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ABSTRACT
Growing evidence suggests that metavirome changes could be associated increased risk for malignant 
cell transformation. Considering Viruses have been proposed as factors for prostate cancer induction. The 
objective of this study was to examine the composition of the plasma metavirome of patients with 
prostate cancer. Blood samples were obtained from 49 male patients with primary prostate adenocarci-
noma. Thirty blood donors were included as a control group. The obtained next-generation sequencing 
data were analyzed using a bioinformatic pipeline for virus metagenomics. Viral reads with higher 
abundance were assembled in contigs and analyzed taxonomically. Viral agents of interest were also 
confirmed by qPCR. Anelloviruses and the Human Pegivirus-1 (HPgV-1) were the most abundant compo-
nent of plasma metavirome. Clinically important viruses like hepatitis C virus (HCV), cytomegalovirus and 
human adenovirus type C were also identified. In comparison, the blood donor virome was exclusively 
composed of torque teno virus types (TTV) types. The performed HPgV-1 and HCV phylogeny revealed 
that these viruses belong to commonly detected in Brazil genotypes. Our study sheds light on the plasma 
viral abundance in patients with prostatic cancer. The obtained viral diversity allowed us to separate the 
patients and controls, probably suggesting that malignant processes may influence virome composition. 
More complex and multiple approach investigations are necessary to examine the likely causal relation-
ship between metavirome and its nvolvement in prostate cancer.
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Introduction

Prostate cancer is the most common malignancy among male 
individuals and the second most commonly diagnosed type of 
cancer, placing this oncologic disease as a leading cause of 
death worldwide. Recent estimates assign more than a million 
of newly diagnosed cases and an annual death toll rate of 
300,000 cases. Future prognoses are not optimistic as they 
calculate more than 2 million new cases and ~ 700 thousand 
deaths in 2040.1 Prostate carcinogenesis is a process of high 
complexity, where chronic intra-prostatic inflammation signif-
icantly impacts the malignant transformation of the prostatic 
tissues in addition to other well-established etiologic factors 
like older age, African origin and family history.1,2 Chronic 
inflammation, when caused by viral infections, has also been 
suggested3 as a factor contributing to malignant prostatic 
transformation. Additionally, overexpression of genes, related 
to inflammation and immune responses including COX-2, 
RNASEL and TRL4 have been correlated to risk of prostate 

malignant processes, suggesting that the interplay between 
infection and immune activation may lead to prostate cancer 
development.4

Persistent viral infections especially caused by herpesviruses 
(human cytomegalovirus, CMV; Epstein Barr virus, EBV; 
Human herpesvirus-8, HHV-8) and human papillomaviruses 
(HPV) have already been suggested as possible factors for 
malignant transformation of prostate cells. For example, infec-
tious mononucleosis caused by EBV has been correlated to 
increased PSA levels, observed in patients with prostate 
cancer.5 Additionally, virus-specific proteins involved in viral 
replication may interact with cellular proteins that control the 
cell cycle, thus altering the cellular proliferative capacity and 
participating in the malignant transformation of the prostate 
tissues.6 Another suggested mechanism that is also involved in 
malignant transformation of the cells includes integration of 
viral genes into the host genome and its disruption.7 Genetic 
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material of different viral agents has also been directly detected 
in cancerous prostate tissues by molecular methods.8,9

Recent surveys are consistent that changes in the virome 
composition have been tightly related to malignant 
processes.10,11 In several types of oncologic diseases, i.e. gastric, 
lung, hematologic and gynecological malignancies, the invol-
vement of microbiome changes in relation to these malignant 
processes has been largely discussed.12–15 Indeed, the next- 
generation sequencing (NGS) and viral metagenomics are the 
most powerful tools to describe the viral composition and its 
changes of a wide variety of samples including clinical ones.16

To our knowledge, there are no studies which evaluate the 
blood virome in patients with prostate cancer. In an attempt to 
characterize the virome composition in plasma samples 
obtained from patients with prostate cancer, we applied NGS 
and viral metagenomic analysis to get a deeper insight into the 
viral abundance of plasma samples from patients with this 
oncologic disease. We also evaluated by direct molecular detec-
tion some characteristics of the most abundant in viral reads 
infections (genotypes, amplification threshold) that were iden-
tified among patients with prostate cancer.

