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ABSTRACT Using viral metagenomics, we analyzed the virome of a blood sample
from a hepatitis E patient. We identified viral sequences showing significant similar-
ity to human pegivirus (HPgV), anellovirus, and hepatitis E virus. The near-complete
genome of a genotype 3 HPgV strain was acquired and characterized.

Human pegivirus (HPgV) is an RNA virus belonging to the recently proposed
Pegivirus genus in the Flaviviridae family (1), which can be further grouped into 7

genotypes with distinct geographical distributions (2, 3). Transmission of HPgV through
blood and sexual exposure has been well documented. Following infection, most
people clear their viremia, concomitantly developing antibodies, but the virus can also
cause chronic infection in an estimated 20 to 30% of infected people (4). An HPgV
prevalence of 1 to 4% has been noted among blood donors in developed countries (5).

In February 2016, a 56-year-old female patient was admitted to the Affiliated
Hospital of Jiangsu University complaining of general fatigue for more than 1 month.
On admission, laboratory studies revealed an alanine aminotransferase level of 602
U/liter and an aspartate aminotransferase level of 766 U/liter (normal, �50 U/liter).
Testing for anti-hepatitis E virus (anti-HEV) antibodies and HEV RNA revealed that IgM
was positive, but no IgG or HEV RNA could be detected (6). The serum sample was then
subjected to virus nucleic acid detection using viral metagenomics. Written informed
consent for the publication of clinical details was obtained from the patient.

Library preparation and computational analysis were performed as previously de-
scribed (7, 8). Briefly, the serum sample was filtered through a 0.45-mm filter (Millipore)
to remove eukaryotic and bacterial cell-sized particles and then was subjected to
nuclease enzymes to reduce the concentration of free nucleic acids (8). The remaining
total nucleic acid was then extracted using the QIAamp mini viral RNA kit (Qiagen). The
extracted nucleic acid was subjected to reverse transcription reactions using reverse
transcriptase (SuperScript IV; Invitrogen) and random hexamer primer, followed by a
single round of DNA synthesis using Klenow fragment polymerase (New England
BioLabs). A library was then constructed using the Nextera XT DNA sample preparation
kit (Illumina) and sequenced on the MiSeq Illumina platform, which generated a total
of 57,416 250-bp-long paired-end reads for this particular sample. Bioinformatics
analysis was performed according to previous studies (9, 10). During bioinformatics
analysis, the reads which were identical in their first 5 to 55 bp were considered
identical, and only one random copy of duplicates was kept. The cleaned reads were de
novo assembled within each barcode by SOAPdenovo2 version r240 using a k-mer size
of 63, with default settings. The assembled contigs, along with unassembled reads,
were aligned to the viral proteome database using BLASTx, with an E value cutoff of
�10�5. Candidate viral hits were then compared to an in-house nonvirus nonredun-
dant protein database to remove false-positive viral hits. Contigs without significant
BLASTx similarity to the viral proteome database were searched against viral protein
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families in the vFam database (11) using HMMER3 (12–14) to detect remote viral protein
similarities.

The results indicated that 2,584 sequence reads showed significant sequence sim-
ilarity to the viruses, including, in order of sequence read abundance, HPgV (2,565
reads), anellovirus (15 reads), and hepatitis E virus (4 reads). The other nonviral
sequence reads mostly showed similarity to human, bacterial, and bacteriophage
genomes. The 2,565 HPgV reads could be assembled into an 8,923-bp contig, which
showed 91% nucleotide sequence identity with an HPgV strain (GenBank accession no.

