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Abstract 

The purpose of this study is to provide novel information through Next Generation 

Sequencing (NGS) for the characterization of viral and bacterial RNA cargo of 

human sperm cells from healthy fertile donors. For this, RNA-seq raw data of 

poly(A) RNA from 12 sperm samples from fertile donors were aligned to 

microbiome databases using the GAIA software. Species of viruses and bacteria 

were quantified in Operational Taxonomic Units (OTU) and filtered by minimal 

expression level (>1% OTU in at least one sample). Mean expression values (and 

their standard deviation) of each species were estimated. A Hierarchical Cluster 

Analysis (HCA) and a Principal Component Analysis (PCA) were performed to 

detect common microbiome patterns among samples. Sixteen microbiome species, 

families, domains, and orders surpassed the established expression threshold. Of 

the 16 categories, nine corresponded to viruses (23.07% OTU) and seven to bacteria 

(2.77% OTU), among which the Herperviriales order and Escherichia coli were 

the most abundant, respectively. HCA and PCA displayed four clusters of samples 

with a differentiated microbiome fingerprint. This work represents a pilot study into 

the viruses and bacteria that make up the human sperm microbiome. Despite the 

high variability observed, some patterns of similarity among individuals were 

identified. Further NGS studies under standardized methodological procedures are 

necessary to achieve a deep knowledge of the semen microbiome and its 

implications in male fertility. 
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Introduction 

The microbiome is known as the collection of microorganisms that occupy a given niche. 

The presence of microbe communities has been detected in many organic hosts. In fact, 

the average number of bacteria in a human body (3.8 · 1013) is similar to the average 

number of human cells (3.0 · 1013) (Sender et al. 2016). Most human tissues host a 

microbiota composed of not only bacteria but also of other microorganisms such as 

viruses, protozoa, and fungi (Altmäe et al. 2019). Their existence is not trivial, since it is 

known that the microbiome has a vital influence on physiology, homeostasis and 

resistance to disease (D’Argenio and Salvatore 2015). 

Concerning the reproductive system, an association between their microbiome 

composition and human fertility has been stablished by some authors. Studies in women 

have revealed certain consistencies in the vaginal microbiome, being Lactobacillus the 

predominant bacterial genus (Mändar et al. 2015). Imbalances in this vaginal and uterine 

microbiome are associated with adverse pregnancy outcomes, infertility treatment failure, 

and irregular endometrial function (Koedooder et al. 2019). In men, specific microbiota 

has been detected in the genital tract (Koedooder et al. 2019). Further, studies focused on 

the seminal microbiome have revealed a relation between the microbiome composition 

and seminal quality, acrosome reaction and sperm DNA fragmentation. While the 

abundance of bacterial genus like Lactobacillus or Gardnerella show an association with 

fertility and good quality semen, others like Anaerococcus, Prevotella, Neisseria, 

Klebsiella, and Pseudomonas have been associated with infertility and seminal 

impairments (Hou et al. 2013; Liu et al. 2014; Weng et al. 2014; Mändar et al. 2017; Chen 

et al. 2018; Monteiro et al. 2018; Baud et al. 2019; Koedooder et al. 2019). Intriguingly, 

some authors have revealed that couples exhibit some kind of complementation between 

the semen and vagina microbiota (Mändar et al. 2015; Mändar et al. 2018). 



Several RNA-based techniques have been developed to characterize the human 

microbiota. Although amplification of the bacterial 16S rRNA has been the most 

recurrent strategy, the use of next-generation techniques has opened doors to more 

powerful and complete studies. In particular, the application of RNA-seq to sperm 

microbiome characterization is still incipient, both in human (Monteiro et al. 2018; 

Swanson et al. 2020), and in other mammal models (Gòdia et al. 2020). Therefore, there 

is a need for additional studies to determine the main characteristics of the sperm 

microbiome and its possible influence on male fertility. In fact, the coexistence of 

bacterial species and other microorganisms such as viruses in semen samples of fertile 

men is a matter of concern that awaits exploration.  

