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Background. Characterisation of human-associated viral communities is essential for 
epidemiological surveillance and to be able to anticipate new potential threats for blood transfusion 
safety. In high-resource countries, the risk of blood-borne agent transmission of well-known viruses 
(HBV, HCV, HIV and HTLV) is currently considered to be under control. However, other unknown or 
unsuspected viruses may be transmitted to recipients by blood-derived products. To investigate this, the 
virome of plasma from individuals at high risk for parenterally and sexually transmitted infections 
was analysed by high throughput sequencing (HTS).

Materials and methods. Purified nucleic acids from two pools of 50 samples from recipients of 
multiple transfusions, and three pools containing seven plasma samples from either HBV-, HCV- or 
HIV-infected blood donors, were submitted to HTS. 

Results. Sequences from resident anelloviruses and HPgV were evidenced in all pools. HBV and 
HCV sequences were detected in pools containing 3.8×103 IU/mL of HBV-DNA and 1.7×105 IU/mL 
of HCV-RNA, respectively, whereas no HIV sequence was found in a pool of 150 copies/mL of 
HIV-RNA. This suggests a lack of sensitivity in HTS performance in detecting low levels of virus. In 
addition, this study identified other issues, including laboratory contaminants and the uncertainty of 
taxonomic assignment of short sequence. No sequence suggestive of a new viral species was identified.

Discussion. This study did not identify any new blood-borne virus in high-risk individuals. 
However, rare and/or viruses present at very low titre could have escaped our protocol. Our results 
demonstrate the positive contribution of HTS in the detection of viral sequences in blood donations. 

Keywords: viral metagenomics, high throughput sequencing, blood-borne viruses, sensitivity, 
blood safety. 

Introduction
Although the safety of blood transfusion has been 

dramatically improved, especially in high-resource 
countries, the emergence of infectious agents that may 
be transmitted by blood products remains a challenge 
for transfusion medicine. Several measures to prevent 
transmission of viruses by blood are in place, but 
because most of them are target specific, they are 
not efficient against uncharacterised infections. Only 
new application of at risk donor criteria and pathogen 
inactivation methods would be able to preclude those 
potential infections yet to be characterised. Pathogen 
inactivation is certainly a promising proactive method 
to prevent transmission of infectious agents due to its 
broad and non-specific spectrum of action. However, 
there is currently no universal method that could be 

applied to all blood components and be equally effective 
for all viral families. Some viruses, particularly when 
non-enveloped, are partially inactivated1, leading to 
possible viral transmission with inactivated blood 
products, as recently reported with hepatitis E virus2. In 
addition, recent studies have confirmed the inadequate 
capacity of some viral reduction methods to inactivate 
very high viraemic concentration in plasma pools and 
plasma derivates3,4. As a result, improving the safety 
of blood products remains an ongoing challenge, not 
only through surveillance of well characterised viral 
pathogens (human immunodeficiency virus [HIV], 
hepatitis B virus [HBV], hepatitis C virus [HCV], human 
parvovirus B19 [B19V]) but also by implementing novel 
methodologies to identify unknown infectious agents 
that may affect blood transfusion safety.
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The use of high throughput sequencing (HTS) in 
viral metagenomics has demonstrated the power of this 
"without a priori" technology to identify novel viruses 
that are too divergent from known agents to be detected 
by conventional polymerase chain reaction (PCR) or 
microarray techniques. By overcoming conventional 
methods of viral identification, metagenomics, which 
gives access to all nucleic acids present in a given sample, 
can describe viral communities and their diversity in 
environmental5, human6-8 and animal samples9,10. This 
approach has also been demonstrated to be useful in 
infectious diseases of unknown aetiology. This was 
seen in, for example, human Merkel cell carcinoma for 
which a polyomavirus was identified as responsible11, 
in a cluster of fatal post-transplant-associated diseases 
in patients grafted from the same infected donor due to 
a novel arenavirus12, and for the thrombocytopenia and 
leukopenia syndrome in China associated with a new 
bunyavirus13. In addition, viral metagenomics is suitable 
for detecting adventitious viruses in live-attenuated 
vaccines14 and raw materials used in the manufacture 
of biologicals15,16. Overall, metagenomics appears to be 
a potent tool for global viral surveillance, diagnostics 
and for the discovery of emerging agents17,18. However, 
despite the analytical strength of this approach, 
difficulties remain in computational analysis and the 
detection of very low levels of pathogens in the clinical 
sample and represent a significant challenge.

