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ABSTRACT
The second human pegivirus HPgV-2 is a novel blood-borne virus that is strongly associated with the hepatitis C virus
(HCV) infection. However, the molecular evidence for their association as well as the natural history and tissue tropism
of HPgV-2 remain to be elucidated. In this longitudinal study, a total of 753 patients including 512 HIV-1 and HCV co-
infected patients were enrolled to characterize the natural history of HPgV-2 infection. Peripheral blood mononuclear
cells (PBMCs) and liver biopsies were collected to determine the tissue tropism of HPgV-2 using immunohistochemical
staining of the HPgV-2 antigen and in situ hybridization of HPgV-2 RNA. We documented both persistent HPgV-2
infection with the presence of HPgV-2 viral RNA and antibodies up to 4.6 years and resolved HPgV-2 infection,
accompanied by a simultaneous decline of anti-HPgV-2 antibodies and clearance of HPgV-2 viremia. Furthermore, we
observed the clearance of HCV, but not HPgV-2, by treatment with direct-acting antivirals (DAAs). Biochemical tests
and pathological analyses did not reveal any indication of hepatic impairment caused by HPgV-2. HPgV-2 RNA and
nonstructural antigen were detected in the lymphocytes, but not in the hepatocytes present in the liver biopsy
samples. In addition, both positive- and negative-strand HPgV-2 RNAs were detected in PBMCs, especially in B cells.
The present study is the first to provide evidence that HPgV-2 is a lymphotropic, but not a hepatotropic virus and that
HPgV-2 replication is independent of HCV viremia. These new findings let us gain insights into the evolution and
persistent infection of RNA viruses in humans.
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Introduction

Since the discovery of the first human pegivirus
(HPgV) in 1995 [1], a growing number of pegiviruses
have been identified in a wide range of hosts [1–7].
These positive-sense, single-stranded RNA viruses
have recently been classified into eleven species (Pegi-
virus A-K) within the pegivirus genus of the Flaviviri-
dae family [8]. Among them, two pegiviruses are
known to infect humans, i.e. HPgV, formerly called
hepatitis G virus (HGV) [9] or GB virus type C
(GBV-C) [1], and the second human pegivirus
(HPgV-2) [10] or human hepegivirus-1 (HHpgV-1)
[5]. HPgV-2 was first reported in the US in 2015 [5,
10], and has since been documented in the UK,
China, Vietnam, Cameroon, and Iran [11–16].

HPgV is believed to be a lymphotropic, but not a hepa-
totropic virus [17, 18], and can persistently infect humans
without illness [19]. However, recent meta-analysis as
well as several large studies all support a positive associ-
ation of HPgV viremia with lymphoma [20–23]. Interest-
ingly, there is some relevant information on pegivirus
infection in animals. A pegivirus identified in horses
appears to have been associated with an outbreak of
equine serum hepatitis in the US [3]. Additionally, in
2016, a porcine pegivirus (PPgV)was shown to cause per-
sistent infection and to generate histopathogenic changes
in the liver [2]. These results suggested that PPgVmay be
hepatotropic and/or lymphotropic [24].

Previous studies revealed a low prevalence of HPgV-
2 viremia in the general population, and an increased

© 2020 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group, on behalf of Shanghai Shangyixun Cultural Communication Co., Ltd
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

CONTACT Shixing Tang tamgshixing@smu.edu.cn Department of Epidemiology, Guangdong Provincial Key Laboratory of Tropical Disease Research,
School of Public Health, Southern Medical University, No. 1838 North Guangzhou Avenue, Guangzhou 510515, People’s Republic of China; Weiping Cai
gz8hcwp@126.com Infectious Disease Center, Guangzhou Eighth People’s Hospital, Guangzhou Medical University, Guangzhou, People’s Republic of
China; Yuanping Zhou yuanpingzhou@163.com Department of Infectious Diseases, Nanfang Hospital, Southern Medical University, Guangzhou,
People’s Republic of China
*Authors Zhengwei Wan, Junwei Liu, Fengyu Hu and Jingwei Shui contributed equally to this manuscript.

