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Human pegivirus (HPgV, formerly GBV‐C) is a member of the genus Pegivirus, family

Flaviviridae. Despite its identification more than 20 years ago, both natural history

and distribution of this viral group in human hosts remain under exploration. Analysis

of HPgV genomes characterized up to now points out the scarcity of French pegivirus

sequences in databases. To bring new data regarding HPgV genomic diversity, we

investigated 16 French isolates obtained from hepatitis C virus‐RNA and human

immunodeficiency virus‐RNA–positive blood donations following deep sequencing

and coupled molecular protocols. Initial phylogenetic analysis of 5ʹ‐untranslated

region (5ʹ‐UTR)/E2 partial sequences permitted to assign HPgV isolates to genotypes

2 (n = 15) and 1 (n = 1), with up to 16% genetic diversity observed for both regions

considered. Seven nearly full‐length representative genomes were characterized

subsequently, with complete polyprotein coding sequences exhibiting up to 13%

genetic diversity; closest nucleotide (nt) divergence with available HPgV sequences

was in the range 7% to 11%. A 36 nts deletion located on the NS4B coding region (N‐

terminal part, 12 amino acids) of the genotype 1 HPgV genome characterized was

identified, along with single nucleotide deletions in two genotype 2, 5ʹ‐UTR

sequences.
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1 | INTRODUCTION

Human pegivirus (HPgV), formerly known as GBV‐C, is a member

of the genus Pegivirus, family Flaviviridae, composed of isolates

identified in various mammalian hosts.1-3 Recent taxonomic

evolutions and proposals related to these single‐stranded RNA

viruses allow the current description of 11 species within the

genus Pegivirus (Pegivirus A‐K), the human and nonhuman primate

pegivirus isolates being assigned to species Pegivirus C.4 Despite a

nonnegligible blood prevalence in healthy persons, that is 1% to

5% in developed countries and up to 20% in developing countries,

and higher values in immunocompromised patients, both natural

history and potential implication of pegiviruses in host’s health

are largely unknown despite their identification more than 20

years ago.5-14 Of note, however, human immunodeficiency (HIV)‐

HPgV association studies were extensively explored, due to a

possible beneficial effect in HIV infection motivating investiga-

tions about HIV‐HPgV interactions at the molecular level.15-22

Mechanisms of viral persistence and host‐immune modulation

remain also poorly characterized.23-25 Previous studies allowed

the identification of the viral genome in liver, spleen, bone

marrow, and peripheral blood mononuclear cells, including T and
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B lymphocytes, NK cells, and monocytes; the infection of

progenitor hematopoietic stem cells as possible primary targets

of the virus had been also suggested.26,27

Exploration of diversity, distribution, and potential hosts of

pegiviruses is in perpetual re‐evaluation.28,29 In the case of human

infections, at least six genotypes of the virus have been described,

typically classified by phylogenetic comparison of 5ʹ‐untranslated

region (5ʹ‐UTR), E2, or complete genomic sequences: genotype 1 is

retrieved in West Africa, genotypes 1 and 2 in Europe and North

America, genotype 3 in parts of Asia, genotype 4 in South East Asia,

genotype 5 in South Africa, and genotype 6 in Indonesia; recombina-

tion events have also been described.30-35

Despite those advances, precise analysis of the literature reveals

very poor information regarding HPgV nucleotide (nt) sequences

characterized in France up to now. Thus, genomic information

relative to previous epidemiological studies is mostly reduced to a set

of short‐viral sequences7; this lack of genetic data is also exemplified

by the availability in the GenBank database of a unique full‐length

coding sequence of a French genotype 2 isolate of HPgV character-

ized in 1998 (GenBank accession no. AF104403).

To gain new insights about the diversity of these viruses,

molecular and phylogenetic analyze of 16 French isolates of HPgV,

obtained from hepatitis C virus (HCV)‐ and HIV‐RNA–positive blood

donations following deep sequencing and coupled molecular proto-

cols, were investigated.

2 | MATERIALS AND METHODS

2.1 | Blood samples

HPgV‐positive plasmas considered in this study were part of a

sample collection (n = 150) entering a metagenomic research

project investigating virome content of blood donations excluded

from transfusion protocol (HBV‐, HCV‐, and HIV‐positive samples

stored at the French Blood Agency National Plasma Bank, Tours,

France).

2.2 | Ethical statements

Blood donation is anonymous and voluntary. Informed consent forms

were obtained systematically from blood donors for blood collection,

processing, and testing for blood‐borne pathogens. Viral strains

described were identified in plasma units that were deemed

unsuitable for transfusion due to the presence of an HBV, HCV, or

HIV‐positive biological marker. This study was approved by the

French Blood Agency Scientific Committee.

