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A B S T R A C T   

Introduction: Single microbial pathogens or host-microbiome dysbiosis are the causes of lung diseases with sus-
pected infectious etiology. Metagenome sequencing provides an overview of the microbiome content. Due to the 
rarity of most granulomatous lung diseases collecting large systematic datasets is challenging. Thus, single- 
patient data often can only be summarized visually. 
Objective: To increase the information gain from a single-case metagenome analysis we suggest a quantitative and 
qualitative approach. 
Results: The 16S metagenomic results of 7 patients with pulmonary sarcoidosis were compared with those of 22 
healthy individuals. From lysed blood, total microbial DNA was extracted and sequenced. Cleaned data reads 
were identified taxonomically using Kraken 2 software. Individual metagenomic data were visualized with a 
Sankey diagram, Krona chart, and a heat-map. We identified five genera that were exclusively present or 
significantly enhanced in patients with sarcoidosis - Veillonella, Prevotella, Cutibacterium, Corynebacterium, and 
Streptococcus. 
Conclusions: Our approach can characterize the blood microbiome composition and diversity in rare diseases at 
an individual level. Investigation of the blood microbiome in patients with granulomatous lung diseases of 
unknown etiology, such as sarcoidosis could enhance our comprehension of their origin and pathogenesis and 
potentially uncover novel personalized therapeutics.   

1. Introduction 

Granulomatous disorders encompass numerous nosological entities 
that share the histological feature of granuloma formation. Granulo-
matous lung diseases (GLD) in humans affect the lungs and can cause 
non-necrotizing granulomas, which may result in organ failure and 
death [1,2]. Granuloma is a particular type of inflammatory response 
that involves the formation of a mass of immune cells known as gran-
ulocytes, which form a protective barrier around a foreign substance or 
body [3]. Sarcoidosis is a granulomatous multisystem inflammatory 

disease and has both immunological and genetic components [4] how-
ever, recent studies on bronchoalveolar lavage (BAL) indicate that the 
disease may also be linked to lung microbiota alterations [5,6] or 
antigen-detected pathogens as a risk factor [7]. It is hypothesized that 
the etiology of sarcoidosis is associated with an autoimmune reaction, 
genetic predisposition, bacterial infection, or host-microbiome dysbiosis 
[8]. Among the various forms of the disease, pulmonary sarcoidosis is 
the most common. Sarcoidosis is typically diagnosed by observations of 
bilateral hilar adenopathy, and the presence of non-caseating granu-
lomas in the lung tissue [9–11]. Fig. 1A outlines the current examination 
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protocol for GLD, including a broad range of methods due to the chal-
lenges of diagnosis and limited treatment options [10]. Evidence sup-
porting the hypothesis of microbial infection in lung sarcoidosis suggests 
the presence of microorganisms [12]. Members of the Mycobacterium 
and Cutibacterium genera as well as fungi have been linked to sarcoid-
osis, but not confirmed as causative agents [13,14]. Recently, Atopobium 
and Fusobacterium species have been suspected as etiological agents of 
sarcoidosis due to their identification in BAL samples from patients with 
pulmonary sarcoidosis [5]. 

The classical culturing approach cannot fully characterize the host 
microbiome due to a significant number of nonculturable microbial 
species. Metagenome analysis of lung and lymphatic nodule biopsy 
samples from patients with sarcoidosis and other GLD utilizing bacterial 
16 S rDNA and fungal ITS taxonomy suggests no single microbial 
pathogen is associated with granulomatosis progression [5,12,15]. 
There is evidence suggesting that individuals with GLDs exhibit alter-
ations in the quantity not quality of lung tissue microbiota content [12, 
15]. It would be valuable to conduct in-depth qualitative and quanti-
tative metagenomic evaluation of the affected tissues. In this context, 
sarcoidosis, as a multifaced disease, is contingent on the equilibrium 
between the host and microbiome. Thus, the hypothesis of dysbiosis in 
the host-microbiome relationship appears to be a feasible trigger for 
sarcoidosis or other GLDs. 

