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Characterization of near-complete human Pegivirus 2 (HPgV-2)
genomes in individuals co-infected with hepatitis C virus (HCV)

in Cameroon
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ABSTRACT Human pegivirus (HPgV) genomes were detected in HCV-infected plasma
via nanopore metagenomics. Six nearly complete HPgV-2 genomes were identified.
Phylogenetic analysis confirmed HPgV-2 genotype. This study reveals co-infection
dynamics, highlights viral diversity, and supports improved diagnostics.
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uman pegivirus (HPgV), a member of the Pegivirus genus within the Flaviviridae

family (1), is classified into two distinct types: HPgV-1 and HPgV-2 (2, 3). HPgV-1,
formerly known as GB virus C (GBV-C) or hepatitis G virus, is the most common virus.
It is a 9.3-kb single-stranded, positive-sense RNA virus capable of persistent infection,
although it has not been associated with hepatitis or other clinical symptoms or disease
(4). HPgV-2 is less common and frequently detected in individuals with hepatitis C virus
infection (5); however, it is also not known to cause liver disease (6).

HPgV-2 is a recently identified virus and is genetically distant from HPgV-1, sharing
less than 32% amino acid identity with related pegiviruses found in rodents and bats
(7, 8). HPgV-2 infections have been reported in several countries, including the United
States, United Kingdom, Germany, Iran, and China (7-14). Despite its global distribution,
data on HPgV-2 remain limited in Cameroon. Furthermore, no complete genome is
available from Africa. The present study aimed to fill this gap by characterizing HPgV-2
using complete genomic data from HCV-co-infected individuals in Cameroon.

Approved by the local ethics committee (CRERSH/C E00571/CERSH/C/2023), this
study presents the genomic characterization of human pegivirus 2 (HPgV-2) genomes
from Central Africa. It is based on a retrospective cohort of 100 plasma samples that
tested positive for HCV RNA using the Abbott RealTime HCV assay (Abbott Molecular,
USA), with a viral load >100 IU/mL, collected in Yaoundé, Cameroon, between 2013
and 2023. Metagenomic analysis identified six HPgV-2 co-infections. Then, 200 pL
of plasma was extracted from each sample using Quick-DNA/RNA pathogen mini-
prep kit (Zymo Research, California, USA) and eluted in 50 pL of Dnase/Rnase-Free
water, and viral genomes were sequenced using Sequence-Independent, Single-Primer
Amplification (SISPA) (15) method on the Oxford Nanopore platform (Gridlon, R10.4.1
flow cells); purified nucleic acids were cleaned using RNA Clean XP beads (Beckman
Coulter, California, USA) prior to complementary DNA (cDNA) synthesis with Super-
Script IV Reverse Transcriptase (Thermo Fisher Scientific, USA). Reverse transcription
was performed using a nanomer-linked primer, Sol-PrimerA (5-GTTTCCCACTGGAGGATA
-N9-3'), designed to randomly anneal to nucleic acid templates. Second-strand synthe-
sis was subsequently carried out using Sequenase DNA polymerase (Thermo Fisher
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FIG 1 Phylogenetic tree based on the nearly complete genomes of HPgV-2 strains available in GenBank. The accession

number and country of origin are indicated for each HPgV-2 strain used in the phylogenetic analysis. Strains identified in this

study are marked with a black triangle (A). Numbers along the branches indicate bootstrap values. A bootstrap analysis with

1000 replicates was performed, and only bootstrap values greater than 70% are shown. The multiple sequence alignment was

performed using MUSCLE as implemented in MEGA 12. The tree was constructed using the maximum likelihood method and

the Kimura 2-parameter model. GenBank was accessed in April 2024.

Scientific, USA). The resulting double-stranded cDNA was amplified by PCR with Phusion
High-Fidelity DNA polymerase (ThermoFisher Scientific, USA) and Sol-PrimerB (5-GTTT
CCCACTGGAGGATA-3), as previously described (15). SISPA amplicon libraries were then
constructed using the Native Barcoding Kit (SQK-NBD114.24) and sequenced on an
R10.4.1 flow cell (FLO-MIN114; Oxford Nanopore Technologies, Oxford Science Park, UK)

TABLE 1 Characterization of the six HPgV-2 genomes identified

Accession Year of Total reads G+C Genome Average Closest % Similarity Source SRA accession
number collection content length (bp) depth (x) GenBank hit country/year
of sampling