This study illustrates the contribution of viral 
metagenomics to provide in depth analysis of virus 
populations present in plasma from individuals at high 
risk for parenterally and sexually transmitted infections.

Materials and methods
Study population 

All studied plasma samples were collected from 
individuals who gave written consents for the use of these 
samples in conformity with French ethical legislation.

Plasma samples included in this study were split 
into two groups. Group 1 was made up of 50 multiple 
transfusion patients suffering from thalassaemia major or 
sickle cell disease, prospectively followed at the Tenon 
Hospital, Paris, France. Study subjects had received 
more than 100 red blood cell units. There were 21 males 
and 29 females; median age at the beginning and the end 
of follow up was 21 years (range: 3-82) and 35 years 
(range: 18-86), respectively. All tested negative for HIV 
and human T leukaemia virus (HTLV-1) antibodies, 34 
were positive for HCV antibodies, 37 had anti-HBs only 
due to vaccination, 12 showed a past infection pattern 
(anti-HBc ± anti-HBs) and one had no HBV markers. 
For each study subject, one sample collected at the 
beginning and one at the end of the medical follow 
up (from 1988 to 2012) were analysed to investigate 

blood-borne infections that could have occurred during 
follow up. A total of 100 samples were collected and 
these were divided into two pools of 50 samples each, 
from 25 individuals.

Group 2 included 21 blood donors who tested positive 
for at least one viral marker. As shown in Table I, 7 were 
chronically infected with HBV, 7 were HCV-positive and 
declared intravenous drug abuse at the post-donation 
interview, and 7 were HIV-positive men who had had 
undeclared sex with men. Only one donor was co-
infected with HBV and HIV. The three mini pools of 
Group 2 were prepared with a mix of plasma of the 7 
blood donors who tested positive for HBV (HBV pool 
accounting for an estimated HBV-DNA concentration 
of 3.8×103 IU/mL), HCV (HCV pool containing 1.7×105 
IU/mL of HCV-RNA) or HIV (HIV pool with a HIV 
viral load estimated at 150 copies/mL).

Nucleic acid extraction and amplification 
A volume of 150 µL of each of the five plasma pools 

was treated with a cocktail of DNases (2 h at 37 °C) in order 
to digest unprotected nucleic acids. Total nucleic acids were 
then extracted using a QIAamp cador Pathogen Mini kit 
(Qiagen, Courtaboeuf, France), and randomly amplified 
as previously described15,19. Particular precautions to 
avoid contamination of samples, nucleic acid extracts 
and amplification products by DNA molecules from 
environment were implemented throughout the process 
including ultra-violet light treatment of some kit reagents20.

High throughput sequencing and sequence analysis
The HTS and bioinformatics analyses were 