FIG 1 Phylogenetic analysis based on the complete genomes of zj-180501 and 91 other representative HPgVs. Multiple-sequence alignment was performed
in the ClustalW program. The phylogenetic tree was constructed using the neighbor-joining method and evaluated using the interior branch test method with
the MEGA 7 software. Percent bootstrap support is indicated at each node. The GenBank accession number, strain name, and country of isolation for the
reference genomes are given. The HPgV strain identified in this study is marked by a dot.
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U94695) isolated from a hepatitis patient in China in 1997 (15). The nearly complete
genome was then acquired by primer walking based on the genome of accession no.
U94695 and Sanger sequencing; it was found to be 9,157 bp in length and was named
zj-180501. zj-180501 encodes a 2,842-amino acid (aa) polyprotein, showing 99% amino
acid sequence similarity to the polyprotein of an HPgV strain (GenBank accession no.
D87263) isolated from a Japanese patient (16).

Phylogenetic analysis based on the nearly complete genomes of zj-180501 and 91
other representative HPgVs indicated that zj-180501 belonged to genotype 3,
clustering closely with the Chinese HPgV strain with the accession no. U94695, sharing
91.3% nucleotide sequence identity (Fig. 1). Using the Recombination Detection Pro-
gram (RDP) (17), recombination analysis based on the 107 complete genomes of HPgV
strains available in GenBank was performed, which showed no detectable recombinant
sites in zj-180501.

Data availability. The raw sequence reads were deposited in the Sequence Read
Archive with accession no. SRR7691636. The genomic sequences of HPgV zj-180501
were deposited in GenBank under accession no. MH746815.

ACKNOWLEDGMENTS
X.Z. and C.Z. performed the experiments. W.L. and X.Z. analyzed the sequence data

and wrote the manuscript. We read and approved the final manuscript.
We thank Wen Zhang and Shixing Yang at the Department of Microbiology of

Jiangsu University for their technical assistance in sequence analysis and critical reading
of the manuscript.

This work was partly supported by the Key Research and Development Plan of
Zhenjiang under project no. SH2016060 and by Taizhou Science and Technology
Support project no. TS201623.

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.

2. Simons JN, Pilot-Matias TJ, Leary TP, Dawson GJ, Desai SM, Schlauder GG,
Muerhoff AS, Erker JC, Buijk SL, Chalmers ML. 1995. Identification of two
flavivirus-like genomes in the GB hepatitis agent. Proc Natl Acad Sci
U S A 92:3401–3405. https://doi.org/10.1073/pnas.92.8.3401.

3. Feng Y, Zhao W, Feng Y, Dai J, Li Z, Zhang X, Liu L, Bai J, Zhang H, Lu L,
Xia X. 2011. A novel genotype of GB virus C: its identification and
predominance among injecting drug users in Yunnan, China. PLoS One
6:e21151. https://doi.org/10.1371/journal.pone.0021151.

4. George SL, Wünschmann S, McCoy J, Xiang J, Stapleton JT. 2002. Inter-
actions between GB virus type C and HIV. Curr Infect Dis Rep 4:550 –558.
https://doi.org/10.1007/s11908-002-0044-9.

5. Mushahwar IK. 2007. Verses, viruses, and the vulnerability of the blood
supply in industrialized countries. J Med Virol 79:1229 –1237. https://doi
.org/10.1002/jmv.20864.

6. Zhang W, He Y, Wang H, Shen Q, Cui L, Wang X, Shao S, Hua X. 2010.
Hepatitis E virus genotype diversity in eastern China. Emerg Infect Dis
16:1630 –1632. https://doi.org/10.3201/eid1610.100873.

7. Li L, Deng X, Mee ET, Collot-Teixeira S, Anderson R, Schepelmann S,
Minor PD, Delwart E. 2015. Comparing viral metagenomics methods
using a highly multiplexed human viral pathogens reagent. J Virol Methods
213:139–146. https://doi.org/10.1016/j.jviromet.2014.12.002.

8. Zhang W, Li L, Deng X, Blümel J, Nübling CM, Hunfeld A, Baylis SA,
Delwart E. 2016. Viral nucleic acids in human plasma pools. Transfusion
56:2248 –2255. https://doi.org/10.1111/trf.13692.

9. Deng X, Naccache SN, Ng T, Federman S, Li L, Chiu CY, Delwart EL. 2015.
An ensemble strategy that significantly improves de novo assembly of

microbial genomes from metagenomic next-generation sequencing
data. Nucleic Acids Res 43:e46. https://doi.org/10.1093/nar/gkv002.

