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Dear Editor,

Pegivirus hominis (HPgV), originally called GB virus C (GBV-C) or
Hepatitis G virus (HGV), is a single-stranded positive-sense RNA virus
belonging to the genus Pegivirus within the family Flaviviridae, with a
genome of approximately 9.4 kb in length. HPgV is currently classified into
six genotypes (human pegivirus genotype 1-6) (ICTV: https://ictv.global/r
eport/chapter/flaviviridae/flaviviridae/pegivirus). HPgV is primarily
transmitted through blood exposure, sexual contact, and vertical trans-
mission (Takayama et al., 1999; Bhanich Supapol et al., 2011; Anggorowati
et al., 2013), and is capable of establishing persistent infection in humans
(Chivero and Stapleton, 2015). Although it has not been definitively linked
to specific clinical symptoms or diseases, numerous studies have indicated
that HPgV infection is associated with a slower progression of Acquired
Immunodeficiency Syndrome (AIDS) by interfering with the replication of
human immunodeficiency virus type 1 (HIV-1) or enhancing host immune
competence (Rey et al., 2000; Tillmann and Manns, 2001; Nunnari et al.,
2003; Stapleton et al., 2012). However, some studies have proposed that
HPgV co-infection may be associated with disease exacerbation in patients
with encephalitis or lymphoma (Tuddenham et al., 2020; Fama et al., 2020;
He et al., 2025). The prevalence of HPgV exhibits considerable variation
across different regions and populations. However, it should be noted that
the prevalence data reported in early literature are difficult to interpret
directly, as different studies used different detection methods, and even the
detection protocols were not standardized (Zhou et al., 1997; Wang et al.,
2019). Given its high prevalence and uncertain clinical effects, further
investigation is warranted to clarify the clinical significance of HPgV
co-infection.

* Corresponding authors.

To date, research has primarily focused on the epidemiology of HPgV
in different countries and populations, as well as its mechanisms of
interaction with other viruses. In contrast, studies on its genetic diversity
and geographical evolutionary distribution have been relatively limited,
with the transmission and evolutionary dynamics within specific
regional populations remaining insufficiently explored. In this study,
HPgV was detected in serum samples from patients under active sur-
veillance at a sentinel hospital in Heilongjiang Province, China. This
study aims to elucidate the genotypic distribution and genetic variation
of HPgV in Heilongjiang Province through phylogenetic analysis of the
obtained viral genomes, thereby exploring its phylogeographic charac-
teristics. Our findings can provide scientific data to support further
research on the genetic evolution of HPgV.

Participants were recruited from individuals under active surveil-
lance at the sentinel hospital (Mudanjiang Forestry Central Hospital,
Heilongjiang Province, northeast China), between May 31 and July 31 in
2023 and 2024. A total of 838 serum samples were collected for meta-
transcriptomic sequencing to identify HPgV infections. Demographic
information, clinical manifestations, underlying diseases, laboratory
tests, and treatment outcomes were also recorded (Supplementary
Table S1). Five complete viral genomes were recovered from the met-
atranscriptomic sequencing of serum samples from five distinct subjects.
In this study, the seroprevalence of HPgV was 0.6%. Two meta-tran-
scriptome-assembly genomes (MAGs), designated MDJ24-41 and
MDJ24-44, were obtained from two participants enrolled in 2024
(Case 4 and Case 5). The remaining three MAGs (XQ142, XQ403, and
XQ449) were obtained from three participants enrolled in 2023 (Case
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1-3). To verify the HPgV sequences identified by metatranscriptomic
sequencing and obtain longer genomic fragments, specific primers were
designed for real-time RT-PCR. All primer sequences used in this study
are listed in Supplementary Table S2. The amplification products of the
positive samples were confirmed by Sanger sequencing. All five viral
sequences were deposited in GenBank under accession numbers
PX993630-PX993634.

Genus-level phylogenetic analysis based on the conserved NS3 and
NS5B regions showed that all five sequences clustered with HPgV. The
amino acid p-distances between these strains and known HPgV strains
ranged from 0.007 to 0.13 in the NS3 region and 0.006 to 0.175 in the
NS5B region. Therefore, all five genomes were classified as HPgV
(Fig. 1A). The host range of Pegivirus is broad, with the highest preva-
lence observed in rodents and primates. In contrast, the HPgV species
identified in this study infects humans, and it is mainly transmitted
through blood exposure, sexual contact, and vertical transmission.

To determine the genotype of the HPgV sequences identified in this
study, we performed species-level phylogenetic analysis within HPgV.
Whole-genome phylogenetic analysis demonstrated that all sequences
from this study clustered with Human pegivirus genotype 3 (Fig. 1B). The
nucleotide p-distances between these sequences and the genotype 3
reference sequence (GenBank: D87713) were the lowest in the conserved
regions, ranging from 0.109 to 0.114 in the NS3 region and 0.069 to 0.079
in the NS5B region (Fig. 1C). Phylogeographic mapping based on global
HPgV complete genome data revealed spatial clustering of genotypes 1-6.
Genotype 1 was primarily distributed across African countries; genotype 2
across Europe and the Americas; genotypes 3, 4, and 6 mainly in China
and Japan; and genotype 5 in Africa and Europe (Fig. 2A).