Materials and methods

Clinical samples and patients

In this study, we included all patients who were diagnosed with 
prostate cancer for the period between November 2020 and 
June 2021 and were naïve to chemotherapy or radiological 
treatment. Forty-nine blood samples were collected from the 
same number of patients from the Erasto Gaertner Hospital in 
the city of Curitiba, state of Parana, Brazil. All the individuals 
were informed about the study and signed a written informed 
consent when they agreed to participate. The study was 
approved ethically under the following number CAEE 
36.931.020.91001.0098. Additionally, in this study we included 
a control group of 30 blood donors, who were all eligible for 
blood donation. The blood donor samples were obtained 
between July-September, 2020 from the Blood Center of 
Ribeirão Preto, São Paulo State, Southeast Brazil, located in 
a similar geographic area. After blood collection, the plasma 
was separated from the cellular component by low-speed cen-
trifugation (3,000 rpm for 5 min) and stored under −80ºC until 
used for the virome analyses.

Sample pre-preparation, nucleic acids extraction and NGS 
sequencing

Initially, 600 μL of plasma was pre-treated with Turbo 
DNAse (ThermoFisher Scientific) for host/bacterial DNA 
removal. After DNAse inactivation, five individual plasma 
samples (one pool was prepared with six plasmas) were 
assembled in pools. The blood donor pools were composed 
of 10 plasma samples. The pooling of samples was adopted 
in order to reduce the cost of the sequencing and test all 
collected samples by viral metagenomics. Nucleic acids were 
extracted from the total pool volume using the High Pure 
Viral Nucleic Acid Large Volume Kit (Roche) with minor 
modifications, i.e. the use of GenElute Linear Polyacrylamide 

carrier (LPA) (Merck) for nucleic acid concentration and 
isopropanol for precipitation. After extraction, nucleic acids 
were recovered in 50 µl of pre-heated to 70°C volume nucle-
ase-free water. Five µl of extracted nucleic acids were sub-
mitted to reverse transcription using the Superscript III 
First-Strand Synthesis System (ThermoFisher Scientific). 
The amplification of the cDNA was performed using the 
QuantiTect Whole Transcriptome Kit (QIAGEN). The 
sequence libraries were prepared using the DNA Prep 
Library Preparation Kit (Illumina) and Nextera DNA CD 
Indexes using 500 ng of amplified product for tagmentation. 
The pair-end sequencing of the dual-indexed libraries was 
performed by Illumina NextSeq 2000 sequencing platform 
using the NextSeq P3 flowcell (300 cycles) (Illumina), follow-
ing the manufacturer’s instructions.

Bioinformatic processing of the raw sequencing data and 
taxonomic classification of viral reads

The obtained raw sequence data were submitted to quality 
control analysis using FastQC v.0.11.8 software. Trimming 
and adapter removal were performed applying TrimGalore 
v.0.6.6 and Fastp v.0.23.1 in order to select the best quality 
reads and free of adapters. For the metagenomic analysis, 
we used only reads with >30 of quality score. For virome 
taxonomic classification, we used the Kraken2 v.2.0.8 with 
the application of the genomic minikraken2 bank. Kraken2 
was also used to subtract the human, bacterial and para-
sitic reads, which were excluded from the further analysis. 
De novo” assembly was performed using SPAdes v.3.13.0 
to generate viral contigs. Finally, to perform taxonomic 
classification based on protein identity, we applied Blastx 
as implied by the Diamond v.0.9.29 software. This pipeline 
was also applied for contaminant and artifact screening 
which were removed after the BlastX step.