The incidence of sarcoidosis in Bulgaria and southeastern Europe, 
and many Asian countries ranges from 1 to 10 cases per 100,000 pop-
ulation. Group data collection that meets the requirements for statistical 
analysis is severely limited [4,16]. Analysis and data visualization of one 
or a few samples with no statistical support is challenging. Therefore, 
methods for assessing metagenomic data at the individual level are 
necessary. 

Visualization of metagenomic data is a rapidly developing field that 
introduces novel methods and tools for creating and evaluating new 
biological hypotheses [17,18]. Sankey diagrams were first used by 
Kennedy and Sankey in 1898 to represent machine energy flow [19]. 
They remain a useful tool for visualizing complex data in contemporary 
metagenomics research. The chart is composed of arrows, whose width 
represents the flow magnitude (such as microbial read counts) and 
nodes, that depict hierarchy levels of microbial taxa. In the context of 
metagenomics, Sankey plots are an appropriate visualization method for 
single-sample metagenomic data. Thus, they are an effective tool for 
visualizing complex metagenomic data [20,21]. 

Human blood is generally believed to be free of microorganisms due 
to the protective activity of the immune system. The occurrence of 
bacteria in the bloodstream is defined as bacteremia and is related to 
sepsis or chronic latent infection [22,23]. However, studies have 
demonstrated the presence of blood microbiota by culture resuscitation 
[2,24–27], and by 16 S metagenomic sequencing [28,29] in healthy 
individuals, indicating the presence of a self-sustainable microbial 
community in the blood. The analysis of the blood microbiome has 
become a potent tool for research and diagnosis, and utilization of liquid 

biopsy samples has enabled noninvasive investigations of infectious 
diseases [30]. The circulatory system, in general, is deemed a viable 
host-microbiome niche, and microbial dysbiosis may be associated with 
sarcoidosis and other GLDs [27,31,32]. Thus, evaluating the blood 
microbiome may be an appropriate line of research and a diagnostic 
approach for sarcoidosis and GLDs. Timely detection of microbial pro-
files in patient blood samples is crucial for accurate clinical assessment. 
Unfortunately, there is still a lack of thorough research dedicated spe-
cifically to the blood microbiome in patients with sarcoidosis. 

As previously stated, obtaining a significant number of samples for 
statistical analysis in cases of rare diseases is challenging [33,34]. 
Therefore, the only approach is to analyze individual samples. It is 
imperative to develop and test methods and techniques that have uni-
versal applicability and serve as a foundation for the ever-evolving sci-
ence of biomedical informatics. Our aim was to evaluate an advanced 
visualization method for assessing the qualitative and quantitative fea-
tures of blood microbiomes from individual or small sample-size data 
sets of sarcoidosis patients. To enhance the information retrieval and 
address the existing constraints for analyzing small patient groups with 
rare diseases, we examined the 16 S metagenomic results of 7 patients 
with pulmonary sarcoidosis and 22 healthy controls. Here, we suggest 
monitoring the composition of the blood microbiome as a novel 
parameter in the diagnosis of sarcoidosis. 

2. Materials and methods 

The study was approved by the Institutional review board/ Institu-
tional ethics committee (IRB/IEC) Number IRB00006384; Protocol 
Number 3/27.07.2020). 

2.1. Patients 

Between November 2020 and November 2022, a pool of 7 patients 
were suspected of having pulmonary sarcoidosis. The diagnostic criteria 
for sarcoidosis were applied [10,35]. Patients were subjected to trans-
bronchial biopsy, followed by histopathological assessment (Fig. 1A), to 

Fig. 1. (A) Diagnostic protocol applied for sarcoidosis. (B) Light microscopy of multiple non-caseous granulomas from bronchial wall of stage II sarcoidosis patient - 
marked in yellow circles. (C) Main steps of the metagenomic analysis to test for dysbiosis in the blood microbiome of sarcoidosis patients. 

Table 1 
Characteristics of study samples. Abbreviations: AH - Arterial hypertonia; SN - 
Struma nodosa; SA - Sleep apnea; DM - Diabetes mellitus; NA - not applicable.  