PX313739 2016 714,247 59.6% 8,966 140 AB003291 91.69% Japan/1997  SRX31829865
PX693666 2016 601,245 59.7% 9,386 110 0Q791469 98.38% Nigeria/2023 SRX31829866
PX693667 2017 632,174 59.6% 9,381 120 KP710599 96.63% Nigeria/2017 SRX31829867
PX693668 2017 526,451 59.5% 9,378 100 KP710599 95.81% USA/2015 SRX31829868
PX694297 2017 425,158 59.5% 9,371 80 KP710598 95.94% USA/2015 SRX31829869
PX694298 2017 584,578 59.4% 9,387 110 KP710599 98.75% USA/2015 SRX31829870
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in accordance with the manufacturer’s protocol. Subsequent bioinformatic processing
was performed as follows: The cleaned reads were taxonomically classified with Kraken2
(v2.1.3) against the MiniKraken2 database (April 2019 version), and the results were
visualized using Krona (DOI: 10.1186/1471-2105-12-385). The viral reads were extracted
using KrakenTools (DOI: 10.1186/513059-019-1891-0) and underwent de novo assem-
bly with MEGAHIT (v1.2.9) (DOI: 10.1093/bioinformatics/btv033). For each sample, the
longest contig generated was aligned against the NCBI nucleotide database via BLASTn
(DOI: 10.1016/5S0022-2836 (05)80360-2). The most closely matching viral reference
sequence was retrieved and used for scaffolding with the contigs generated using the
assembly.py script in the viral-ngs environment (https://github.com/broadinstitute/viral-
ngs [16]). Gaps in the scaffold were filled by referencing the selected NCBI reference
sequence. This refined hybrid scaffold served as the reference for mapping reads: the
cleaned reads were aligned with MiniMap2 (v2.24), and the resulting alignment was
polished using Medaka (v1.7.2) to generate a final consensus sequence. The depth and
extent of genome coverage were then calculated from the polished alignment. This
process yielded six high-quality, nearly complete HPgV-2 genomes (approximately 9,000
bp each), with each sequence covering >90% of the length of its closed complete
reference genome in GenBank, an average depth of 122x, and a GC content of 58.5%
(17). All sequences showed greater than 90% nucleotide similarity to known HPgV-2
reference sequences as determined by BLASTn (NCBI, accessed April 2024), and their
detection in multiple patients confirms active local circulation. Notably, phylogenetic
analysis revealed tight clustering with global strains, indicating significant genomic
conservation worldwide (Fig. 1). The characteristics of six consensus sequences are
provided in (Table 1).

In conclusion, this study not only describes a rare virus but also demonstrates the
utility of proactive genomic surveillance in Africa. It fills a critical gap in global knowl-
edge while strengthening local capacities and providing essential data for regional
public health.

ACKNOWLEDGMENTS

This work received no funding.

We would like to thank the medical analysis technicians at the virology laboratory
of the Pasteur Center of Cameroon for their contributions to sample collection and viral
load quantification. We also thank the staff at the Pasteur Institute of Cambodia, Virology
Unit, for the metagenomic and bioinformatics analyses.

AUTHOR AFFILIATIONS

'Department of Virology, Centre Pasteur of Cameroon, Yaoundé, Cameroon

’Department of Microbiology, Faculty of Sciences University of Yaounde |, Yaounds,
Cameroon

*Virology Unit, Institut Pasteur du Cambodge, Pasteur Network, Phnom Penh, Cambodia

AUTHOR ORCIDs

Erik A. Karlsson 2 http://orcid.org/0000-0001-6004-5671
Janin Nouhin @ http://orcid.org/0000-0003-4985-8377
Richard Njouom 2 http://orcid.org/0000-0003-3112-6370

AUTHOR CONTRIBUTIONS

Aristide Mounchili-Njifon, Data curation, Formal analysis, Methodology, Software, Writing
- original draft, Writing — review and editing | Vireak Heang, Formal analysis, Methodol-
ogy, Software, Supervision | Leakhena Pum, Data curation, Formal analysis, Methodology,
Software | Loique Landry E. Messanga, Formal analysis, Software, Supervision, Valida-
tion | Moise Henri Moumbeket-Yifomnjou, Data curation, Formal analysis, Investigation,
Methodology | Abdou Fatawou Modiyinji, Data curation, Formal analysis, Investigation,

April 2026 Volume 15 Issue 4

Microbiology Resource Announcements

10.1128/mra.00069-26 3


https://github.com/broadinstitute/viral-ngs
http://orcid.org/0000-0001-6004-5671
http://orcid.org/0000-0003-4985-8377
http://orcid.org/0000-0003-3112-6370
https://doi.org/10.1128/mra.00069-26