performed as previously described15. Briefly, 1 µg of 
high molecular weight DNA resulting from isothermal 
amplification was fragmented into 200- to 350-nt 
fragments to which adapters were ligated. Adapters 
included a nucleotide tag allowing for multiplexing 
several samples per lane. Samples were multiplexed 
in two separate lanes: 1) plasma pools from recipients; 
and 2) HBV, HCV and HIV plasma pools. Sequencing 
was carried out on an Illumina HiSeq-2000 sequencer 
(DNAVision, Charleroi, Belgium) with paired-end 
reads of 101 nucleotides in length. Five quality filters 
were successively performed on reads to obtain 
sequences of interest: duplicated reads introduced by 
PCR artefacts were suppressed, low-quality sequences 
and adapter sequences related to sequencing technology 
were trimmed, and ribosomal RNAs removed. The 
human genome was then filtered with SOAPaligner 
(available from: http://soap.genomics.org.cn) using the 
Homo sapiens hg19 reference. A number of assembly 
programmes dedicated to short or medium-sized reads 
were used to perform a de novo assembly that produces 
longer sequences called contigs: SOAPdenovo (available 
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from: http://soap.genomics.org.cn/; Velvet (available 
from: http://www.ebi.ac.uk/); and CLC Genomics 
Workbench (available from: http://www.clcbio.com). 
Taxonomic assignments of contigs were obtained 
through successive BlastN/X/N alignments against 
the NCBI NT then NR and finally WGS nucleotide 
collections (respectively with an e-value of 10e-3, 10 
and 10e-3). Taxonomic assignments of singletons were 
obtained using only the BlastN algorithm against the 
viral subsection of the NCBI GenBank21 nucleotide 
collection (e-value of 10e-3). In order to attest viral 
taxonomy assignation, every singleton alignment was 
confronted (i.e. realigned, BlastN, e-value of 10e-3) 
with the comprehensive NCBI NT nucleotide collection. 
This step can lead to an invalidation of some singleton 
alignments and refine the identification of viruses.

The amount of viral sequences for each pool was 
estimated by considering the number of reads included 
in contigs that match the reference sequence over 100 
bp and the number of singletons with a hit match length 
covering at least 90 pb. On this basis, sequences sharing 
at least 80% nucleotide or amino acid identity with the 
best hit were classified as belonging to "known viruses". 
The other viral sequences (<80% identity) fell into the 

category referred to as "sequences identified as potential 
viral genes". 

Results
Bioinformatics pipeline and taxonomic assignment 

Sequencing generated 83 to 164×106 paired-end 
reads of 101 nucleotide length per pool. After quality 
filtering steps, including PCR artefact removal, 
quality trimming and human sequences elimination, 
an average of 17.3×106 reads per pool (range: 
8.6-24.8×106 reads/pool) was kept for the de novo 
assembly step. An average of 29.5% of these highly 
valuable reads (range: 26.8-31.7%) was extended into 
contigs. A taxonomic assignment could be reached for 
79% of them (range: 67.1-87%). Contigs for which no 
sequence homology was detected were classified as 
"unknown". Some of these unknown contigs reached a 
maximum length of 1195 nucleotides (data not shown).

Targeted eukaryotic DNA and RNA viruses 
represented an average 2.0% (1.4-2.3%) of the reads that 
passed all filtering steps, except in HIV plasma pool in 
which they accounted for 11% of valuable reads (data 
not shown) due to the presence of a high concentration 
of HBV, as described below.

Table I - Characteristics of HBV-, HCV- and HIV-infected blood donors*.

Sample ID Age Gender HBV load 
(IU/mL)

HBsAg Anti-HBc HCV load 
(IU/mL)

Anti-HCV HIV load 
(copies/mL)