Characteristics Sarcoidosis Controls 

Sample size 7 22 
Mean age years ( ± SD) 48.33 ( ± 19.14) 49.21 ( ± 17.45) 
Males/females 4/3 12/10 
Blood type distribution A/B/AB/0 2/2/1/2 7/4/6/5 
Sarcoidosis type II 7 0 
Number of histologically confirmed samples 7 NA 
Corticosteroid therapy 0 0 
Never/former/current smokers 4/1/2 10/4/2 
Comorbidity – AH/SN/SA/DM 1/1/1/0 0/0/0/1  
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detect non-caseating epithelioid-cell granulomas (Fig. 1B). All patients 
(Table 1.) were positively diagnosed with stage two pulmonary 
sarcoidosis [36] and subsequently included in this study. Blood samples 
from patients and 22 clinically healthy individuals were collected in 
5 ml Vacutainer tubes containing K3EDTA as an anticoagulant (Vacu-
tainer K3E, BD, USA). None of the patients were receiving antibiotics or 
any other medication related to sarcoidosis during sample collection. 

2.2. DNA extraction 

Three milliliters of whole blood cells were lysed in 10 ml of dH2O 
that was filtered through a 0.2 µm filter and autoclaved. Prior to filtra-
tion and autoclaving of the dH2O, DNase I was added at a concentration 
of 1 U/ml and incubated for 1 h at 37 ⁰C. DNase I was added to remove 
cell-free and human DNA. After centrifugation at 4000 rpm for 20 min 
microbial cells were collected and the pellet was washed twice with 
10 ml dH2O. Each wash was followed by centrifugation. The cell pellet 
was resuspended in 1 ml of lysis buffer containing 500 mM NaCl, 50 mM 
Tris-HCl, pH 8.0, 50 mM EDTA, and 4% sodium dodecyl sulfate. The 
resulting cell suspension was vigorously vortexed or homogenized with 
0.1/0.3 mm silica/zirconium beads (Biospec Products, Bartlesville, OK, 
USA) using a bead beater (Benchmark Scientific, Sayreville, NJ, USA) for 
3 min at 4000 rpm. After performing microbial cell lysis we isolated the 
DNA using a previously described procedure [29]. Extracted DNA was 
resuspended in 100 µL of sterile DNA/RNA free dH2O (Sigma-Aldrich, 
Burlington, VT, USA). The typical yield of DNA was > 150 ng/µL, with a 
260/280 nm ratio > 1.7. 

2.3. Metagenomic sequencing 

Fig. 1C illustrates the key steps involved in our metagenomic analysis 
for preparing 16 S rDNA amplicon libraries. We used the NEXTFLEX® 
16 S V4 Amplicon-Seq Kit 2.0 for Illumina Platforms (PerkinElmer, Inc. 
Waltham, MA, USA) to sequence the V4 hypervariable region. 
Sequencing was done using the Illumina NovaSeq 6000 (Illumina Inc., 
San Diego, CA, USA). 

Identification of metagenomes was based on clean data after quality 
control (Fig. 1 B). The Illumina MiSeq Reporter software version 2.5.1.3 
(Illumina Inc., San Diego, CA, USA) and the Illumina Sequence Analysis 
Viewer version 2.1.8 (Illumina Inc., San Diego, CA, USA) were used for 
imaging and evaluating of the sequencing run performance. MiSeq Re-
porter performed primary data analysis and quality control, including 
signal processing and de-multiplexing, with removal of low-quality se-
quences and human DNA from subsequent analysis. Kraken 2 software 
(version v2 2.1.2; SILVA database, version 2022–02–02T162959Z) was 
utilized for taxonomic profiling [37]. Additionally, we applied Bayesian 
Reestimation of Abundance with Kraken (Bracken) to accurately 
calculate the microbial abundance levels for each metagenomic sample 
based on the taxonomy reports generated by Kraken 2 [38]. The Pavian 
package (version 20) was used to generate an OTUs table, which pro-
vides genus-level microbiome abundance information [20]. Sequence 
clustering was performed using a 97% similarity index [39]. Microbial 
genera present in negative controls, such as water, reagents, air, wash-
ings of bronchoscope equipment, were excluded from the analysis. In-
dividual OTUs were normalized via rarefaction to ensure an equivalent 
number of OTU reads in all samples [40]. The OTU tables underwent 
statistical evaluation to determine microbial composition and 
abundance. 

