens-related strains are highly adaptable and poorly pathogenic members of the
microbiota in several body sites that may frequently translocate into the bloodstream, providing a dominant
contribution to bacterial DNAemia. However, we are conscious that our results do not conclusively

demonstrate the actual presence of Pseudomonas (cells or free DNA) in blood. We believe that DNA-
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independent methods, for instance based on the use of electron microscopy or bacterium-specific antibodies,

could contribute to the unambiguous demonstration of the presence of these bacteria in human blood.
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