Supplemental data for this article can be accessed at https://doi.org/10.1080/22221751.2020.1730247

Emerging Microbes & Infections
2020, VOL. 9
https://doi.org/10.1080/22221751.2020.1730247

http://crossmark.crossref.org/dialog/?doi=10.1080/22221751.2020.1730247&domain=pdf&date_stamp=2020-02-24
http://orcid.org/0000-0002-2493-396X
http://orcid.org/0000-0002-1287-0623
http://orcid.org/0000-0001-9637-1874
http://creativecommons.org/licenses/by/4.0/
mailto:tamgshixing@smu.edu.cn
mailto:gz8hcwp@126.com
mailto:yuanpingzhou@163.com
https://doi.org/10.1080/22221751.2020.1730247
http://www.iom3.org/
http://www.tandfonline.com


prevalence in patients infected with hepatitis C virus
(HCV) [10, 12, 13, 15] as well as in people who inject
drugs (PWID) and are co-infected with HCV and
human immunodeficiency virus type one (HIV-1)
[11, 15, 25, 26]. These data show a strong association
between HPgV-2 and HCV and especially HCV/
HIV-1 co-infection [10–13, 15, 25, 26]. Furthermore,
HPgV-2 shares some common features with HCV,
such as a type IV internal ribosome entry site in the
5’ untranslated region (5’ UTR) and a highly glycosy-
lated E2 protein [5]. In view of these results, one may
ask: (a) is HPgV-2 a hepatotropic virus that can
cause liver disease? (b) is HPgV-2 replication depen-
dent on HCV infection and replication? Detailed
characterization of the newly discovered HCV- and
HPgV-like virus could contribute to our understanding
of the origin of HPgV-2 and the interaction between
HPgV-2 and HCV, thereby enhancing our ability to
study pathogenesis and immune responses that may
be caused by HPgV-2 infection.

In this study, for the first time, we report that HPgV-
2 infects peripheral blood mononuclear cells (PBMCs),
specifically B-lymphocytes, but not hepatocytes. These
results indicate that HPgV-2 is a lymphotropic and not
a hepatotropic virus, which in turn may explain the
lack of association with liver disease. Furthermore,
we find that direct acting antivirals (DAAs) that
specifically target and clear HCV could not inhibit
HPgV-2 replication and that in DAAs-treated HCV
patients, HPgV-2 replication was not correlated with
HCV viremia. These new findings point to a direction
for future clinical study targeting a possible association
between HPgV-2 infection and lymphoma or B cell-
related diseases. Moreover, our data provide clues for
the resolution of the difference between the epidemio-
logical association of HPgV-2 and HCV infection and
the independence of HPgV-2 replication and HCV
viremia.

Materials and methods

Patients and samples

A total of 753 patients including 512 HIV-1 and HCV
co-infected patients were enrolled in a longitudinal
study to investigate the response of HCV infection to
IFN-α and ribavirin with simultaneous administration
of antiretroviral therapy (ART) in the Eighth People’s
Hospital, Guangzhou, China. The subjects were fol-
lowed up to 240 weeks from the time of enrollment.
In addition, 240 HCV RNA positive patients were
recruited from Nanfang Hospital, Guangzhou, China
to receive treatment with DAAs. Patient HCV121 has
previously been reported to be infected with HCV
and HPgV-2 [26]. Clinical information was obtained
from hospital records. Written informed consents
were obtained from all participants. This study was

approved by the ethical committee of Guangzhou
Eighth People’s Hospital (No.201816107) and Nanfang
Hospital (NFEC-2017-046).

At different time points, peripheral blood mono-
nuclear cells (PBMCs) were isolated from participants
using Ficoll-Paque PLUS (Catalog#10248245, SWE-
DEN) immediately after blood collection. CD4+ and
CD8+ T cell and B cell subsets were separated from
PBMCs using MoFlo sorting flow cytometry with anti-
bodies obtained from BD Biosciences, USA: FITC lab-
elling of mouse anti-human CD4 antibody (# 555346);
APC labelling of mouse anti-human CD19 antibody
(#555415); and PE labelling of mouse anti-human
CD8 antibody (#555086). Screening for liver fibrosis
was performed by Fibroscan (Echosens, Paris, France)
[27]. Percutaneous liver biopsies were performed with
specimens obtained from patients HCV121 and
JX18052, respectively, before treatment with DAAs
and 12 weeks after termination of the treatment. All
samples were stored at −80°C until they were analysed.