In this context, the present work represents a pilot study that provides a characterization 

of the bacterial and viral cargo of sperm samples detected in a population of healthy fertile 

donors through the analysis of non-human sperm poly(A) RNA-seq reads. 

Results 

All the analyzed sperm RNA samples fulfilled the requirements evaluated through the 

quality control analyses, indicating the absence of contamination of sperm DNA or 

DNA/RNA from non-sperm cells.  

From the total reads analyzed, 6.27% were aligned by the GAIA software 

(n=1,560,701.17) (Supplemental Table 1). Of them, a mean of 94.32% sequences 

aligned with the human database, 3.26% belonged to bacteria, 2.40% sequences 

corresponded to viruses, and 0.01% sequences matched with archaea. 

According to the RNA abundance level of each microbiome (expressed in percentage of 

Operational Taxonomic Units; OTU), a total of 16 elements (species, genera, families, 



orders, or domains) surpassed the threshold (>1% OTU in at least one sample; Table 1). 

Of these 16 categories, nine corresponded to viruses and seven to bacteria.  

The most prevalent groups of viruses, according to the amount of aligned RNA (highest 

mean percentage of OTU) referred to the Herpesviridae family and order (12.25% and 

5.04% respectively), the species Gallid alphaherpesvirus 2 (0.85%), the genus 

Roseolovirus (0.64%), Proteus phage VB PmiS-Isfahan (0.54%), Guanarito 

mammarenavirus (0.38%), Hepacivirus C (0.32%) and Bacillus phage Stitch (0.30%). 

Regarding bacteria, the species with the highest RNA quantification was Escherichia coli 

(0.46%), followed by a set of unknown species from the Enterobacteriaceae family 

(0.36%), Bacillum megaterium (0.36%), Cutibacterium acnes (0.28%), Staphylococcus 

simulans (0.23%) and Gardnerella vaginalis (0.13%). 

The hierarchical clustering of the samples (Figure 1A) revealed four main group 

distributions: Cluster 1 included samples 1-2, 4 and 10; Cluster 2 included samples 6-9; 

Cluster 3 included samples 5, 11 and 12 and finally, sample 3 was clustered apart and 

was categorized independently as Cluster 4. The Principal Component Analysis (PCA) 

of the data (Figure 1B) revealed a similar sample distribution when Principal Component 

1 (PC1) and Principal Component 2 (PC2) were represented. 

The mean percentage of OTU and standard deviation were estimated for each cluster. 

Table 2 contains these descriptive parameters corresponding to the 16 microbiome 

elements. In order to study the homogeneity and variability of each cluster, the number 

of samples that presented more than 1% OTU of the described species were identified 

and used to define the characteristics of the groups of samples (Figure 2). Cluster 1 

displayed a homogeneous presence of Herpesviridae (order and family) since they were 

detected in three out of the four samples. It also presented a set of unknown viruses and 

bacteria. Cluster 2 showed a very homogeneous profile as all samples presented 



Herpesvirales (family and order), Gallid alphaherpesvirus 2, and Roseolovirus, besides 

a fraction of unknown viruses. Cluster 3 displayed a heterogeneous profile since Proteus 

phage VB PmiS-Isfahan, Escherichia coli, Guanarito mammarenavirus, 

Enterobacteriaceae and Cutibacterium acnes were only detected in single samples. 

Finally, Cluster 4 (formed by one sample) displayed the presence of Bacillus megaterium, 

Bacillus phage Stitch, Cutibacterium acnes, Escherichia coli, Gallid alphaherpesvirus 2, 

Gardnerella vaginalis, Guanarito mammarenavirus, Hepacivirus C and Proteus phage 

VB PmiS-Isfahan. 

Discussion 

The influence of microbiome in fertility has been highlighted by many authors through 

the last decades. Nevertheless, although the microbial population of the female genital 

tract has been widely characterized, new studies are still needed to delve into the seminal 

and sperm microbiome. Knowing the physiological microbiome of semen is an additional 

step towards fully understanding its functions. Therefore, the results described in this 

article provide new data to a field that has been poorly explored up to now. 