2.3 | Nucleic acids preparation

One milliliter of plasma aliquots were clarified by centrifugation

(13 000g for 10 minutes at 20°C), filtered (0.22 μM), and subse-

quently treated with 915 U of Benzonase (Sigma, Saint‐Quentin‐

Fallavier, France), 500 U of DNase and 2 μg of RNase (both from

Roche Diagnostics, Meylan, France) for 45 minutes at 37°C.

Particle‐protected nucleic acids were recovered using the High

Pure Viral Nucleic Acid Large Volume Kit (Roche Diagnostics) and

resuspended in 30 μL ultrapure water. Extracted DNA/RNA

templates were then converted into double‐stranded DNA using

combined reverse transcription and 2‐hour Phi‐29 DNA polymerase

treatments.36,37

2.4 | Deep sequencing protocol and metadata

analysis

Next‐generation sequencing (NGS) libraries were prepared using

the Nextera XT DNA sample preparation kit (Illumina, Paris,

France), including DNA fragmentation/indexing, polymerase chain

reaction (PCR) amplification/clean‐up, and library normalization/

pooling steps according to manufacturer’s instructions; subsequent

analysis was performed on a MiSeq sequencer (~65‐hours running

time) using the MiSeq Reagent Kit v3 600 cycles (both from

Illumina).

Resulting paired‐end reads (2 × 300 nts) were analysed using CLC

Genomics Workbench v.9.5.3 software (Qiagen, Courtaboeuf,

France) implemented on dedicated workstations running on Linux

and Windows environments. Briefly, a bioinformatics workflow was

designed including sequence quality analysis, trimming and filtering

steps, human and bacterial sequence removal (NCBI database for

Homo sapiens GRCh37/hg19 and genomes of representative bacteria,

respectively), de novo assembly, and final taxonomic assignations

following local BLAST N/X analysis against nt and nr NCBI RefSeq

genomes (July 2017).

Additional NCBI taxonomic assignation and exploration of viral

species/families distributions were performed using programs

MEGAN v.5.11.3 (http://www‐ab.informatik.uni‐tuebingen.de/

software/megan), KRONA v.2.7 (https://github.com/marbl/Krona/),

and local Galaxy instances (https://galaxyproject.org/).

2.5 | HPgV isolates characterization and analysis

Deduced contigs of HPgV origin were first used as templates for

sequence confirmation, and subsequent genotype assignation, using

PCR systems targeting 5ʹ‐UTR38 and envelope E2 (this study) (UTR‐F:

5ʹ‐GGTCAYCYTGGTAGCCACTATAGG‐3ʹ, UTR‐R: 5ʹ‐AAGAGAGACA

TTGWAGGGCGACGT‐3ʹ and E2‐F: 5ʹ‐GCGGGGHGTGATGAGCCTR

ACHCC‐3ʹ, E2‐R: 5ʹ‐CTGRACATGTATRAACCCRTCAGG‐3ʹ, respec-

tively). Amplification products were purified from the PCR reaction

mixtures (MinElute Reaction Cleanup Kit; Qiagen), cloned into

pGEM‐T vector (Promega, Charbonnières‐les‐Bains, France) and

transfected into Escherichia coli TOP10 (Invitrogen, Cergy‐Pontoise,

France); five clones from each PCR product were sequenced using

universal M13 primers.

Following initial phylogenetic analysis, partial sequences consid-

ered as representative of the different HPgV isolates identified in

terms of genetic diversity served as templates for sequences
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extensions, in combination with deduced NGS contigs, and subse-

quent characterization of nearly full‐length genomes.

Sequence alignments, mapping, and recombination analyses were

subsequently performed using CLUSTALW2 v.2.1, CodonCode

Aligner v.5.1.5 (CodonCode Corporation, Centerville, OH), and

RDP4 v.4.94 programs, respectively.39,40 For the latter, default

settings were used for all algorithms; breakpoints were considered if

detected with three or more recombination detection methods at a

P < 0.05. Phylogenetic analyses were performed using MEGA6

software.41 The GenBank reference sequences (n = 30) used to

confirm HPgV genotypes, included AB013500, KP710598, U36380,

KM670099, KM670101, KM670108, KM670106, KM670096,

KC618399, and KP710600 (genotype 1); AF104403, LT009494,

D90600, U45966, AY196904, LT009485, LT009487, LT009489,

AF309966, D87255, LT009483, AF031827, U44402, AF121950,

AB003289, and U63715 (genotype 2); D87713 (genotype 3);

AB018667 (genotype 4); AY949771 (genotype 5); and AB008336

(genotype 6).