Detection of anti-HPgV-2 antibody and HPgV-2
RNA

Enzyme-linked immunosorbent assay (ELISA) for
detecting anti-HPgV-2, and reverse transcription–
polymerase chain reaction (RT–PCR) for detection
and quantification of HPgV-2 RNA from plasma
have been reported previously [26]. To enhance the
amplification specificity of HPgV-2 positive and nega-
tive-strand RNAs in PBMCs, we adapted a tagged pri-
mer approach described by Xiang et al. [28], in which a
special primer that contains both an HPgV-2 specific
sequence and a non-HPgV-2 tag sequence was used
for cDNA synthesis during the reverse transcription
reaction (Supplementary Table S1). To ensure the
specific amplification from the above HPgV-2 cDNA,
subsequent amplification of HPgV-2 cDNA used only
the tag sequence primer and another HPgV-2 specific
primer.

Detection and quantification of HCV RNA and
HIV-1 RNA

RT–PCR for detection of HCV RNA from plasma has
been reported previously [26]. Quantification of virus
RNA from plasma was performed using the Cobas
Amplicor Hepatitis C Virus Test and HIV-1 Test
(Roche, USA). For detection of HCV positive and
negative RNAs in PBMCs, a strategy similar to that
used for HPgV-2 RNA detection was utilized with
the primers shown in Supplementary Table S1.

Histological study

Liver tissue samples were fixed in formalin and
embedded in paraffin. Sections of 4–6 µm thicknesses
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were stained with hematoxylin and eosin (H.E.) for
general histopathological examination and with Mas-
son’s trichrome reagent for fibrosis assessment.
Modified hepatic inflammation activity (HIA) and
fibrosis stage (S) were scored according to the Ishak
classification [29]. The hepatic histomorphological
analysis was performed independently by two different
pathologists.

Immunohistochemistry staining of HPgV-2
antigens in liver tissues

Antiserum (WG-03395) against the polypeptide P9 of
HPgV-2 NS5A protein [10] was produced in rabbits
and was purified by affinity chromatography at the
Abclone company (Wuhan, China). The specificity of
the anti-HPgV-2 antibody used in our study has been
evaluated. The polyclonal antiserum only reacted
with the peptide P9 of HPgV-2 NS5A, not the NS3 pep-
tide P4 and the NS5A/B peptide P16 (supplemental Fig.
S1A). Furthermore, the polyclonal anti-HPgV-2 anti-
body can inhibit the binding of HPgV-2 positive sera
in the competitive inhibition studies (Fig. S1B). These
results demonstrated the specificity of the polyclonal
antibodies against HPgV-2 NS5A. Liver sections of
4–6 µm thicknesses were cut for immunohistochemical
staining (IHC) by using anti-HPgV-2 as the primary
antibody (1:2500 dilution) and biotinylated rat-anti-
rabbit antibody as the secondary antibody (1:300
dilution, BD Biosciences, USA). Images were captured
using an Olympus microscope (BX53, Tokyo, Japan)
equipped with an Olympus camera (U-TV0.83XB,
Japan).

In situ hybridization for HCV and HPgV-2 RNA

In situ hybridization of viral RNA in liver slices was
performed by RNAscope, as previously described
[30], with specific probes for the positive-strands of
HPgV-2 and HCV. Paraformaldehyde-fixed PBMCs
from HPgV-2-infected and uninfected patients were
analysed using fluorescent in situ hybridization
(FISH) with specific probes for the positive and nega-
tive strands of HPgV-2 and HCV (Supplementary
Table S2).

Results

HPgV-2 causes both persistent and resolved
infection

We identified 5 individuals with persistent HPgV-2
infection (Table 1). Patient HCV19 was co-infected
with HCV and HIV-1 and was followed for 240
weeks (Figure 1(A)). He was given IFN-α and ribavirin
during the first 48 weeks and anti-retroviral therapy
(ART) throughout the follow-up period (Figure 1(A,

B)). He displayed transient inhibition of HCV viremia
followed by an increase of HCV RNA accompanied by
an increase of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST), indicating virologi-
cal failure for HCV treatment. Transient inhibition of
HPgV-2 RNA followed by persistent HPgV-2 viremia
and a high level of anti-HPgV-2 antibody were also
observed in this patient (Figure 1(A)). Another patient,
HCV121, was diagnosed as being co-infected with
HCV and HPgV-2 since May 2015 and was persistently
positive for HPgV-2 RNA and anti-HPgV-2 antibody
(Figure 2(A)). These results indicated chronic and per-
sistent HPgV-2 infection, which are defined as the
presence of detectable viral replication for at least 6
months.