The analysis of the whole transcriptome by RNA-seq has advantages and limitations over 

other common strategies such are those based on the identification of specific bacterial 

16S rRNA (Liu et al. 2014; Weng et al. 2014; Monteiro et al. 2018; Baud et al. 2019). A 

complete RNA-seq profiling of the microbiome allows a more in-depth characterization 

of the abundance of any species present in a given sample. Therefore, the analysis of the 

resulting amplicons is not limited to specific 16S rRNA files but can be compared with 

complete microbiome databases (e.g. GAIA in the present study) and lead to a more 

species-sensitive detection. Lastly, this technique provides the possibility of integrating 



the sequencing of bacterial and viral RNA from the same sample in a single assay, which 

avoids possible biases from the combination of different experimental procedures. 

As a limitation of the study, it should be mentioned that the RNA-seq library was 

constructed through poly(A) captured sequences. RNA-seq studies can be achieved by 

using a previous rRNA depletion or through a poly(A)-tail selection. As it is well known, 

both options entail some pros and cons, and both processes selectively omit distinct sets 

of RNAs. As commented before, by using this strategy we had assumed that, since 

polyadenylated transcripts represent only a fraction of the whole set of bacterial mRNAs 

(Sarkar 1997), only a specific portion of the transcriptome was taken into account in the 

analysis. 

In line with previous studies, we have identified high variability between samples 

regarding expression levels and species content, which suggests that variability could be 

considered as an inherent feature of the sperm microbiome. Many factors, such as diet, 

hygiene practices, geographic location, circumcision status (Tomaiuolo et al. 2020), 

abnormal seminal parameters (Chen et al. 2018; Monteiro et al. 2018) and even sexual 

intercourse (Hou et al. 2013; Mändar et al. 2018), have been associated with changes in 

the bacterial semen profile, leading to variability among samples. Nevertheless, we 

cannot rule out the possibility that the reported differences could instead be related to 

methodological differences. For instance, since the pH and the molecular composition of 

seminal fluid favor microorganismal growth, it is crucial to collect, store and manipulate 

semen samples under specific and uniform conditions. Otherwise, some differences could 

be attributable to bacterial contamination and growth rather than a real variation in the 

‘physiological’ sample’s microbiome. Moreover, in a comparison between studies, the 

sample treatments employed to isolate the analyzed fraction should also be considered. 

In this sense, while some articles analyzed the total semen fraction without a 



centrifugation step (Hou et al. 2013; Chen et al. 2018; Baud et al. 2019). In other studies, 

samples were centrifuged to yield either the cell fraction (Weng et al. 2014; Mändar et al. 

2017; Monteiro et al. 2018; Swanson et al. 2020) or the seminal fluid (Liu et al. 2015). 

Nevertheless, in these cases, neither the centrifugal force nor the time of centrifugation 

were comparable between studies, which represents another possible source of variation 

in the obtained outcomes.  

In our series of results, even though all samples were collected from donors who satisfied 

a pre-stablished and well-defined list of inclusion criteria (see Materials and methods), 

and despite the fact that samples were collected, stored, and manipulated following the 

exact same procedure, the sperm microbiome profiles displayed certain differences. 

Nevertheless, it is important to highlight that all the identified bacteria have been 

described in other seminal microbiome characterization studies: Escherichia coli 

(Weidner et al. 1991; Kiessling et al. 2008; Hou et al. 2013; Weng et al. 2014; Swanson 

et al. 2020), Bacillus (Swanson et al. 2020), Cutibacterium (Swanson et al. 2020), 

Staphylococcus (Weidner et al. 1991; Kiessling et al. 2008; Hou et al. 2013; Weng et al. 