2.4. Visualizing individual blood microbiome data in sarcoidosis 

We used the Sankey [19] and Krona diagrams to visualize the mi-
crobial composition at individual and group level of sarcoidosis patients 
and controls. The data were processed with the Pavian package (R-3.6.0) 
for Sankey diagram and Krona tool for metagenomic visualization 
(KronaTools-2.8, https://github.com/marbl/Krona/releases/tag/v2.8) 

[41]. Sankey diagrams show actual abundance, while Krona diagrams 
display relative abundance of microbial reads in percentages. 

2.5. Statistics 

The MicrobiomeAnalyst web-based service (https://www.micro-
biomeanalyst.ca; accessed on January 9, 2023) was used to statistically 
compare the microbiome composition and abundance in sarcoidosis 
patients with the control group. The service is based on the Micro-
biomeAnalyst R package for statistical, visual, and functional analysis of 
the microbiome [42]. For quantitative comparison of the microbial 
similarity in each sample (alpha diversity) a Shannon diversity index 
was calculated [43]. Group variations in alpha diversity were evaluated 
utilizing a parametric T-test. The normal distribution of the data was 
assessed with the Kolmogorov-Smirnov goodness of fit test. We applied 
principal coordinate analysis (PCoA) for the evaluation of 
between-group (beta) diversity [44], using the Bray-Curtis dissimilarity 
index [45]. Two-dimensional PCoA plots were generated for statistical 
comparison of samples by computing the first two principal components, 
which then served as the coordinates of the plots. To test the statistical 
significance of differences between the two sample groups, permutation 
analysis of variance (PERMANOVA) was utilized. Normalization of the 
data was performed to address the dispersion of the sampling depth. 
Rarefaction was applied since the sequencing number of reads in the 
metagenomic libraries per sample exceeded 10-fold [40]. Hierarchical 
clustering analysis was performed using the Euclidean distance measure 
and the Ward clustering algorithm [46]. The individual normalized 
abundance at the genus level was demonstrated via a Heat map diagram 
[47]. The study compared mean differences in major genera, which were 
log-transformed, using the Mann-Whitney U test. To control the false 
discovery rate (FDR), P-values were adjusted for multiple comparisons 
employing the Benjamini-Hochberg method [48]. Two-tailed P-values 
(including False Discovery Rate - adjusted P-values) of < 0.05 were 
deemed statistically significant. 

3. Results 

During a two-year period from November 2020 to November 2022, 
blood samples were taken from 7 sarcoidosis patients and 22 healthy 
individuals. Samples were sequenced by a targeted 16 S metagenomic 
approach. A total of 294736 raw sequences were obtained after quality 
control and processing, which were then normalized to 900 sequences 
per sample. Taxonomic analysis identified 1541 OTUs, with 118 OTUs 
having an abundance threshold of over 10 reads. Table 2 displays in-
formation on the distribution of the reads among the key taxa. 

Microbiome data of each sarcoidosis patient was visually represented 
at phylum and genus level by two alternative graphical approaches – a 
Sankey diagram (Fig. 2 A) and a concentric Krona pie chart (Fig. 2 D). 
Figs. 2B and 2E display the microbiome abundance represented by the 
mean number of bacterial reads within the sarcoidosis group, whereas 
Figs. 2C and 2F depict the same analysis for the group of healthy in-
dividuals. These methods provided an easy-to-use color visual evalua-
tion of the taxonomic content including higher levels such as phylum, 

Table 2 
A total number of taxonomically indexed bacterial taxa and their distribution in 
sarcoidosis patients and healthy controls.  