Analysis of the viral diversity

The abundance of the viral communities was estimated based 
on a normalized number of read counts obtained during the 
sequencing. The normalization values of each sample were 
obtained by the multiplication of the raw read number by 
a specific factor that was calculated by the division of the 
number of trimmed reads of the sample with the lowest read 
number by the trimmed read number of the sample of 
interest. The analysis was performed using taxa which were 
represented by up to three normalized reads. The normalized 
sequence data was analyzed by two forms: using the complete 
sequencing dataset and a manually curated subset. For man-
ual data curation, viruses that do not cause human infec-
tions, phages and artifacts were manually removed from the 
Kraken2 results. Additionally, the Kraken2 outputs were 
transformed to biom tables using Kraken-biom and then, in 
R programming environment, we used the package phyloseq 
to calculate and plot the Shannon and Simpson indices of 
diversity; ggplot2, heatmap2 and factorextra packages were 
also used for plotting data.
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Phylogenetic analysis

Phylogenetic analysis was performed using a dataset of com-
plete genomes which were obtained from the NCBI (National 
Center for Biotechnology Information, https://www.ncbi.nlm. 
nih.gov/). The alignment was performed using MAFFT v.7.429 
(automatic), and the phylogenetic signal was evaluated using 
the Tree Puzzle v.5.2 program. To reconstruct the phylogenetic 
history of the identified viruses, we used the IQ-TREE v.18 
applying the approximate maximum likelihood method with 
a statistical support of ultrafast bootstrap with 1,000 replicates. 
The phylogenetic tree was visualized and edited in FigTree 
v.1.4.4 v. software.

Direct detection of viral pathogens

We performed direct confirmation of two viral pathogens which 
were identified by metagenomic analysis, i.e. Human Pegivirus-1 
(HPgV-1) and the hepatitis C virus (HCV). The detection of 
HPgV-2 RNA was performed using primers and probes available 
in the literature.17 In brief, in this reaction were applied the 
forward (5´-GGCGACCGGCCAAAA-3´) and reverse (5´- 
CTTAAGACCCACCTATAGTGGCTAC-3´) primers in con-
centrations of 600 nM and 200 nM of the probe (FAM-5 
´-TGACCGGGATTTACGACCTACCAACCCT-3´-TAMRA) 
in a final volume of 20 μL. The reaction was performed using 
GoTaq Probe 1-Step RT Master Mix (Promega) in QuantStudio 
6 Flex (ThermoFisher Scientific) cycler under the following 
conditions: initial step of reverse transcription at 40°C for 40  
min, followed by denaturation at 95°C for 2 min and 40 cycles 
consisting of denaturation at 95°C for 15 min and one step of 
annealing and extension at 60°C for 1 min. The detection of 
HCV RNA was performed using the kit NAT HIV/HCV/HBV 
(BioManguinhos, Rio de Janeiro, Brazil) following the manufac-
turer’s instructions. The cycling conditions of the reaction were: 
initial reverse transcription step at 51°C for 30 min, denaturation 
at 95°C for 10 min and 50 cycles consisting of denaturation at 
95°C for 0:30 sec and a combined annealing and elongation step 
at 60°C for 1 min. The reactions were performed in the same 
equipment used for the testing of HPgV-1 RNA.

Serological testing for HCV IgG antibodies

The detection of HCV IgG antibodies was performed using the 
Architect anti-HCV reagent kit (Abbot) following the manu-
facturers’ instructions. The testing for anti-HCV IgG antibo-
dies was performed in the Laboratory of Serology, Blood 
Center of Ribeirão Preto adhering strictly to all measures 
related to routine HCV antibody detection.

Statistical analysis

Groups of patients with prostate cancer were compared using 
the unpaired Kruskal–Wallis test. P-values of <0.05 were con-
sidered as significant.

Results

Patient demographics and clinics

The average age of the patients included in this study was 70  
years (range 49–84 years of age) and all of them declared 
themselves as Caucasians. Median total of the prostate- 
specific antigen (PSA) level was 10.25 ng/mL and interquartile 
range, IQR was 14.86 ng/mL. The mean body mass index 
(BMI) was 27.1 (IQR 14.9). All patients were diagnosed with 
primary prostate adenocarcinoma. In five of them, the cancer 
was metastatic (n = 5/49, 10.2%). The tumor grade distribution 
according to ISUP (International Society of Urological 
Pathology) classification was: grade 1 n = 13 (29.5%); grade 2, 
n = 6 (13.6%); grade 3, n = 9 (20.5%); grade 4, n = 10 (22.7%) 
and grade 5, n = 6 (13.6%). Kruskal–Wallis tests showed no 
significant differences in BMI (p = .237), PSA (p = .199) and 
age (p = .695) among the pools of patients’ samples and, there-
fore, we assembled them randomly. The control group con-
sisted of blood donors with gender distribution as follows: 60% 
female and 40% male blood donors with a mean age of 38 years. 
All of them were negative for the routinely tested blood-borne 
infections and eligible for blood donation.