Hydropathy profiles and transmembrane helix predictions

were investigated online at ExPASy (http://web.expasy.org/

protscale/) and CBS (http://www.cbs.dtu.dk/services/TMHMM/)

servers, respectively.

3 | RESULTS

3.1 | Distribution of HPgV partial sequences

identified

Bioinformatics treatment of Illumina reads (range, 3.33 × 104 to

2.44 × 106), and subsequent analysis of contigs taxonomic distribu-

tion, led to the identification of 16 NGS libraries (originating from six

HCV‐RNA and 10 HIV‐RNA–positive plasma samples) exhibiting

HPgV reads in the range 2.32 × 103 to 5.11 × 105 (~0.5% to ~75% of

total viral sequences identified). HCV or HIV sequences were also

retrieved systematically in the corresponding libraries, along with

F IGURE 1 UTR phylogenetic tree constructed using HPgV

representative isolates and French sequences characterized in this

study (red circle). Analysis was done using a p-distance/neighbor-

joining method; bootstrap values obtained from 1000 replicas are

shown. Scale bar indicates the number of substitutions per site

F IGURE 2 ENV phylogenetic tree constructed using HPgV

representative isolates and French sequences characterized in this

study (red circle). Analysis was done using a p-distance/neighbor-

joining method; bootstrap values obtained from 1000 replicas are

shown. Scale bar indicates the number of substitutions per site
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those of the highly prevalent Anelloviridae family (human viruses

TTV, TTMV, and TTMDV).42

Phylogenetic analysis of the 16 HPgV isolates performed using

5ʹ‐UTR and E2 sequences (159/160 and 1033 nts, respectively,

primers excluded) (GenBank accession no. MH053106‐30) permitted

the assignation of 15 isolates to genotype 2 (HCV+ or HIV+ plasma),

the remaining isolate being assigned to genotype 1 (HIV+ plasma)

(Figures 1 and 2).

The observed genetic diversity between the 15 genotype 2

isolates was in the range 0% to 9% and 6% to 15% for the 5ʹ‐UTR and

E2 regions, respectively; up to 16% genetic diversity was observed

for both regions tested when the genotype 1 isolate was included; at

the amino acid (aa) level, observed divergence was in the range 0% to

8% for the E2 region considered.

3.2 | Analysis of nearly full‐length HPgV genomes

Partial HPgV sequences, originating from seven samples identified as

representative of the 16 isolates in terms of genetic diversity, served

as templates for sequence extension and subsequent characteriza-

tion of nearly full‐length genomes (range, 8937 to 9316 nts; GenBank

accession no. MH053115‐21) including complete polyprotein‐coding

sequences (CDS). Sequence analysis confirmed genomic arrange-

ments in accordance with putative cleavage site patterns identified

previously for HPgV polyproteins.43

Phylogenetic analysis of corresponding complete polyprotein

CDS (8529 nts, genotype 2 isolates/8493 nts, genotype 1 isolate)

validated both 5ʹ‐UTR and E2 initial genotype assignations

(Figure 3).

Nucleotide divergence with closest HPgV polyprotein CDS

available in GenBank database were in the 7% to 10% range

for the six genotype 2 isolates, and 11% for the genotype 1

isolate; of note, the French genotype 2 isolate (AF104403)

exhibited 10% to 12% divergence with genotype 2 sequences

characterized here.

The observed genetic diversity between the six genotype 2

polyprotein CDS characterized reached 11%, and up to 13% when

the genotype 1 polyprotein CDS was included. When the whole set of

representative sequences (n = 30) was added to this analysis,

observed nucleotide divergence values were in the 7% to 14% range

(7% to 12% when considering genotype 1, or genotype 2 sequences

only), with a 12% overall genetic distance.

F IGURE 3 Polyprotein phylogenetic tree constructed using

HPgV representative isolates and French sequences characterized

in this study (red circle). Analysis was done using a p-distance/

neighbor-joining method; bootstrap values obtained from 1000

replicas are shown. Scale bar indicates the number of substitutions

per site
F IGURE 4 Partial UTR nucleotide alignment of HPgV

representative isolates and French sequences characterized in this

study (red). Position 83 showing single deletion is shaded
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3.3 | Analysis of insertions/deletions

Sequence alignments permitted to identify deletions in some

sequences characterized:

(1) A single nt deletion was observed in the UTR of isolates JD2B3C

and JD2B14I (genotype 2) at nt position 83 of the alignment

(Figure 4). Interestingly, such a deletion was also retrieved in

genotype 1 reference sequences, except for isolate JD2B9I

(genotype 1) characterized in this study.