Taxon Control group Sarcoidosis 

Phylum  13  13 
Family  70  70 
Genus  118  102 
Total number of reads  55451  6558 
Number of reads per sample (SD)  2520 

(293)  
937 

(58) 

SD – standard deviation 
Visual microbiome analysis of individual and small sample groups in sarcoidosis 
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and genus. The taxonomic abundance was represented by the thickness 
of branches in the Sankey diagram and the angular sector size in the 
Krona pie chart. The Sankey method displays the actual read abundance, 
while Krona illustrates the relative richness. Both diagrams showed four 
dominant phyla in similar proportions: Actinobacteria, Proteobacteria, 
Firmicutes, and Bacteroidetes. The sarcoidosis microbiomes revealed a 
set of specific genera: Cutibacterium, Corynebacterium, and Veillonella. 
Genera Dietzia and Acinetobacter were predominant among the healthy 
group, while Streptococcus was present in both groups with a slight in-
crease observed in the sarcoidosis group. 

3.1. Statistical characterization of the blood microbiome in sarcoidosis 
patients 

The blood microbiome data of 7 patients with pulmonary sarcoidosis 
were statistically compared to the microbiome data of 22 healthy in-
dividuals. Statistical analysis showed a significant increase in bacterial 
alpha diversity richness in patients with sarcoidosis using the Shannon 
index (1.57 ± 0.63 vs. 2.39 ± 0.08; F(1,28)= − 4.95; P = 0.00015) 
compared to healthy controls (Fig. 3. A). The Bray-Curtis dissimilarity 
index was used as an indicator of beta diversity in each subject’s sample. 
PCoA analysis clearly illustrated a disconnect between the controls and 

sarcoidosis microbiome types (Fig. 2B) which accounted for 57.8% of 
the total variance (PERMANOVA, F(1,28) = 10.92; P = 0.001). 

A heat map was generated to demonstrate the relative abundance of 
the dominant genera in sarcoidosis and healthy groups (Fig. 4). The 
results showed a clear differential taxonomic distribution of microbial 
genera based on the group. Furthermore, there was an increase in 
relative abundance of 36 microbial genera associated with sarcoidosis 
(located at the top right corner of the heat map diagram, Fig. 4). 

Applying the Mann-Whitney test, we identified a significant increase 
in the microbiome abundance of five genera in sarcoidosis: Veillonella, 
Prevotella, Cutibacterium, Corynebacterium, and Streptococcus (Fig. 5). 

4. Discussion 

The blood microbiome has not been tested in sarcoidosis patients. To 
understand the potential microbial signatures linked to sarcoidosis, we 
compared the 16 S blood metagenome composition of sarcoidosis pa-
tients with that of healthy controls. Identification of microbial clusters 
may yield valuable information on sarcoidosis etiology. Currently, 
establishing a defined core blood microbiome in healthy individuals 
from diverse geographical regions is challenging. However, it is possible 
to outline indications of enriched or depleted microbial genera in 

Fig. 2. Microbial composition and read abundance visualization of individual and group blood microbiomes at phylum and genus level by Sankey and Krona di-
agrams. (A and D) single patient with pulmonary sarcoidosis (Sarc1); (B and E) sarcoidosis group mean abundance; (C and F) healthy group mean abundance. (D – 
domain, P – phylum, G – genus). 
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sarcoidosis patients. 
This study characterizes the blood microbiome profiles of 7 patients 

with pulmonary sarcoidosis and 22 healthy individuals to evaluate 
strategies for visually examining individual microbiome data. We aimed 
to describe statistically significant alterations in the microbiota 
composition associated with sarcoidosis. Our results show the tax-
onomical composition and relative bacterial abundance for single or 
small sample sizes. 

Sankey diagrams and Krona pie charts were proposed to visualize 
single-subject and small group microbiome data [20,41]. We applied 
both methods to illustrate the taxonomic composition in individual and 
group sarcoidosis patients in comparison to healthy controls (Fig. 2). 
Both methods demonstrated microbiome composition and the relative 
abundance of the core phyla - Actinobacteria, Proteobacteria, Firmi-
cutes, and Bacteroidetes. Microbiome visualization methods can be 
useful in clinical practice aiding in diagnosis, monitoring disease pro-
gression, enabling personalized medicine, identifying potential patho-
gens and facilitating research. Thus, maximum valuable clinical data can 
be derived from the microbiome data of a single or a small group of 
patients. 