Sequencing characteristics of the analyzed samples

The performed NGS on pools of patients with prostate cancer 
generated a median of 84, 062, 683 total reads. The quantitative 
characteristics of the NGS after trimming and retrieving the 
bacterial and human reads are shown in Table 1. The median 
number of viral reads for all pools was 4558 (0.005% of the total 
number of reads). The controls generated a median of 79,043, 
896 reads and as viral reads were classified a median of 159,022 
reads (0.2%). Considering the non-curated viral data, we cal-
culated the Shannon and Simpson indexes of alpha abundance 
(Figure 1). All samples (with the exception of pool 3) were 
relatively similar in virus abundance level and representativity 
of the natural occurrence of the identified viral infections 
among the evaluated population. We observed that both 
Shannon and Simpson indexes for pool 3 showed lower values 
related to low abundance levels. In this relation, pool 3 showed 
the presence of only three predominant viral genera. All other 
samples had similar values for the Simpson index, and for the 
Shannon index we observed slightly low levels for the controls. 

Table 1. Quantitative representation of the obtained reads from the plasma samples from patients with primary prostatic adenocarcinoma.

Pool number Total read number Reads after trimming Unclassified reads Human reads Bacterial reads Viral reads

Pool 1 48,907,102 47,905,702 13,148,382 34,756,734 36,004 586
Pool 2 88,341,428 86,320,012 27,755,645 58,487,186 77,181 1529
Pool 3 86,608,503 85,432,732 26,841,137 58,458,464 117,301 15,830
Pool 4 73,195,695 72,123,014 23,878,691 48,122,508 116,380 5435
Pool 5 95,344,714 92,567,178 23,916,641 68,577,243 71470 1824
Pool 6 89,458,829 87,236,711 26,915,870 60,219,091 99,841 1909
Pool 7 106,582,509 104,329,431 27,611,692 76,634,095 81,881 1763
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The controls showed a reduced number of virus genera and 
also read number that could explain the lower values of the 
Shannon index. The viral general abundance is shown in 
Figure 2.

Viral abundance

The obtained viral abundance by species is shown by 
a heatmap in Figure 3. This data allowed us to cluster the 
patients and the controls as separate groups. In addition to 
this, we build a principal component analysis (PCA) plot that 
also showed that each formed group has a similar variability 
pattern (Figure 4). In order to examine in more detail the 
human viruses among patients with prostate cancer, we 
curated the total abundance virome. In Figure 5 is shown the 
curated virome of patients with prostate cancer and controls 
containing viruses that cause human infection. It showed the 
extensive presence of commensal viruses (mainly anelloviurses 
and HPgV-1) (Figure 5 a,b). Indeed, the most abundant anel-
loviruses throughout all pools were the torque teno viruses 
(TTV) with the most abundant species TTV-15, 16 and espe-
cially TTV-22. HPgV-1 was another commensal virus detected 
with expressive read abundance in pool 3 (Figure 5a, b). The 
high HPgV-1 read abundance of allowed the assembly of 
complete viral genome. Interestingly, we were also able to 
identify Torque teno midi virus 9 (TTMDV-9) in pool 4 
(Figure 5a, b) which is also a commensal anellovirus but 
diverges from the TTV group. Importantly, human pathogenic 
viral agents were also detected in patients with prostate cancer. 
In pool 2 (Figure 5a) we detected a number of HCV reads 
which were further assembled in 422 bp contig which was 
phylogenetically characterized. We also detected a low number 
of CMV reads in pools 1 and 7 and reads characterized as 
human adenovirus type C in pool 3 (Figure 5 a, b). In the 

controls, we detected exclusively the presence of commensal 
viruses and will low abundance as shown in Figure 5. The most 
abundant viruses among blood donors were TTV of the types 
10, 12, 16 and 22 as well as TTMV-1 and 5.