Interestingly, a resolved HPgV-2 infection was
documented in patient HCV49, who is co-infected
with HCV and HIV-1. HPgV-2 RNA decreased from
4.5 log10copies/ml at the beginning of the study to
undetectable levels 12 weeks after treatment with
IFN-α and ribavirin and remained negative up to 240
weeks post-treatment, the end of the study. In contrast,
anti-HPgV-2 antibody was only weakly positive
(Figure 1(C)). However, except for the initial transient
inhibition of HCV replication as well as the decline of
ALT and AST, persistent HCV viremia (Figure 1(C))
and abnormal ALT and AST levels (Figure 1(D))
were observed. In addition, HIV-1 RNA was undetect-
able post-ART (data not shown), and the ratio of CD4/
CD8+ T cells increased during the follow-up period
post-ART for the two patients HCV19 and HCV49
(Figure 1(B,D)).

DAAs inhibit HCV replication, but not replication
of HPgV-2

Patient HCV121 was initially found to be co-infected
with HCV and HPgV-2 and also exhibited elevated
ALT and AST values in May, 2015 [26]. He received
a daily bicyclol tablet to improve his liver function
from April to October 2018. Both ALT levels and
fibroscan scores decreased after bicyclol treatment
(Figure 2(B)). It is known that DAAs specifically target
HCV polymerase and can clear HCV replication [31].
To determine the effect of treatment with DAAs on
dual infection of HCV and HPgV-2, patient HCV121
was given DAAs (Sofosbuvir + Velpatasvir) in October
2018 (Figure 2(A)). HCV RNA levels gradually
decreased and were undetectable at 28 days post-treat-
ment with DAAs (Figure 2(C)). This decrease was
accompanied by a reduction in AST to the reference
level 14 days following administration of DAAs (Figure
2(D)). However, HPgV-2 RNA and anti-HPgV-2 anti-
body titers were maintained at relatively high levels,
despite a slight decline in HPgV-2 RNA that was
observed within one-week post-DAAs (Figure 2(C)).
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We further identified two HPgV-2 RNA positive
patients (JX18052 and JX18145) in a cohort of 240
HCV-infected patients (Table 1). Results similar to
those obtained with patient HCV121 were observed
in patient JX18052, who was treated with DAAs (Sofos-
buvir plus Daclatasvir) for 12 weeks (Figure 2(E,F)).
Taken together, these data clearly indicate that DAAs
inhibit HCV, but not HPgV-2 replication. These results
also suggest that HCV is not essential for replication of
HPgV-2.

Furthermore, liver biopsy samples from patient
HCV121 were subjected to H.E. staining before and
after 12 weeks of treatment (Figure 3(A,B); Supplemen-
tary Fig S2A, S2C). Interestingly, DAAs treatment in
this case reduced liver inflammation and injuries and

was accompanied by fewer lymphocyte infiltrations in
the portal tract (Figure 3(A,E)), milder hyperplasia of
ducts in the portal tract (Figure 3(B,F)), fewer macro-
vesicular steatosis of hepatocytes (Figure 3(C,G)), and
milder interface inflammation (Figure 3(D,H)). Similar
results were obtained for the HCV/HPgV-2 co-infected
patient JX18052 (Figure 3(C,D); Supplementary Fig.
S3A, S3C). Masson’s staining showed no significant
change in the fibrosis stages of the two patients exam-
ined (Supplementary Fig. S2B, S2D; Supplementary
Fig. S3B, S3D). These results were consistent with
fibrosis stage (S) scores, although there was a slight
difference between the two patients with respect to
hepatic inflammation activity (HIA) (Supplementary
Table S3). These results demonstrated that DAAs

Table 1. Baseline characteristics of the patients co-infected with HCV and HPgV-2.

Patient ID
HCV RNA
(copies/ml)

HCV
genotype

HPgV-2 RNA
(copies/ml)

AST (U/L)
(15-40)

ALT (U/L)
(9-50)

Fibroscan
Scores (kPa) Ultrasonic scan

HCV121 3.28 × 104 3a 1.5 × 106 80 61 NT Liver cirrhosis, spleenomegaly
JX18052 1.63 × 107 6a 4.46 × 105 25 42 19.2 liver fibrosis, spleenomegaly
JX18145 1.02 × 107 3a 1.07 × 105 105 225 14.1 liver fibrosis
HCV19 2.94 × 107 6a 2.59 × 106 32 39 NT NT
HCV49 1.60 × 106 1a 4.00 × 104 59 40 NT NT

The viral loads of HCV and HPgV-2 were determined by quantitative RT-PCR. HCV genotyping was determined by PCR and Sanger sequencing based on
partial Core-E1 region. The normal range of serum transaminase (AST, ALT) is indicated in brackets. Fibroscan score was measured by means of transient
elastography (Echosens Corporation, Paris, France). NT, not tested; HCV, hepatitis C virus; HPgV-2, the second human pegivirus.