2014; Swanson et al. 2020) and Gardnerella (Weng et al. 2014; Mändar et al. 2015; 

Mändar et al. 2017). The high prevalence of Lactobacillus in other semen studies 

(Kiessling et al. 2008; Hou et al. 2013; Weng et al. 2014), which has been previously 

associated with a good sperm quality (Farahani et al. 2020), stands out its absence in the 

present results. As indicated in the previous paragraph, controversial findings between 

studies may be influenced by differences in sample obtainments, treatments, and 

analyses. Regarding the viruses, although Herpesviridae and Hepacivirus have also been 

identified in seminal fluid before (Salam and Horby 2017), other viruses such as 

Guanarito mammarenavirus, and the phages Proteus phage VB PmiS-Isfahan and 

Bacillus phage Stitch have been detected in this study for the first time. When we 



analyzed if the corresponding host bacteria described for these two phages (Proteus 

mirabilis and Bacillus thuringiensis, respectively) were present in the sperm bacterial 

cargo, we realized that they were not. We believe that these results can be explained by 

two not mutually exclusive facts. Firstly, a poly(A) transcript capture has been used when 

constructing our libraries. Poly(A) is associated with only 2-60% of the molecules of a 

given mRNA species (Sarkar 1997). In this sense, the absence of a certain transcript could 

either be attributed to a lack of expression (real absence) or a missing detection. Secondly, 

despite current models define most phages as host-specific, the use of more sophisticated 

analysis in this area has started emerging doubts regarding such a paradigm (Ross et al. 

2016; de Jonge et al. 2019). That is, the use of less direct methods of analysis has allowed 

considering that the currently stablished "host range" could be wider for some phages. 

Finally, in five individuals we have also identified the presence of the Gallid 

alphaherpesvirus 2, a virus that affects poultry health (also known as Marek's disease 

virus). Although such finding might seem surprising at first, the presence of this chicken 

virus in human sera has been already described in previously published studies (Laurent 

et al. 2001). In fact, zoonosis events appear to be especially common among herpesvirus 

(Tischer and Osterrieder 2010). This order has been observed to potentially infect almost 

all animal species (insects, fish, mollusks, reptiles, birds, and mammals including 

humans), and its components share several properties that potentially make them capable 

of crossing species barriers (Woźniakowski and Samorek-Salamonowicz 2015). 

Nevertheless, there are also controversial data about this topic in the literature (Hennig et 

al. 2003). We believe that more studies in this area will eventually help to clarify the 

potential threat that represent these zoonotic infections. 

Our study has also allowed identifying some specific profiles through hierarchical cluster 

analysis. The presence of microbiome clusters in sperm samples has been described 



before (Hou et al. 2013; Weng et al. 2014) suggesting that, despite the existence of 

individual differences, some sperm samples tend to share a common microbiome profile. 

In this case, Cluster 1 displayed a predominant presence of Herpesvirus, a sexually 

transmitted agent that can be found in the male genital tract and in seminal samples, 

mainly during herpes recurrences (Dejucq and Jégou 2001). Cluster 2, despite also 

containing a strong Herpesvirus presence (including Gallid alphaherpesvirus 2), showed 

a generally low bacterial composition. In its turn, Cluster 3 contained a higher variability 

of both bacteria and viruses. Cutibacterium acnes is a bacillus typically found in human 

skin or the digestive tract (Dréno et al. 2018). The phage VB PmiS-Isfahan was 

characterized by Yazdi et al. as an active agent against the bacterium Proteus mirabilis, 

one of the most common causes of complicated urinary tract infections (Yazdi et al. 

2019). Guanarito mammarenavirus is the source of the Venezuelan hemorrhagic fever, a 

zoonotic human illness (Tesh et al. 1994). Lastly, Cluster 4 contained a wider range of 

bacterial and viral species. Among them, the presence of Gardnerella vaginalis may be 

indicative of a bidirectional microbiome transmission occasioned by sexual intercourse 

(Mändar et al. 2015). Besides, the presence of Gardnerella in semen samples has been 

associated to normal sperm parameters (Weng et al. 2014). Nevertheless, it is necessary 

to keep into account that the abundance of species in Cluster 4 could be due to an 

overrepresentation given by the lack of more samples in this group.  

All in all, we cannot rule out the fact that the size of the population is a limitation of the 

study. Our results come from a homogeneous population that fulfilled all requirements 

established in the study design. These strict criteria were intended to guarantee the proven 

fertility of the whole cohort and thus the “normality” of the analyzed sperm microbiome. 