(2) A 36‐nt deletion was identified in the polyprotein CDS of isolate

JD2B9I (genotype 1); this deletion was confirmed by a control

PCR using primers encompassing the corresponding region and

the subsequent analysis of cloned amplicons. Investigation of

putative cleavage sites within the polyprotein permitted to

locate the resulting 12 aa deletion (VGHCHSVIAAAV) in the N‐

terminal portion of the deduced NS4B protein (269 aa),

corresponding to aa positions 78 to 89 of the alignment (Figure

5). In silico analysis suggested a nontransmembrane location of

this N‐terminal part.

No insertion was observed within sequences characterized in this

study.

3.4 | Analysis of recombination events

The RDP4 analysis of the seven full‐length polyprotein CDS

characterized did not permit to identify significant probability of

recombination events according to selected parameters.

4 | DISCUSSION

Despite the discovery of first pegiviruses more than 20 years ago, the

natural history of this growing viral group infecting human and

nonhuman hosts remains only partially understood. As for many

other viruses, advances related to their genetic diversity were linked

to the evolution of laboratory protocols, initially with the help of

sequence‐specific, PCR‐based approaches, and more recently using

sequence‐independent, massive sequencing.

F IGURE 5 Partial NS4B amino acid alignment of HPgV representative isolates and French sequences characterized in this study (red).

Positions 78‐89 showing the 12 aa‐deletion are shaded
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By using the above mentioned approaches, we were able to

identify and explore the genetic diversity of 16 strains identified in

French human‐blood samples excluded from transfusion protocol,

and to characterize partial and/or nearly complete HPgV genomes.

Our study was motivated by GenBank database analysis results

pointing out the scarcity of French HPgV sequences available. Thus,

we first analysed 5ʹ‐UTR and E2 HPgV sequences, and identified 15

isolates classified as genotype 2 and 1 isolate as genotype 1. The

identification of such genotypes in France was in agreement with

previous findings highlighting the predominance of HPgV genotype 2

isolates in several human cohorts (blood donors and polytransfused

children), along with the occasional detection of other HPgV

genotypes (ie, 1 and 3).7,8 This predominance was also observed in

studies originating from other European countries, such findings

being suggested, however, by the analysis of partial sequences,

except for the recent characterization of UK full‐length genomes.34

We subsequently characterized seven nearly complete HPgV

sequences, and confirmed their phylogenetic assignation to geno-

types 2 (n = 6) and 1 (n = 1) by analysis of the complete polyprotein

CDS. We observed a moderate genetic divergence among the seven

French isolates (up to 13%) and by comparison with the closest

sequences available in databases (up to 11%). Such moderate

divergence values, also observed (up to 14% genetic diversity) when

including 30 HPgV genotypes 1 to 6 reference sequences, were

considered as typical for members of this viral group.34 Thus, the

observed genetic diversity among French genotype 2 isolates is

consistent with well known aspects of pegiviruses natural history,

that is, a very probable long‐term presence and coevolution of the

virus with humans, combined with multiple routes of transmission,

persistent asymptomatic infections, and high rates of mutation/

replication.2,11,25,27,34

Genomic sequences characterized here did not exhibit evidence

of recombination, such events being potentially retrieved among

pegivirus members as demonstrated for several HPgV isolates

originating from China, Germany, or USA.31,35,44-46 We identified,

however, a 36 nts/12aa deletion located on the NS4B coding region

(N‐terminal part) of the genotype 1 isolate characterized in this

study. By analogy with previous studies focusing on HCV and other

Flaviviridae members, it is probable that pegivirus NS4B would play

an important role on viral replication complex formation, associated

with multiple interactions with cellular proteins as well.23,47,48

Investigation of biological impact of such deletion on viral cycle

would require future studies involving, ideally, a cell line model able

to support viral replication.

Deep sequencing permitted recent advances in deciphering HPgV

diversity, not only by the characterization of new HPgV variants in

diverse biologic samples but also by the discovery of the distantly‐

related hepegivirus 1 (HHpgV‐1), sharing features with HCV and

HPgV, in human blood.28,34,43 Even if HHpgV‐1 sequences were not

identified in our study, probably due to its very low frequency in

human populations, application of our NGS protocol permitted to

collect new data about HPgV genomic diversity, notably at the

intragenotype level, by characterizing French isolates of the virus.

Improving knowledge of the natural history of this intriguing, still

pathologically orphan, class of viruses is a motivating challenge, along

with the investigation of associated genetic diversity among related

hosts. Such perspectives join the dynamic of the fascinating

exploration of the microbial content of human, and nonhuman,

biological samples by deep sequencing strategies.
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