Further phylogenetic analysis of individual protein-coding regions
showed that, in the NS4A region, the HPgV sequences from this study
did not cluster entirely with the genotype 3 reference sequences, which
was inconsistent with the patterns observed in other genomic regions
and the whole-genome phylogenetic tree (Fig. 1D). To determine
whether recombination contributed to this inconsistency, we performed
recombination analysis using RDP4. No significant recombination sig-
nals were detected, indicating that recombination is unlikely to account
for the observed discordance (Supplementary Fig. S1). Human pegivirus
genotype 3 sequences that should have clustered together exhibited
abnormal clustering in the phylogenetic trees of the 5’'UTR, Y, NS4A, and
NS4B regions (Fig. 1D), which may be associated with base mutations in
these regions. This phenomenon is not uncommon in Hepacivirus and
Pestivirus (Simmonds et al., 2025), yet it is often overlooked in geno-
typing studies. Our findings highlight the importance of considering
potential discrepancies introduced by subgenomic regions when per-
forming phylogenetic classification, particularly for viruses with high
genetic diversity. Therefore, whole-genome clustering is considered to
more accurately reflect the phylogenetic relationships.

Moreover, base mutations led to amino acid mutations. Therefore,
the study sequences were aligned with the amino acid sequences of 50
genotype 3 reference strains, and 10 specific mutation sites were iden-
tified at positions aa223, aa411, aa587, aa706, aa734, aa802, aal887,
aal970, aa2307, and aa2552 (Fig. 2B). In the structural protein region
E2, aa223 was Pro in XQ142, and Ser in the remaining sequences. aa411
was Val in XQ449, and Gly in the remaining sequences. aa587 was Gln in
MDJ24-41, and His/Asn/Asp in the remaining sequences. In the non-
structural protein region NS2, aa706 in XQ403 was Met, while the
others were Val/Leu. aa734 in XQ449 was Arg, while the others were
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Lys. aa802 in XQ142 was Thr, while the others were Ile/Val. In the non-
structural protein region NS5A, aal887 was Ile in XQ403, and Leu/Val
in the remaining sequences. aal970 was Ala in XQ403, and Thr/Ile in
the remaining sequences. aa2307 was Val in XQ142, and Thr in the
remaining sequences. aa2552 was Asp in MDJ24-44 and XQ449, and
Glu/Gln in the remaining sequences. It was found that the mutation at
position aa587 is present not only in HPgV genotype 3 but also in ge-
notypes 1, 4, and 5. The mutation at aa734 is also observed in genotype
1, and the variation at aa2552 is present in genotypes 1 and 2. These
mutations are speculated to be potential evolutionary markers of HPgV
strains in northeast China.

Notably, among the five cases, Case 4, who presented with the most
severe clinical symptoms, harbored an amino acid variation at position
aa587 in the E2 region (His/Asn/Asp—Gln). However, given that HPgV is
generally considered non-pathogenic in immunocompetent individuals
(Yang et al., 2020) and that no consistent clinical manifestations were
observed across the five cases, the relationship between these amino acid
variations and clinical symptoms remains unclear. It is also worth noting
that whether these cases represented acute or persistent HPgV infection
could not be determined due to the lack of longitudinal samples. Further
studies with larger sample sizes and longitudinal follow-up are needed to
explore the potential clinical significance of these mutations.

In conclusion, we identified and characterized HPgV strains circu-
lating in Heilongjiang Province, China, based on serum samples
collected from a sentinel hospital. Phylogenetic analysis based on whole-
genome sequences revealed that all obtained HPgV strains clustered
within the established Human pegivirus genotype 3 clade, exhibiting
high homology with previously reported strains from Asian regions,
including China, Japan, and Thailand. These results suggest the poten-
tial existence of a regional transmission chain or a shared evolutionary
history in East Asia. Notably, some sequences exhibited divergent clus-
tering in the NS4A region, and amino acid alignment identified ten
specific mutation sites. This study is the first report of HPgV genotype 3
strains in Heilongjiang Province, China, which expands the known
geographic distribution of this virus and reveals its genetic diversity in
East Asia. Furthermore, this study demonstrates that subgenomic
alignments can lead to different lineage assignments—a finding that
underscores the importance of using near-full-length genomes for ac-
curate genotyping. In addition, phylogeographic analysis reveals spatial
clustering in the distribution of Human pegivirus genotypes 1-6. The
results of this study emphasize the necessity of continuous monitoring
and further research on HPgV, particularly regarding its mechanism of
action, clinical impacts, and potential for vaccine development.

However, this study also has certain limitations. The HPgV preva-
lence reported in this study (0.6%) was lower than the prevalence pre-
viously reported in healthy Chinese adults (Wang et al., 2019), which is
likely due to the lower sensitivity of metagenomic sequencing compared
with targeted RT-PCR approaches. Therefore, the true local HPgV
prevalence may have been underestimated in this study. Furthermore,
this study was limited to surveillance samples from a single sentinel
hospital and therefore may not reflect the true prevalence of HPgV in
this region. In addition, due to the limited sample size and the lack of
longitudinal control samples, the association between HPgV infection
and clinical symptoms requires further investigation and validation.
Future studies should expand the monitoring scope, conduct in-depth
analyses combined with clinical data, and explore the epidemiological
and evolutionary dynamics of HPgV in high-risk environments.

Fig. 1. A Phylogenetic analysis of viruses in the genus Pegivirus based on the NS3 protein and NS5B protein. Phylogenetic trees with distinct background colors
denoting different regions; viruses detected in this study are marked with red solid circles and the outer circle colors represent the host species of the corresponding
sequences. B Phylogeny of Pegivirus hominis (HPgV) based on the full genome. The color of the inner circle represents the country of origin for each sequence, and the
color of the outer circle denotes its genotype. Sequences obtained in this study are marked in gray. C Matrix bubble plots of nucleotide p-distance between sequences
from this study and sequences of different genotypes of HPgV, based on NS3 peptide segments (up) and NS5B peptide segments (down). Bubble color and size
indicate the degree of inter-sequence divergence, and the values in the cells represented the magnitude of nucleotide p-distance from different genotypes. D Phy-
logeny of HPgV based on nucleotide sequences of different peptide segments. Different colors correspond to distinct genotypes. Sequences obtained in this study are

marked in gray.
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