Anti-HIV

HBV-infected donors B5507 40 M 2,080 + + ‒ ‒ ‒ ‒

B5515 18 F 27 + + ‒ ‒ ‒ ‒

B5583 31 M 15,737 + + ‒ ‒ ‒ ‒

B5587 25 M 615 + + ‒ ‒ ‒ ‒

B5590 32 F 9 + + ‒ ‒ ‒ ‒

B5597 45 M 4,013 + + ‒ ‒ ‒ ‒

B5664 30 F 4,026 + + ‒ ‒ ‒ ‒

HCV-infected donors C3704 51 M nd ‒ ‒ ‒ + ‒ ‒

C3706 44 M nd ‒ ‒ ‒ + ‒ ‒

C3708 51 M nd ‒ ‒ ‒ + ‒ ‒

C3742 51 M nd ‒ + 5,455 + ‒ ‒

C3747 54 F nd ‒ ‒ 569,394 + ‒ ‒

C3763 52 M nd ‒ ‒ 607,006 + ‒ ‒

C3767 55 M nd ‒ + ‒ + ‒ ‒

HIV-infected donors HIV/143 25 M nd ‒ ‒ nd ‒ 230 +

HIV/38 37 M 1.5×108 + + nd ‒ 104 +

HIV/110 27 M nd ‒ + nd + ‒ +

HIV/129 26 M nd ‒ + nd ‒ 539 +

HIV/44 33 M nd ‒ + nd ‒ 73 +

HIV/213 24 M nd ‒ ‒ nd + 114 +

HIV/131 22 M nd ‒ ‒ nd ‒ 65 +

‒: negative; +: positive ; nd: not determined.
*Cobas TaqMan HBV, HCV and HIV assays from Roche Diagnostics (Meylan, France) were used to determine the viral loads of HBV DNA 
(limit of quantification of 6 IU/mL), HCV RNA (25 IU/mL) and HIV RNA (34 copies/mL), respectively.
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Identification of known viruses 
Known viruses for which sequences were 

found are shown in Table II. All pools contained 
anelloviruses, which for a large proportion (96.1-
99.4%), were distributed in the Alphatorquevirus 
genus (TTV) (Figure 1). Betatorquevirus (TTMV) and 
Gammatorquevirus (TTMDV/SAV) did not exceed 
3.7% of all sequences. Human pegivirus (HPgV), 
formerly known as GB virus C (GBV-C), was also 
found in all pools with a particularly high number of 
reads covering the full length of the genome in HIV-
infected-subjects.

HBV and HCV pools contained viral sequences 
of HBV and HCV, respectively, and sequences of 
human adenoviruses C, genotypes 2 (KF268310) and 5 
(KF429754). The presence of these adenoviruses could 
not be confirmed by specific PCR due to the shortage of 

nucleic acid sample. HBV sequences have been detected 
in HCV pool and vice versa, although none of the 
blood donors were known to be HCV/HBV co-infected 
(Table I). The contig related to the Circoviridae family 
identified in the HBV pool showed 99% nucleotide 
identity with the Circovirus-like NI/2007 Rep sequence 
(strain JN837698), previously reported in a metagenomic 
analysis of cases of unknown tropical febrile illness22. 
Finally, two contigs closely related to Mimivirus-like 
viruses (Megavirus chiliensis and Moumouvirus monve), 
which are known to infect free-living amoebae23, were 
detected in the HBV pool.

HIV pool analysis showed 350 HCV and more than 
1,700,000 HBV sequences, while no HIV sequence was 
detected. The high viral titre of the subject co-infected with 
HBV (accounting for 2.2×107 IU/mL HBV DNA in the 
pool) explains the detection of a complete viral genome 

Table II -	 Identification of known viruses in plasma samples of multi-transfused recipients and HBV-, HCV- and HIV-infected 
blood donors.

Samples
HBV pool HCV pool HIV pool Multi-transfused 

Pool 1
Multi-transfused 

Pool 2

Total reads, raw data 101,985,062 83,838,650 91,368,632 164,010,226 93,808,700 

Total reads after quality filtering 24,841,058 
(24.36%)

18,711,255 
(22.32%)

18,934,556 
(20.72%) 

15,440,155 
(9.41%)

8,694,334 
(9.27%)

Anelloviridae 0.24%b 0.05% 0.18% 0.115% 0.14%

Flaviviridae, human Pegivirus 0.0002% 0.0004% 0.07% 0.014% 0.004%

Flaviviridae, hepatitis C virus 0.0005% 0.15% 0.0004% 0.004% 0.0015%

Hepadnaviridae, hepatitis B virus 0.0375% 0.046% 1.90% nd nd

Retroviridae, human immunodeficiency virus 1 or 2 nd nd nd nd nd

a nd: not detected; b calculated according to the total raw reads. 