We employed alpha and beta diversity measures and nonparametric 
univariate analysis to determine the blood microbial composition in 
both pulmonary sarcoidosis patients and a healthy control group. Five 
genera, namely Veillonella, Prevotella, Cutibacterium, Corynebacterium, 
and Streptococcus showed statistically significant abundancy differences 
in patients with sarcoidosis compared to the control group. These dif-
ferences suggest the existence of sarcoidosis-specific microbial profiles, 
which were noticeable in individual patient data but became more 
apparent when analyzing data from a group of patients. Data analysis 
found potential microbial markers. 

Monitoring the blood microbiome content allows for assessing 
sarcoidosis-related dysbiosis. Microbial dysbiosis can be marked by 
microbial species or genera that are either enriched or depleted due to 
disease. Recent metagenome analyses of BAL fluid [5,6,15] and tissue 
biopsy [12] have identified genera linked to microbial dysbiosis in lung 
disorders. The studies by Zimmermann et al. and Gupta et al. have 
provided valuable insights into the lung microbiome, studying BAL 
samples, associated with sarcoidosis [5,6]. Zimmermann et al. identified 
Atopobium and Fusobacterium as novel candidates for 
sarcoidosis-associated microbiota in the lung of the patients. On the 
other hand, Gupta et al. carried out a comparative analysis of the 

alveolar microbiome in various respiratory illnesses including sarcoid-
osis, revealing Actinobacteria and Proteobacteria to be significantly 
more abundant in sarcoidosis patients. In contrast, our blood micro-
biome results, showed a different profile in sarcoidosis patients. We 
observed a lower abundance of Actinobacteria and Proteobacteria, 
while Firmicutes were enriched. Our study validates the presence of 
such phyla both on an individual (Fig. 2) and group level (Fig. 4). Mi-
crobial alpha diversity was significantly higher in sarcoidosis blood 
samples compared to healthy individuals (Fig. 3A). The differences in 
microbial composition were supported by the increased beta diversity 
distance shown by PCoA (Fig. 3B). In sarcoidosis patients, enhanced 
bacterial abundance was associated with five genera - Veillonella, Pre-
votella, Cutibacterium, Corynebacterium, Streptococcus. Generally, identi-
fying the presence of microbes in blood through DNA analysis may result 
in DNAemia due to microbial DNA translocating through the intestinal 
barrier [49]. In our study, we eliminated microbial cell-free circulating 
DNAs in blood during the DNA extraction process by treating the lysed 
blood with DNase I and washing the pellet multiple times. This process 
leaves the microbial cells intact for further DNA extraction. The five 
genera consist of human commensal or symbiotic species, as well as 
pathogens or species with pathogenic potential. Among the five genera, 
Streptococcus species have the highest infectious potential, while the 
Cutibacterium spp. have the highest potential for granuloma formation. 

Cutibacterium acnes is a skin commensal, ubiquitously distributed 
among healthy individuals [5]. Cutibacterium acnes produces lipases 
which cause inflammation of the skin and other parts of the body [14, 
50–52]. Cutibacterium acnes has also been detected in granuloma tissue 
via immunohistochemistry and is believed to be involved in the patho-
genesis of sarcoidosis [7]. Gene homologies have been identified be-
tween C. acnes and other microbial species that have the potential to 
cause granuloma formation, such as Yersinia pseudotuberculosis and 
Mycobacterium spp., through bioinformatic comparative analysis [53]. 