Phylogenetic analysis

From the generated HCV and HPgV-1 contigs obtained from 
patients with prostate cancer, we reconstructed phylogenetic 
trees. The HCV phylogenetic analysis with a representative data-
set containing 867 reference genomes showed that it belongs to 
the 1b subgenotype (Figure 6a). We also reconstructed the 
phylogenetic history of HPgV-1 using a dataset of 66 reference 
genomes of the genotypes 1 to 5. Our results demonstrated that 
HPgV-1 was classified as genotype 2, subgenotype 2b, which is 
the most prevalent worldwide (Figure 6b).

Molecular confirmation of HCV and HPgV-1 RNA in 
individual samples

We additionally performed a direct molecular confirmation of 
HPgV-1 and HCV RNA in the individual plasma samples 
which composed each pool of patients with prostate cancer. 
In the pool with a high number of HPgV-1 reads (pool 3), 
HPgV-1 RNA was detected in only one patient with 75 years of 
age and PSA values 49 ng/mL (normal values for patients 
between 70 and 79 years between 0.0 and 5.5). The HPgV-1 
infection showed Ct = 25.3 (threshold = 0.1) that was probably 
related to high viral load. Furthermore, HCV detection was 
performed both serologically and molecularly. The HCV- 
positive patient was an older individual of 70 years of age and 
PSA value of 3.72 ng/mL. The serological anti-HCV IgG detec-
tion showed a high optical density (cutoff value 0.760; sample 
optical density >3000). The detection of HCV RNA showed 

Figure 1. Scatterplot of Shannon and Simpson indexes for Alpha diversity measures of the all classified viral reads in the examined samples. Pool 3 shows very low 
values in both occasions which is related to the identification of low number of viral taxa, albeit with high read number.
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a Ct = 24.9 (threshold = 0.1), probably characterizing a chronic 
HCV infection related to high viral load. The amplification 
plots of HPgV-1 and HCV are shown in Figure 7.

Discussion

In this study, we characterized the plasma virome composition 
of primary adenocarcinoma patients with different ISUP 
grades. We assumed that the plasma virome of patients with 

prostatic cancer may show characteristic abundance that might 
be reflection of the malignant prostatic disease. Additionally, 
viruses have been largely implicated as cofactors that might 
unlock pathologic events leading to prostate cancer. For this 
reason, using of deep metagenomics for characterization of the 
metavirome composition of different clinical specimens 
including plasma of such patients is of particular interest.

The viral diversity of the examined samples was similar, 
although the controls showed slightly reduced variability 

Figure 2. Abundance of each viral genus detected in the non-curated dataset. (a) Relative abundance of the viral genera in the samples. In the X axis, the laboratory 
number of the pools is given, while in the Y-axis, the percentage of the sum of each identification of genus. Across all pools one can observe the high abundance of 
anelloviruses. (b) The same data was presented in absolute values.
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considering the Shannon diversity. Indeed, in the heatmap 
plot, we were able to cluster separately the controls and the 
patients indicating that each group has specific viral composi-
tion. In addition, the performed PCA analysis reinforced the 
specific viral pattern in patients and controls.

Concerning, the curated viral data, the plasma metavirome 
of patients with prostate cancer revealed the presence of 
a variety of viral agents. As expected, the highest abundance 
was attributed to anelloviruses, predominantly TTV and at 
lesser frequency TTMDV (across the samples, TTV-15,16 and 
22 as well as TTMDV-9 were the most abundant). The role of 
the anelloviruses as pathogenic agents has been debated. These 
viruses constitute a normal part of the human virome and are 

acquired early in life without causing an apparent disease.18 

However, elevated TTV loads have been observed in patients 
with different malignancies19–21 including prostate cancer22 

probably as a result of immunological dysregulations predis-
posing to bloom in the annelovirus diversity.23,24 In blood 
donors, we exclusively detected a variability of TTV viruses 
but with lower read abundance compared to patients with 
prostate cancer. The presence of anelloviruses types in plasma 
of patients with prostate cancer requires more detailed inves-
tigations especially related to estimation of viral loads and TTV 
diversity.