Figure 1 -	 Amounts of known Anelloviruses in plasma samples of multi-transfused recipients and HBV-, HCV- and HIV-infected 
blood donors.

	 Amounts were estimated by considering the number of reads included in contigs that match the reference sequence over 100 bp 
and the number of singletons with a hit match length covering at least 90 pb. Sequences sharing at least 80% nucleotide or 
amino acid identity with the best hit were classified as "known Anelloviruses".
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with a high depth of coverage. The presence of HCV was 
not confirmed either in the HIV pool or in the original HIV 
samples with a PCR targeting the NS5b region (analytical 
sensitivity estimated to be 6×102 IU/mL)24. On the other 
hand, few sequences that aligned to HERV (92-100% 
nucleotide identity with HERV-K [Class II ERV 
group]), Circoviridae (95% nucleotide identity with 
Circovirus-like NI/2007 Rep sequence, JN837698), 
Rhabdoviridae (95% nucleotide identity with the G 
protein gene of various vesicular stomatitis indiana 
virus clones), and Virgaviridae families were found. 
Interestingly, sequences from plant viruses were found, 
such as contigs sharing more than 98% nucleotide 
identity with Tobacco mosaic virus (strains KC007531 
and HE818459), together with reads that mapped to 
Viridiplantae (Streptophyta phylum) and especially 
to species found in human food products, including 
tomato (Solanium lycopersicum) and potato (Solanium 
tuberosum). These findings suggest that nucleic acids 
from ingested vegetables and their viruses may enter the 
bloodstream25. However, such reads are most likely the 
results of contaminations, as reported by Lusk26, rather 
than valuable reads.

HCV sequences were present in the two plasma pools 
of multiply transfused recipients and were confirmed 
by specific NS5b RT-PCR. In addition, as observed 
in HBV and HIV pools, Circovirus-like NI/2007 Rep 
(99% nucleotide identity with JN837698) and HERV-K 
sequences (100% nucleotide identity) have also been 
found.

No sequence of the human hepegivirus 1 (HHpgV-1), 
a newly described virus retrieved in old serum samples of 
blood transfusion recipients and haemophilia patients27, 
was detected in any samples investigated in this study. In 
addition, HHpgV-1 RNA was not detected by RT-PCR 
in nucleic acid extracts from HIV, HBV and HCV pools 
and corresponding individual plasma samples.

Sequences identified as potential viral genes
Potentially novel viral sequences belonging to the 

Nucleocytoplasmic Large DNA Viruses (NCLDVs) 
group, which constitutes the Megavirales order28 

including seven viral families (Ascoviridae, Asfarviridae, 
Iridoviridae, Phycodnaviridae, Poxviridae, Mimiviridae 
and the recently discovered Marseilleviridae29), were 
observed. The majority of contigs from this group shared 
only 25-50% of amino acid identities (and ≤75%) to 
known viruses. The other viral sequences were mostly 
related to anelloviruses (mainly TTV sequences with 
amino acid identity ranging from 60% to 80% that 
might be new genotypes or species) and circoviruses 
(sequences found in bats30 and reclaimed water31). A 
unique contig exhibiting 34.4% amino acid identity to 
HERV was identified. 

Discussion
To identify new viruses that could impair blood 

transfusion safety we used an ultra-deep sequencing 
method to analyse samples collected from at risk 
subjects, including recipients of multiple blood 
transfusions and HBV-, HCV- and HIV-infected blood 
donors. A large number of various viral sequences were 
found, showing the efficacy of the method. Among 
them, anelloviruses and HPgV were the most frequently 
identified agents. The presence of hepatotropic viruses 
in plasma pools from subjects infected with HBV and 
HCV was confirmed, whereas HIV sequences were 
not detected in the HIV pool. No unknown agent was 
revealed, despite the identification of numerous short 
nucleotide sequences distantly related to viral sequences 
reported in the current databases. Although the present 
study confirms the utility of viral metagenomics to 
identify the viral diversity in blood samples, the results 
have also identified some limitations of this approach.