Streptococcus spp. were identified in patients with sarcoidosis [5]. 
Among streptococci, S. pneumoniae and S. pyogenes are the most patho-
genic, but commensals with pathogenic potential have also been re-
ported. Studies suggest that certain Streptococcus strains can contribute 
to granuloma formation by activating the immune system. It has been 
found that Streptococcus spp. can activate the Toll-like receptors (TLRs) 
resulting in production of pro-inflammatory cytokines that may 
contribute to granuloma formation [54]. Streptococcus spp. are known to 
be involved in the metabolism of sugars and amino acids and may have a 

Fig. 3. Statistical comparison of the blood microbiomes. (A) Alpha diversity – median Shannon index in healthy control group and sarcoidosis group. (B) Cluster 
analysis of microbiome types calculated by principal coordinates analysis (PCoA), using Bray-Curtis beta diversity index, (abbreviations: C – controls, Sarc – 
sarcoidosis). 
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role in maintaining the balance of the blood microbiome [55]. 
Members of the Corynebacterium genus, particularly C. diphtheria, are 

lung pathogens that cause inflammation and trigger the immune 
response. Studies have indicated that Corynebacterium spp. can induce 
the formation granuloma by activating the NLRP3 inflammasome, 
which leads to the production of pro-inflammatory cytokines [56,57]. 
Streptococci and Corynebacteria are not commonly considered as etio-
logical agents of sarcoidosis, but rather as companion lung infections. 
This notion is supported by observed enriched abundance in lung dis-
eases other than sarcoidosis [5,6]). 

Prevotella spp. and Veillonella spp. are mostly commensal species that 
have been recognized as opportunistic pathogens associated with in-
ternal and oral infections. Both genera demonstrated enriched abun-
dance in BAL fluid of sarcoidosis patients [5,6]. Additionally, these 
genera have also been detected in the normal lung microbiota [58,59]. 
The role of Veillonella in granuloma formation is not yet fully under-
stood. However, Veillonella species produce lactic and other fatty acids, 

altering the local environment’s pH and causing an inflammatory 
response leading to granuloma formation. Certain species of Prevotella 
could be involved in sarcoidosis etiology through their contribution to 
granuloma formation by activating the immune system. Studies indicate 
that Prevotella species in the gut microbiome correlate with elevated 
pro-inflammatory cytokine levels [5,60,61]. Zimmerman et al. reported 
a disease-specific elevation of Atopobium and Fusobacterium genera in 
sarcoidosis patients [5]. This rise could be linked to unique reconfigu-
ration of lung microbiome, but not necessarily reflected in blood. 

The potential role of Veillonella, Prevotella, Cutibacterium, Coryne-
bacterium, and Streptococcus species in sarcoidosis etiology remains un-
known, and predicting their contribution is difficult. Bacteria can impact 
the host’s immune system through two primary mechanisms - allergic 
inflammation or granuloma formation pathways [7]. 

The 7 drug naïve patients were diagnosed for the first time and were 
not treated for sarcoidosis with anti-inflammatory drugs. They also 
confirmed not having received any corticosteroid drugs for asthma that 

Fig. 4. Heat-map illustrating individual differences in taxonomic composition between the sarcoidosis patients (Sarc1- Sarc7) and the healthy control group (C1- 
C22) based on Euclidean distance and Ward’s minimum variance method. 
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could potentially affect the composition of the microbiome. 
The presence of over 95% of human DNA in the samples may mask 

the microbial content during the library amplification steps despite 
treatment with DNase I and washing steps included in the protocol prior 
to microbial DNA extraction (Materials and Methods). The amount of 
the microbial DNA in blood was estimated to be less than 0.2% [62]. The 
study’s main limitation was the potential depletion of microbial DNA by 
human DNA. 

5. Conclusion 

Our study showed that Sankey and Krona diagrams can effectively 
illustrate the taxonomic diversity of blood microbiomes at the individual 
and group level. In our experience, the Sankey diagram is visually more 
intuitive and better suited for comparisons. Our approaches for visual-
izing metagenomic data provide practical value in diagnosing individual 
sarcoidosis cases and can be applied to studying rare lung diseases with 
limited access to large data sets. We observe an elevated abundance of 
five genera - Veillonella, Prevotella, Cutibacterium, Corynebacterium, and 
Streptococcus, but their roles in sarcoidosis and lung granuloma forma-
tion remain unclear. Additional research is mandatory to validate the 
outcomes and translate them into clinical practice. In the future, data-
bases containing metagenomic, clinical and demographic data of 
sarcoidosis patients and healthy controls would enable the identification 
of distinct markers and quantitative thresholds for more effective diag-
nostic techniques based on statistical analysis. 
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