Figure 1. Persistent and resolved HPgV-2 infection. Two patients HCV19 (A, B) and HCV49 (C, D) from the HCV/HIV-1 co-infection
cohort were followed for up to 240 weeks. Changes of viral RNA for HCV (circle, detection limit is 17 copies/ml by Cobas quantifi-
cation) and HPgV-2 (square, detection limit is 750 copies/ml by RT-PCR) as well as anti-HPgV-2 antibody (triangle, cut-off value=0.2)
were analysed and shown in the left panels. Levels of ALT (circle), AST (square) and CD4/CD8 ratio (triangle) were depicted in the
panels to the right. The two patients received interferon and ribavirin therapy for 48 weeks and antiretroviral therapy as indicated in
gray rectangles.
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treatment led to an improvement in the extent of liver
injuries. However, no specific pathological findings
could be definitively related to HPgV-2 infection,
suggesting that HPgV-2 infection is not associated
with abnormal liver function.

Tissue tropism of HPgV-2

Distribution of HPgV-2 antigen in the liver was ana-
lysed by using IHC. Interestingly, the antigen was
found in infiltrative lymphocytes, but not in the

hepatocytes present in the liver samples of HCV/
HPgV-2 co-infected patients HCV121 (Figure 4(A))
and JX18052 (Figure 4(B)). No HPgV-2 antigen was
observed in the liver slices of the HCV RNA positive,
HPgV-2 negative, patient (Figure 4(C)). We further
quantified the number and proportion of HPgV-2
infected cells in the liver. For each liver section, three
fields were evaluated. The percentage of HPgV-2
NS5A positive cells was 11.4% (24/210) and 10.90%
(18/165) for patient HCV121 and JX18052, respect-
ively. However, staining of liver slices from HPgV-2

Figure 2. Clinical course of patients co-infected with HCV and HPgV-2. Changes in viral RNA for HCV (circle, detection limit is 17
copies/ml by Cobas quantification) and HPgV-2 (square, detection limit is 750 copies/ml by RT-PCR) as well as anti-HPgV-2 antibody
(triangle, cut-off value=0.2) are presented in panels A, C, and E; Values for ALT (circle), AST (square) and Fibroscan score (triangle)
are shown in panels B, D, and F. Patient HCV121 was followed from May 2015 to July 2019. During April and November 2018, bicy-
clol tablets were administered to improve liver function. Beginning in November 2018, DAAs (400 mg Sofosbuvir and 100 mg Vel-
patasvir) were administered for a period of 24 weeks. Patient JX18052 was co-infected with HCV and HPgV-2 and was treated with
DAAs (Sofosbuvir + Daclatasvir) for 12 weeks. Both patients were followed up for another 12 weeks after termination of DAA
treatment.
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positive patients with anti-HPgV-2 antibody elicited a
positive signal and as expected, no signal was detected
when the liver slices were stained with a PBS control
solution (Figure 4(D)).

Furthermore, using RNAscope technology with
specific probes of HCV and/or HPgV-2, HPgV-2,
RNA signals were detected in the infiltrated lympho-
cytes in liver slices from patients HCV121 and
JX18052, (Figure 5(C,G)), but not in their hepatocytes
(Figure 5(B,F)). We quantified the percentage of
HPgV-2 RNA positive cells in the liver sections,
which was 5.45% (12/220) for patient HCV121 and

4.10% (10/245) for patient JX18052 whereas HCV
RNAs were found in approximately 50% of the hepato-
cytes and infiltrated lymphocytes. These results indi-
cate that unlike HCV, HPgV-2 seems to infect only
lymphocytes, but not hepatocytes present in the liver
samples.