As expected, commensal anelloviruses and the highly 
prevalent orphan HPgV32, both initially discovered in 
patients with non A-E hepatitis33-36, were predominantly 
identified in all samples. In agreement with previous 
studies, all investigated specimens showed large number 
of TTV and mixed infections of Anellovirus, which 
is in accordance with the absence of pathogenicity of 
these viruses37. Furthermore, the discovery of putative 
novel sequences of anelloviruses confirms the high 
genetic diversity of this viral family38. The presence of 
HPgV is in line with the estimated prevalence of 1-5% 
of healthy blood donors in developed countries32,39, and 
is significantly higher in populations at high risk for 
parenteral exposure to infectious agents (20-40% in 
HIV-infected individuals, 7-20% in patients receiving 
blood products, and 20% and 10% in HCV and HBV-
infected subjects, respectively)39,40. 

Among the sequences identified as potential 
viral genes, sequences related to NCLDV group and 
Circoviridae were identified. To date, only a few 
publications have observed NCLDV sequences in human 
specimens such as plasma, nasopharyngeal swabs and 
stool41,42, and only Poxviridae and Mimiviridae from this 
group have been associated with human diseases43-45. 
Recently, the use of HTS allowed the genome of two 
marseilleviruses to be retrieved from human samples: 
Senegalvirus, in a stool sample of an asymptomatic 
Senegalese subject41 and Giant Blood Marseillevirus 
(GBM) in blood samples from asymptomatic donors46. 
Interestingly, GBM viral DNA was found in 4% of 174 
studied healthy donors and in 9.1% of post-transfusion 
sera from thalassaemia patients, suggesting that this 
virus could be transmitted by transfusion47. In the 
present study, 7 short contigs with very weak similarity 
to marseilleviruses proteins were detected, but since 
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the coverage of significant portions of viral genomes 
was not achieved, it was not possible to conclude that 
such sequences represent bona fide marseillevirus-like 
viruses. In addition, in two recently reported studies 
(of 33948 and 18749 subjects, respectively), GMB viral 
DNA was not detected by PCR in any of the human 
plasma samples, suggesting that GBM might be a 
laboratory contaminant rather than a virus infecting 
humans. Similarly, we were not able to conclude that 
the sequences related to other NCLDV members were 
due to the presence of the viruses in plasma samples; 
it is most likely that these short virus-like sequences 
represent contaminants26,50.

Control libraries (i.e. water only) tested in the 
process contained sequences related to Asfavirus and 
Circovirus (e.g. Bat circovirus ZS/YunnanChina/2009), 
which confirmed the presence of contaminants in the 
reagents. Such contaminations have been reported with 
a Parvovirus-like hybrid genome (PHV/NIH-CQV), 
initially described as a possible new causative agent 
of seronegative hepatitis51, but subsequently found in 
water eluted from some nucleic acid extraction silica-
binding columns52,53. This viral contamination has been 
suggested to originate from diatom algae present in 
silica52 or oomycetes (Phytophtora spp and Pythium 
spp) introduced during water washing of silica54. These 
hypotheses are in agreement with our findings using a 
specific PHV/NIH-CQV PCR; we detected sequences 
in plasma pools and water controls when nucleic acids 
were extracted with Qiagen reagents (QIAamp Viral 
RNA kit and QIAamp DNA Blood kit), as previously 
described51, but not when extracted with other reagents 
(High Pure System Viral Nucleic Acid kit; Roche, 
Mannheim, Germany). Other viral contaminants from 
spin columns, including circoviruses/densoviruses and 
iridoviruses, have been previously reported7. Taken 
together, these cases strongly suggest that contaminants 
from different origins can easily be introduced in the 
process from the nucleic acid extraction step up to the 
library construction. However, they clearly demonstrate 
that the extraordinary potency of HTS methods generates 
results that must be interpreted with caution before any 
conclusions about the discovery of a new agent can be 
made.