Announcement

Methodology | Desmon Toutou Toutou Tsafack, Formal analysis, Software, Supervision,
Validation | Ladifatou Nzi Mbouo-Njoya, Data curation, Formal analysis, Investigation,
Methodology | Simon Frederic Lissock, Data curation, Formal analysis, Methodology,
Validation | Pretty Rosereine Mbouyap, Data curation, Formal analysis, Investigation,
Supervision | Jean Paul Assam Assam, Conceptualization, Data curation, Methodology,
Validation | Erik A. Karlsson, Conceptualization, Formal analysis, Investigation, Supervi-
sion | Janin Nouhin, Conceptualization, Data curation, Supervision, Validation, Writing —
review and editing | Richard Njouom, Conceptualization, Supervision, Validation, Writing
- review and editing

DATA AVAILABILITY

The near-complete genome sequences have been deposited in the GenBank data-
base under accession nos. PX313739, PX693666, PX693667, PX693668, PX694297, and
PX694298. The raw NGS reads have been published in the European Nucleotide Archive
(BioSamples) under the SRA accession nos. SRX31829865, SRX31829866, SRX31829867,

Microbiology Resource Announcements

SRX31829868, SRX31829869, and SRX31829870.

REFERENCES

1.

Stapleton JT, Foung S, Muerhoff AS, Bukh J, Simmonds P. 2011. The GB
viruses: a review and proposed classification of GBV-A, GBV-C (HGV), and
GBV-D in genus pegivirus within the family Flaviviridae. J Gen Virol
92:233-246. https://doi.org/10.1099/vir.0.027490-0

Chen S, Wang H, Dzakah EE, Rashid F, Wang J, Tang S. 2022 The second
human pegivirus, a non-pathogenic RNA virus with low prevalence and
minimal genetic diversity. Viruses 14:1844. https://doi.org/10.3390/v140
91844

Stapleton JT. 2022. Human pegivirus type 1: a common human virus that
is beneficial in immune-mediated disease? Front Immunol 13:887760. ht
tps://doi.org/10.3389/fimmu.2022.887760

Thurner C, Witwer C, Hofacker IL, Stadler PF. 2004. Conserved RNA
secondary structures in Flaviviridae genomes. J Gen Virol 85:1113-1124.
https://doi.org/10.1099/vir.0.19462-0

Rodgers MA, Holzmayer V, Vallari A, Olivo A, Forberg K, Fuhrman J, Coller
KE, Awazi B, Kenmegne Sidje JB, Frankel MB, Berg MG, Mbanya D,
Ndembi N, Cloherty GA. 2019. Hepatitis C virus surveillance and
identification of human pegivirus 2 in a large Cameroonian cohort. J
Viral Hepat 26:30-37. https://doi.org/10.1111/jvh.12996

Wan Z, Liu J, Hu F, Shui J, Li L, Wang H, Tang X, Hu C, Liang Y, Zhou Y, Cai
W, Tang S. 2020. Evidence that the second human pegivirus (HPgV-2) is
primarily a lymphotropic virus and can replicate independent of HCV
replication. Emerg Microbes Infect 9:485-495. https://doi.org/10.1080/2
2221751.2020.1730247

Kapoor A, Kumar A, Simmonds P, Bhuva N, Singh Chauhan L, Lee B, Sall
AA, Jin Z, Morse SS, Shaz B, Burbelo PD, Lipkin WI. 2015. Virome analysis
of transfusion recipients reveals a novel human virus that shares
genomic features with hepaciviruses and pegiviruses. mBio 6:e01466—
01415. https://doi.org/10.1128/mBi0.01466-15

Berg MG, Lee D, Coller K, Frankel M, Aronsohn A, Cheng K, Forberg K,
Marcinkus M, Naccache SN, Dawson G, Brennan C, Jensen DM, Hackett J
Jr, Chiu CY. 2015. Discovery of a novel human pegivirus in blood
associated with hepatitis C virus co-infection. PLoS Pathog 11:€1005325.
https://doi.org/10.1371/journal.ppat.1005325

Bonsall D, Gregory WF, Ip CLC, Donfield S, lles J, Ansari MA, Piazza P,
Trebes A, Brown A, Frater J, Pybus OG, Goulder P, Klenerman P, Bowden
R, Gomperts ED, Barnes E, Kapoor A, Sharp CP, Simmonds P. 2016.
Evaluation of viremia frequencies of a novel human pegivirus by using
bioinformatic screening and PCR. Emerg Infect Dis 22:671-678. https://d
0i.0org/10.3201/eid2204.151812

April 2026 Volume 15 Issue 4

10.

11.

12.

13.

14.

15.

16.

17.