Further investigation using FISH technology
demonstrated that both positive- and negative-strand
HPgV-2 and HCV RNAs were present in PBMCs iso-
lated from HPgV-2/HCV co-infected patients HCV121
(Figure 6(A)) and JX18145 (Figure 6(B)). No HPgV-2
RNA was found in the HPgV-2 negative patient

Figure 3. HE staining of liver slices showing representative pathological changes in patients HCV121 (A, B) and JX18052 (C, D) co-
infected with HCV and HPgV-2. Before treatment (A, C), there was a large amount of lymphocyte infiltration in the portal tract and
lymphoid follicles containing germinal centers (a, i); damaged bile ducts and hyperplasia of bile ducts in the portal tract (b, j); and
macrovesicular steatosis (c, k). The interface was destroyed by lymphocyte infiltration and inflammation (d, l). After DAA treatment
(B, D), there were fewer lymphocyte infiltrates in the portal tract (e, m); moderate bile duct hyperplasia in the portal tract (f, n); less
macrovesicular steatosis in hepatocytes (g, o); and moderate interface inflammation (h, p).
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(Figure 6(C)). For HCV 121, we found that the percen-
tage of HPgV-2 and HCV positive-strand RNA posi-
tive cells was 9.26% (20/216) and 10.31% (23/223)
respectively whereas 5.00% (12/240) and 6.78% (16/
236) of the cells were positive for HPgV-2 and HCV
negative-strand RNA, respectively. For JX18145, the
percentage of HPgV-2 and HCV positive-strand
RNA positive cells was 8.70% (17/207) and 10.43%
(24/243), respectively whereas 5.77% (10/312) and
4.22% (7/166) of the cells were positive for HPgV-2
and HCV negative-strand RNA, respectively. To

identify the lymphocyte subsets that supported
HPgV-2 and HCV replication, CD4+ and CD8+ T
cells as well as B cells were sorted by flow cytometry,
using conditions that resulted in >90% purity of the
isolated cells (data not shown). Both positive- and
negative-strand HPgV-2 and HCV RNAs were
detected in the B cells (Figure 7(A)). To measure
virus replication efficiency within B cells, we took a
semi-quantitative approach to quantify RNA levels by
analysing 10-fold serial dilutions of the 1st round
PCR products in the 2nd round PCR. The results

Figure 4. Detection of HPgV-2 antigen in liver tissues. Immunohistochemical (IHC) staining of liver biopsies was performed for HCV/
HPgV-2 co-infected patients HCV121 (A) and JX18052 (B), using anti-HPgV-2 NS5A antibody as the primary antibody; HPgV-2 anti-
gens were specifically stained brown in the infiltrative lymphocytes, but not in the hepatocytes. No specific signals were observed in
the HCV positive, HPgV-2 negative patient (C). The negative control was stained using PBS to replace the primary antibody, anti-
HPgV-2 (D).
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showed that the level of HPgV-2 and HCV negative-
strand RNA was at least 10- and 100-fold lower than
that of HPgV-2 and HCV positive-strand RNA,
respectively (Figure 7(B)). In contrast, the house-keep-
ing gene, GAPDH, was detected in PBMCs, CD4, CD8,
and B cells (Figure 7(C)).

In summary, the results of several types of analysis
all indicate that HPgV-2 can infect and replicate in B
cells and further demonstrate that HPgV-2 is a lym-
photropic, but not a hepatotropic virus.

Discussion

The tight association of the novel HPgV-2 virus with
HCV and its potential clinical significance prompt us
to probe the natural history of HPgV-2 infection and
tissue tropism. In the current study, we provide new
information regarding the natural history and replica-
tion of HPgV-2 infection. We demonstrate infection of
HPgV-2 in PBMCs, specifically B-lymphocytes, but not
hepatocytes (Figures 4–7). These results support the
characterization of HPgV-2 as a lymphotropic, but
not a hepatotropic virus. Furthermore, we show that
DAAs that specifically target HCV polymerase and
clear HCV infection in HCV and HPgV-2 dually-
infected individuals are unable to inhibit HPgV-2 repli-
cation (Figure 2). To our knowledge, this is the first
study to reveal that HPgV-2 persistent replication is
independent of HCV viremia.