10. Zhang W, Yang S, Shan T, Hou R, Liu Z, Li W, Guo L, Wang Y, Chen P,
Wang X, Feng F, Wang H, Chen C, Shen Q, Zhou C, Hua X, Cui L, Deng
X, Zhang Z, Qi D, Delwart E. 2017. Virome comparisons in wild-diseased
and healthy captive giant pandas. Microbiome 5:90. https://doi.org/10
.1186/s40168-017-0308-0.

11. Skewes-Cox P, Sharpton TJ, Pollard KS, DeRisi JL. 2014. Profile hidden
Markov models for the detection of viruses within metagenomic se-
quence data. PLoS One 9:e105067. https://doi.org/10.1371/journal.pone
.0105067.

12. Johnson LS, Eddy SR, Portugaly E. 2010. Hidden Markov model speed
heuristic and iterative HMM search procedure. BMC Bioinformatics 11:
431. https://doi.org/10.1186/1471-2105-11-431.

13. Eddy SR. 2009. A new generation of homology search tools based on
probabilistic inference. Genome Inform 23:205–211.

14. Finn RD, Clements J, Eddy SR. 2011. HMMER Web server: interactive
sequence similarity searching. Nucleic Acids Res 39:W29 –W37. https://
doi.org/10.1093/nar/gkr367.

15. Wang HL, Jin DY. 1997. Prevalence and genotype of hepatitis G virus in
Chinese professional blood donors and hepatitis patients. J Infect Dis
175:1229 –1233. https://doi.org/10.1086/593676.

16. Nakao H, Okamoto H, Fukuda M, Tsuda F, Mitsui T, Masuko K, Iizuka H,
Miyakawa Y, Mayumi M. 1997. Mutation rate of GB virus C/hepatitis G
virus over the entire genome and in subgenomic regions. Virology
233:43–50. https://doi.org/10.1006/viro.1997.8615.

17. Martin DP, Murrell B, Golden M, Khoosal A, Muhire B. 2015. RDP4: detection
and analysis of recombination patterns in virus genomes. Virus Evol
1:vev003. https://doi.org/10.1093/ve/vev003.

Microbiology Resource Announcement

Volume 8 Issue 4 e01151-18 mra.asm.org 3

https://www.ncbi.nlm.nih.gov/nuccore/U94695
https://www.ncbi.nlm.nih.gov/nuccore/U94695
https://www.ncbi.nlm.nih.gov/nuccore/D87263
https://www.ncbi.nlm.nih.gov/nuccore/U94695
https://www.ncbi.nlm.nih.gov/sra/SRR7691636
https://www.ncbi.nlm.nih.gov/nuccore/MH746815
https://doi.org/10.1099/vir.0.027490-0
https://doi.org/10.1073/pnas.92.8.3401
https://doi.org/10.1371/journal.pone.0021151
https://doi.org/10.1007/s11908-002-0044-9
https://doi.org/10.1002/jmv.20864
https://doi.org/10.1002/jmv.20864
https://doi.org/10.3201/eid1610.100873
https://doi.org/10.1016/j.jviromet.2014.12.002
https://doi.org/10.1111/trf.13692
https://doi.org/10.1093/nar/gkv002
https://doi.org/10.1186/s40168-017-0308-0
https://doi.org/10.1186/s40168-017-0308-0
https://doi.org/10.1371/journal.pone.0105067
https://doi.org/10.1371/journal.pone.0105067
https://doi.org/10.1186/1471-2105-11-431
https://doi.org/10.1093/nar/gkr367
https://doi.org/10.1093/nar/gkr367
https://doi.org/10.1086/593676
https://doi.org/10.1006/viro.1997.8615
https://doi.org/10.1093/ve/vev003
https://mra.asm.org

	Data availability. 
	ACKNOWLEDGMENTS
	REFERENCES