Despite the inclusion of at risk individuals, and the 
efficacy of this pipeline to discover new viruses15,55-57, 
no unknown virus was found. However, identification 
of new viruses relies on sequence homologies with 
known viruses, meaning that viruses very distant to 
those present in the database might escape identification. 
This can be seen from a recent study that identified 
a new bacteriophage in the "unknown" sequences, 
emphasising the importance of developing new 
approaches and computational tools to explore this 

part of metagenomes58. More importantly, we have 
demonstrated the limitations of the pipeline to detect 
very low viral loads, as seen by the absence of HIV 
sequences in the HIV-positive pool. The pooling strategy 
was unable to detect low levels of genomic sequences 
present in the individual plasma samples. However, even 
if the sample size used by Cheval et al.19 had been applied 
(i.e. nucleic acids extraction from 150 µL of individual 
plasma sample and DNA amplification on the nucleic 
acids corresponding to 12 µL of the original sample), 
such low viral concentrations (around 2 genome copies 
final) would still not have been identified, despite the 
higher sequencing depth used. This shows that sample 
preparation remains one of the key steps to enhance the 
detection of low-copy-number viruses, especially when 
the scope of viral discovery concerns blood safety. Thus, 
with this purpose, the efficiency and the robustness 
of different viral enrichment (i.e. ultracentrifugation, 
polyethylene glycol [PEG] precipitation, membrane 
ultrafiltration and/or nucleic acid extraction from a large 
plasma volume59,60) and random amplification methods, 
warrant investigation. 

The identification of HBV sequences in HCV pool 
and vice versa, in spite of the absence of documented 
co-infections, suggested that cross-contaminations 
have occurred during the experiment. Biological cross-
contaminations may have occurred during one or several 
steps of the sample preparation, including nucleic acid 
extraction, amplification, and library construction. 
Based on the almost identical quantitative and qualitative 
viral genome coverage patterns observed in different 
samples (e.g. HBV and HPgV genome coverage in HBV 
and HCV pools, and HCV genome coverage in HIV and 
HBV pools; data not shown), it is highly probable that, 
in our study, biological cross-contaminations occurred 
following fragmentation during library preparation. This 
is in not uncommon when sensitive and non-specific 
techniques are used, such as HTS, especially when 
samples containing viruses at a high load are included. 
Biological cross-contaminations may potentially 
affect quantitative and comparative analyses of virus 
populations between samples; however, these will have 
no impact on viral discovery.

Conclusions
Metagenomics is a powerful approach to identify 

the viral diversity present in human plasma, irrespective 
of the fact that, in the present study, there was no 
evidence of a novel virus infecting deferred French 
blood donors and multi-transfused recipients. It is 
unlikely that the methodological approach used here 
would have failed to identify a virus if present at high 
titre, but non-detection of low titre viruses cannot be 
excluded. Consequently, specific technical issues and 
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potential biases in metagenome preparation should 
be carefully addressed to promote its potential use for 
the discovery and surveillance of viruses that are of 
concern in issues of blood safety. In addition, it has to be 
noted that HTS methods give no information about the 
capability of viruses to cause infections since they only 
detect nucleic acids. This would be of concern if HTS 
was used, for example, as quality control methods after 
pathogen inactivation process. However, this is not only 
a specific limitation of HTS, but of all molecular tests 
based on nucleic acid detection. The methodology used 
is currently being modified for use in clinical diagnostics 
that requires the establishment of quality controls and 
protocols ensuring a high consistency and traceability 
of results. Overall, this study demonstrates the positive 
contribution of HTS in the detection of viral sequences 
in blood donations. 
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