In view of our results and data from other studies
regarding the independent replication of HPgV-2, an
unresolved issue is how to explain the paradoxical
finding that despite the epidemiological association of

HPgV-2 and HCV infection, HPgV-2 replication
seems not dependent on HCV viremia [5, 16, 25, 32].
Like HCV, HPgV-2 is a bloodborne virus [5, 10, 16].
Kandathil et al. have proposed that the association
between HPgV-2 and HCV infection is due to the simi-
larity of transmission routes of these two viruses and
that multiple blood exposures could increase HPgV-2
infection [25]. However, our results as well as other
studies indicate that these factors may not be sufficient
to support the strong association between HPgV-2 and
HCV infection [5, 10, 26]. For example, we found that
the presence of HBV, another blood-borne virus, did
not increase HPgV-2 infection in PWIDs [33]. Further
investigation will be required to determine the factors
affecting the high susceptibility of HPgV-2 in HCV-
infected persons [11, 25, 26].

Of note, HPgV-2 and HPgV are in the same genus
within the family of Flaviviridae. HPgV has also been
shown to be a lymphotropic, rather than a hepatotropic
virus [34], although it was initially thought to be hepa-
totropic and was originally called HGV [9]. Similar to
HPgV-2, HPgV can replicate in PBMCs, although it
appears to be pan-lymphotropic and can infect mul-
tiple mononuclear cells including CD4+ T cells, CD8+

T cells, B cells, monocytes, and NK-cells [35, 36].
Our results also show the infection and replication of
HCV in B lymphocytes, which is consistent with earlier
reports by Chen et al., who have determined the lym-
photropism of HCV by using cellular protein B7.2 as
co-receptor [37]. Wang et al. reported that the associ-
ation of HCV with B cells occurs mainly through the
interaction of complement receptor 2 (CD21) and the
CD19/CD81 complex [38]. HCV is also associated

Figure 5. Detection of HPgV-2 and HCV RNA in liver tissues using RNAscope in situ hybridization. Liver slices were collected from
HCV and HPgV-2 co-infected patients: patient HCV121 before DAA treatment (A) and patient JX18052 after DAA treatment (B). The
specific probes for host gene POLR2A and PPIB were used as positive controls (a, e). For patient HCV121, HCV RNA (green) was
detected in hepatocytes (b) and infiltrative lymphocytes (c), while HPgV-2 RNA (red) was only found in infiltrative lymphocytes
(c). For patient JX18052, HPgV-2 RNA was detected in the infiltrative lymphocytes (g), but not in the hepatocytes (f). Non-specific
probes were used as the negative controls (d, h). The size of the bar is 20 µm.
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with the risk of non-Hodgkin’s lymphoma (NHL) [39,
40]. These findings support B cells as the possible site
where HCV and HPgV-2 co-localize and replicate.

At present, little is known about the mechanisms of
HPgV-2 persistence. Lack of viral neutralization and
virus-specific CD4+ T-cell function as well as high
immune escape mutations are associated with HCV
persistence [41]. In addition, the error-prone poly-
merases of HCV and HPgV result in extensive genetic
diversity and many viral genome quasispecies [42, 43].
In contrast to HCV and HPgV, the genomic sequences
of HPgV-2 are highly conserved and a hypervariable
region is absent from the envelope proteins [5, 10,
13, 16, 26]. Moreover, antibodies directed against the

envelope proteins are consistently detected in chronic
HPgV-2-infected individuals [44]. Thus, neutralizing
antibody escape may not be a strategy utilized by
HPgV-2, which is supported by Forberg’s recent
finding that the minimal geographic and temporal gen-
etic diversity of HPgV-2 may be due to the minimal
selective pressure on HPgV-2 to evolve [42].

In conclusion, this report is the first to indicate that
HPgV-2 may be a lymphotropic, but not a hepatotropic
virus, which in turn may explain the lack of HPgV-2
associated liver damage. Further research is needed to
explore the association and interaction between
HPgV-2 and HCV, the possible effect of HPgV-2 on
immune modulation in various PBMCs, and its

Figure 6. Detection of HPgV-2 and HCV in PBMCs using Fluorescent in situ Hybridization (FISH). Specific probes for the positive and
negative-strand RNAs of HCV and HPgV-2 were end-labeled with TAMRA (red) and FAM (green), respectively. Before DAAs treat-
ment, PBMCs from HCV and HPgV-2 co-infected patients HCV121 (A) and JX18145 (B) were hybridized with the labeled probes. (C)
PBMCs from healthy volunteers were used as the negative control. The nucleus was stained with 1% DAPI (blue). The size of the bar
is 20 µm.
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influence on viral persistence and disease association.
We propose that a deeper understanding of HPgV-2
replication and immune modulation may provide criti-
cal insights into persistent infection of RNA viruses in
humans.
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