Therefore, our work must be considered as a pilot study that provides new information 

for the characterization of viral and bacterial RNA cargo of human sperm cells. This will 



be a starting point for further studies to start focusing on how alterations in the 

composition of this community of microorganisms could eventually modify the 

reproductive capacity of individuals. We believe that further studies in groups of patients 

selected for presenting different reproductive handicaps of idiopathic etiology should be 

of great interest in order to assess the microbiome impact in their fertility hindrances. 

From all these compiled data, it becomes evident that the influence of the semen 

microbiome on male fertility requires additional work. Further studies must be performed 

under standardized criteria of sample procurement, manipulation, and analysis with two 

main objectives: first, to define the physiological microbiome of semen samples; and 

second, to figure out the different fingerprints that can be discerned in different human 

populations and their implications in reproductive health. 

Materials and methods  

Sample collection and processing 

Raw sperm RNA-seq data were selected from a previous publication of our group (Corral-

Vazquez et al. 2021) (NCBI BioProject accession number of the raw data: 

PRJNA573604). These data were obtained from a cohort of 12 fertile normozoospermic 

donors with proven fertility, normal karyotypes, no previous exposure to any genotoxic 

agent, and no history of chemotherapy, radiotherapy, or chronic illness. Their average age 

was 24.08 years (range: 19–31 years).  

Briefly, semen samples were collected from the donors by masturbation after 3-7 days of 

sexual abstinence, and were centrifuged at 2500 X g for 10 min. The cell fraction was 

incubated in a lysis buffer (0.1% Sodium Dodecyl Sulfate and 0.5% Triton X-100 in 

milliQ water) in order to lysate those possible somatic cells present in the ejaculate 

(Goodrich et al. 2007). This was further verified by optical microscopic examination. 



Afterwards, sperm samples were subjected to RNA extraction, and several quality 

controls were performed: RNA purity was assessed (full-spectrum UV-Vis spectro-

photometer NanoDrop© 2000, Thermo Fisher Scientific); the size distribution of the 

isolated RNA molecules was evaluated (RNA 6000 Pico chip and the Agilent DNA High 

Sensitivity Bioanalyzer, Thermo Fisher Scientific); and the absence of RNA from non-

sperm cells was verified by checking that no peaks corresponding to 28S and 18S rRNAs 

were present. Finally, by performing RT-PCR for PRM1, GAPDH, and CDH1 genes 

(High-Capacity cDNA Reverse Transcription kit, Thermo Fisher) we confirmed the lack 

of RNA from somatic or germs cells as well as the absence of DNA contamination. 

RNA sequencing 

The Universal Plus mRNAseq with the NuQuant kit (NuGEN) was used to construct 

cDNA libraries with an initial poly(A) RNA selection. Libraries were sequenced in 

paired-end 125 bp mode using the HiSeq 2500 platform (Illumina). The Bcl2Fastq 2.0.2 

version of the Illumina pipeline was used to produce raw data and to perform de-

multiplexing. The raw sequencing data were deposited in NCBI BioProject under 

accession number PRJNA573604. 

Data analysis and statistics 

The quality of the raw reads was assessed with FASTQC v.0.11.8, and then trimming and 

clipping were performed using BBDuk by setting a minimum base quality of 1 and a 

minimum read length of 35 bp. The obtained reads were aligned to the microbiome 

genome and transcriptome and analyzed using the GAIA software 

(www.metagenomics.cloud) (Paytuví et al. 2019). For this purpose, several databases 

were employed: Metatranscriptomics (16S, 18S and Internal Transcribed Spacer); 



Prokaryotes (Whole Genome Sequencing [WGS] and Whole Transcriptome Sequencing 

[WTS], release 2020); and Viruses (WGS and WTS, release 2020). The Human WGS 

and WTS databases (release 2020) were used to filter out human-specific reads. Species 

were identified and classified in any of the non-eukaryote databases according to the 

alignment analysis. When this alignment did not allow identification of an organism to 

the taxonomic rank of species, the detected features were classified into less specific 

ranks: genus, families, orders, or domains. The RNA abundance levels of each 

microbiome element were expressed in percentage of Operational Taxonomic Unit 

(OTU). The percentages of OTU were calculated by dividing the quantified reads of the 

microbiome element by the total number of reads in its taxonomic rank. Therefore, the 

different identified species were comparable with each other, and also the different genus, 

families, etc. 