HPgV-1, another commensal virus, was almost exclusively 
detected among patients with prostate cancer. In one of the 
patients, the infection was presented with high viral load that 
permitted detailed genomic investigation of the infecting 
strain. In that particular case, the HPgV-1 read number and 
load might be related to immunological alterations caused by 
cancer itself, and the older age of the patient as observed in 
other studies.25 The HPgV-1 phylogenetic analysis showed that 
it belongs to genotype 2 (subgenotype 2B) which is widely 
distributed in Brazil, Europe and the USA.26–28 Commensal 
viruses make an indispensable part of the normal human 
metavirome and it is difficult to make any conclusions about 
their participation in prostate carcinogenesis. Nevertheless, 
recent studies suggest that the level of commensal virus repli-
cation and read number might be useful as a marker to evaluate 
the immunological competence of the patients.29,30

HCV reads were also detected in one of the samples permit-
ting performing of phylogenetic analysis. HCV is an oncogenic 
virus, but its involvement in extrahepatic cancers has been 
a matter of debate. Although most studies describe an inverse 
relationship between HCV infection and prostate cancer,31 

extrahepatic malignancies like gallbladder, bile duct, ovarian 
cancers and non-Hodgkin lymphoma32 have been attributed to 
HCV. We believe that HCV identification in our case is 
a coincidental finding, and we did not have clinical informa-
tion as to link the obtained results to when and how the 
infection was acquired. Nevertheless, in this particular case, 
the viral metagenomics was crucial to detect HCV RNA in this 
patient and help for his clinical management, as up to this 
study, the patient´s HCV status was unknown. This reinforces 
the clinical utility of viral metagenomics for the detection of 
unsuspected infections. More detailed investigations of the 
HCV parameters showed elevated load and high antibody 
titer revealing untreated, chronic course infection. 
Additionally, the phylogenetic analysis showed HCV subgeno-
type 1b which is a common Brazilian subgenotype.33 More 
studies are necessary to establish a possible causal relationship 
between HCV infection and extrahepatic types of cancer. We 
also identified a low number of CMV and human adenovirus 
type C reads but due to their frequent detection in states of 
immune suppression, we believe that it can be regarded as 
a coincidental finding.

In conclusion, our results provided insights regarding the 
plasma virome composition among patients with prostate cancer. 
The obtained viral diversity allowed well-defined separation of the 
patients and the controls, suggesting that viral diversity and 
abundance might be the result of the immunological changes 
induced by the malignant processes. More studies appear to be 

Figure 3. Heatmap showing the viral abundance based on the total number of 
viral reads obtained from each analyzed sample. The keycode (upper left) indi-
cates the correlation between the color scheme and the number of reads. 
A hierarchical cluster is presented for both samples and viral species/genus. The 
clustering between the group of patients and controls can also be observed.

Figure 4. Principal component analysis (PCA) showing that patients and control 
group were clustered separately. The small circles represent the individual sam-
ples, while the big circles are centroid for each group. The ellipse englobes 95% of 
confidence interval. The sum of PCA1 and PCA2 is close to 100% that means that 
by this way can be explained almost all dataset variation.
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Figure 5. Abundance of human viruses in patients and controls (curated dataset). (a) Relative abundance of the viral reads in each pool. In the X axis the laboratory 
number of the pools is given, while in the Y-axis, the percentage. In pool 2 can be observed the reads obtained from HCV while in pool 3 HPgV-1 was detected. In pool 3 
we were also able to detect low number of reads belonging to human adenovirus type C. Across all pools one can observe the high abundance of anelloviruses. 
(b) Relative abundance of the viral species per pool. On the X-axis are represented the viral species.

Figure 6. Genotype classification of the hepatitis C virus (HCV) and Human Pegivirus-1 (HPgV-1) isolates obtained via metagenomic analysis from patients with prostatic 
cancer by phylogenetic analysis. (a) The reconstructed Maximum Likelihood tree demonstrated that HCV strain belonged to subgenotype 1b and clustered together 
with other strains obtained from Brazil and worldwide. (b) Maximum Likelihood tree obtained from the complete HPgV-1 genome from patient with prostatic cancer, 
was consistent with the identification genotype 2 (subgenotype 2B) which is the predominant genotype worldwide.
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necessary in order to evaluate its role of the plasma virome and 
viruses on the malignant transformation of the prostatic cells. 
Nevertheless, our study gives a preliminary overview on the 
plasma virome of patients with prostate cancer, its composition 
and diversity.
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