Wang H, Wan Z, Xu R, Guan Y, Zhu N, Li J, Xie Z, Lu A, Zhang F, Fu Y, Tang
S. 2018. A novel human pegivirus, HPgV-2 (HHpgV-1), is tightly
associated with hepatitis C virus (HCV) infection and hcv/human
immunodeficiency virus type 1 coinfection. Clin Infect Dis 66:29-35. http
s://doi.org/10.1093/cid/cix748

Frankel M, Forberg K, Coller KE, Berg MG, Hackett J Jr, Cloherty G,
Dawson GJ. 2017. Development of a high-throughput multiplexed real
time RT-PCR assay for detection of human pegivirus 1 and 2. J Virol
Methods 241:34-40. https://doi.org/10.1016/j.jviromet.2016.12.013
Kandathil AJ, Breitwieser FP, Sachithanandham J, Robinson M, Mehta
SH, Timp W, Salzberg SL, Thomas DL, Balagopal A. 2017. Presence of
human hepegivirus-1 in a cohort of people who inject drugs. Ann Intern
Med 167:1-7. https://doi.org/10.7326/M17-0085

Coller KE, Berg MG, Frankel M, Forberg K, Surani R, Chiu CY, Hackett J Jr,
Dawson GJ. 2016. Antibodies to the novel human pegivirus 2 are
associated with active and resolved infections. J Clin Microbiol 54:2023-
2030. https://doi.org/10.1128/JCM.00515-16

Bijvand Y, Aghasadeghi MR, Sakhaee F, Pakzad P, Vaziri F, Saraji AA,
Jamnani FR, Siadat SD, Fateh A. 2018. First detection of human
hepegivirus-1 (HHpgV-1) in Iranian patients with hemophilia. Sci Rep
8:5036. https://doi.org/10.1038/s41598-018-23490-4

Chrzastek K, Lee D-H, Smith D, Sharma P, Suarez DL, Pantin-Jackwood M,
Kapczynski DR. 2017. Use of sequence-independent, single-primer-
amplification (SISPA) for rapid detection, identification, and characteriza-
tion of avian RNA viruses. Virology (Auckl) 509:159-166. https://doi.org/1
0.1016/j.virol.2017.06.019

Lewandowski K, Xu Y, Pullan ST, Lumley SF, Foster D, Sanderson N,
Vaughan A, Morgan M, Bright N, Kavanagh J, Vipond R, Carroll M,
Marriott AC, Gooch KE, Andersson M, Jeffery K, Peto TEA, Crook DW,
Walker AS, Matthews PC. 2019. Metagenomic nanopore sequencing of
influenza virus direct from clinical respiratory samples. J Clin Microbiol
58:00963-19. https://doi.org/10.1128/JCM.00963-19

O’Leary NA, Wright MW, Brister JR, Ciufo S, Haddad D, McVeigh R, Rajput
B, Robbertse B, Smith-White B, Ako-Adjei D, et al. 2016. Reference
sequence (RefSeq) database at NCBI: current status, taxonomic
expansion, and functional annotation. Nucleic Acids Res 44:D733-D745.
https://doi.org/10.1093/nar/gkv1189

10.1128/mra.00069-26 4


https://www.ncbi.nlm.nih.gov/nuccore/PX313739
https://www.ncbi.nlm.nih.gov/nuccore/PX693666
https://www.ncbi.nlm.nih.gov/nuccore/PX693667
https://www.ncbi.nlm.nih.gov/nuccore/PX693668
https://www.ncbi.nlm.nih.gov/nuccore/PX694297
https://www.ncbi.nlm.nih.gov/nuccore/PX694298.1/
https://www.ncbi.nlm.nih.gov/sra/?term=SRX31829865
https://www.ncbi.nlm.nih.gov/sra/SRX31829866
https://www.ncbi.nlm.nih.gov/sra/SRX31829867
https://www.ncbi.nlm.nih.gov/sra/?term=SRX31829868
https://www.ncbi.nlm.nih.gov/sra/SRX31829869
https://www.ncbi.nlm.nih.gov/sra/SRX31829870
https://doi.org/10.1099/vir.0.027490-0
https://doi.org/10.3390/v14091844
https://doi.org/10.3389/fimmu.2022.887760
https://doi.org/10.1099/vir.0.19462-0
https://doi.org/10.1111/jvh.12996
https://doi.org/10.1080/22221751.2020.1730247
https://doi.org/10.1128/mBio.01466-15
https://doi.org/10.1371/journal.ppat.1005325
https://doi.org/10.3201/eid2204.151812
https://doi.org/10.1093/cid/cix748
https://doi.org/10.1016/j.jviromet.2016.12.013
https://doi.org/10.7326/M17-0085
https://doi.org/10.1128/JCM.00515-16
https://doi.org/10.1038/s41598-018-23490-4
https://doi.org/10.1016/j.virol.2017.06.019
https://doi.org/10.1128/JCM.00963-19
https://doi.org/10.1093/nar/gkv1189
https://doi.org/10.1128/mra.00069-26

	Characterization of near-complete human Pegivirus 2 (HPgV-2) genomes in individuals co-infected with hepatitis C virus (HCV) in Cameroon