Subsequent statistical analyses were performed using the R statistical program in RStudio 

(RStudio Team 2015). Based on previous empirical testing and professional advice, the 

identified microbial species were filtered to remove possible background amplifications, 

so a threshold of 1% OTU in at least one sample was established. To identify possible 

differentiated microbiome patterns among the samples, a Hierarchical Cluster Analysis 

(HCA) (Ward method) and a PCA were performed. For the total population and for each 

cluster individually, the mean percentage of OTU, the standard deviation, and the number 

of samples with more than 1% OTU were estimated. 
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Figure Captions 

Figure 1. Sample homogeneity analysis based on their microbiome profile. 

A) Dendrogram of the hierarchical clustering of the samples based on the OTU 

(Operational Taxonomic Unit) profiles of the identified species. Y-axis of the dendrogram 

represents the Euclidean distance between clusters.  

B) Principal Component Analysis (PCA) of the samples based on the OTU profiles of the 

identified species. Principal Component 1 (PC1) refers to the first dimension of the 

analysis (X axis of the PCA) and Principal Component 2 (PC2) represents the second 

dimension (Y axis of the PCA). 

 

  



Figure 2. Microbiome profiling of the samples included in each cluster 

Species present in the microbiome of each sample displaying a minimum OTU 

(Operational Taxonomic Unit) of 1% that allow visualizing the similarities in the 

composition of each cluster. 

o = order; f = family; g = genus; s = species. 

 

 

 

 

 

  



Supplemental Material Captions  

Supplemental Table 1. Number and percentage of reads corresponding to each 

sample before GAIA alignment, and after their aligning to the corresponding 

taxonomic lineage. 

  



Table 1. RNA abundance of the 16 Operational Taxonomic Units (OTU) detected 

in the 12 analysed sperm RNA samples (S). 
  S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 Mean SD 
Database OTU %OTU  %OTU %OTU %OTU %OTU %OTU %OTU %OTU %OTU %OTU %OTU %OTU %OTU %OTU 

Virus 
Unknown 
Herpesvirales (o) 

20.27 13.11 0.24 3.33 0.01 40.68 36.48 23.18 9.6 0.15 0 0 12.25 14.79 

Virus 
Unknown 
Herpesviridae (f) 

5.59 3.26 2.38 4.09 0 10.13 7.96 5.27 21.61 0.18 0 0 5.04 6.18 

Virus Unknown Viruses (d) 4.57 3.44 2.48 2.15 0.09 11.75 3.47 1.75 2.89 0.34 0.01 0.07 2.75 3.22 

Prokaryote 
Unknown Bacteria 
(d) 

1.64 1.26 4.04 1.53 0.16 0.33 0.92 0.21 0.79 0.47 0.02 0.04 0.95 1.13 

Virus 
Gallid 
alphaherpesvirus 2 
(s) 

1.37 0.87 0.17 0.35 0 2.84 1.93 1.34 1.36 0.02 0 0 0.85 0.93 

Virus 
Unknown 
Roseolovirus (g) 

0.97 0.52 0.02 0.35 0 2.08 1.64 1.06 1.1 0 0 0 0.64 0.72 

Virus 
Proteus phage VB 
PmiS-Isfahan (s) 

0.2 0.35 2.89 0.09 1.52 0.17 0.16 0.47 0.18 0 0.17 0.31 0.54 0.84 

Prokaryote Escherichia coli (s) 2.17 0.14 0.45 0.18 2.19 0.04 0.11 0.11 0.12 0.02 0 0.01 0.46 0.81 

Virus 
Guanarito 
mammarenavirus (s) 

0.16 0.22 0.49 0.11 0.22 0.04 0.09 0.12 0.46 0 1.81 0.86 0.38 0.51 

Prokaryote 
Unknown 
Enterobacteriaceae 
(f) 

0.01 0 0.09 0.03 4.09 0.01 0 0.04 0.02 0 0.01 0.01 0.36 1.18 

Prokaryote 
Bacillus megaterium 
(s) 

0.84 0.56 1.7 0.32 0.04 0.08 0.32 0.06 0.21 0.13 0 0 0.36 0.49 

Virus Hepacivirus C (s) 0.56 0.44 1.34 0.54 0.03 0.11 0.33 0.12 0.28 0.08 0 0 0.32 0.38 

Virus 
Bacillus phage Stitch 
(s) 

0.53 0.33 1.41 0.55 0.03 0.08 0.19 0.08 0.3 0.07 0 0 0.3 0.4 

Prokaryote 
Cutibacterium acnes 
(s) 

0.27 0.11 0.08 0.01 0.01 0.47 0.06 0.09 0 0.02 0.46 1.83 0.28 0.52 

Prokaryote 
Staphylococcus 
simulans (s) 

0.41 0.4 1.05 0.29 0.06 0.05 0.22 0.09 0.13 0.08 0 0 0.23 0.29 

Prokaryote 
Gardnerella vaginalis 
(s) 

0 0 1.49 0 0 0 0 0 0 0 0.02 0.01 0.13 0.43 

 

Abundance is expressed in percentages (%) of OTU. The mean and standard deviation 

(SD) of the % OTU are indicated. 

o = order; f = family; g = genus; s = species. 

  



Table 2. RNA abundance of the 16 Operational Taxonomic Units (OTU) detected 

in each sample cluster. 

 Cluster 1 Cluster 2 Cluster 3 Cluster 4 Total 

Sample Mean SD Mean SD Mean SD Mean Mean SD 

Unknown Herpesvirales (o) 9.21 9.21 27.49 14.06 0.00 0.00 0.17 12.25 14.79 

Unknown Herpesviridae (f) 3.28 2.28 11.24 7.19 0.00 0.00 0.09 5.04 6.18 

Unknown Viruses 2.63 1.81 4.97 4.58 0.06 0.05 0.02 2.75 3.22 

Unknown Bacteria 1.23 0.53 0.56 0.34 0.07 0.08 0.24 0.95 1.13 

Gallid alphaherpesvirus2 (s) 0.65 0.59 1.87 0.70 0.00 0.00 1.70 0.85 0.93 

unkn. Roseolovirus (g) 0.46 0.40 1.47 0.49 0.00 0.00 0.08 0.64 0.72 

Proteus phage VB PmiS-Isfahan (s) 0.16 0.15 0.24 0.15 0.66 0.74 1.05 0.54 0.84 

Escherichia coli (s) 0.63 1.03 0.10 0.03 0.73 1.26 2.38 0.46 0.81 

Guanarito mammarenavirus (s) 0.12 0.09 0.18 0.19 0.97 0.80 1.41 0.38 0.51 

unkn. Enterobacteriaceae (f) 0.01 0.01 0.02 0.02 1.37 2.36 0.45 0.36 1.18 

Bacillus megaterium (s) 0.46 0.31 0.17 0.12 0.01 0.02 4.04 0.36 0.49 

Hepacivirus C (s) 0.40 0.22 0.21 0.11 0.01 0.02 1.34 0.32 0.38 

Bacillus phage Stitch (s) 0.37 0.22 0.16 0.10 0.01 0.02 2.89 0.30 0.40 

Cutibacterium acnes (s) 0.10 0.12 0.16 0.21 0.77 0.95 2.48 0.28 0.52 

Staphylococcus simulans (s) 0.29 0.15 0.12 0.07 0.02 0.04 0.49 0.23 0.29 

Gardnerella vaginalis (s) 0.00 0.00 0.00 0.00 0.01 0.01 1.49 0.13 0.43 

Mean and standard deviation (SD) of the RNA abundance (expressed in percentages of 

OTU) are displayed.  

o = order; f = family; g = genus; s = species. 

 

 


