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ABSTRACT

Objective: Human pegiviruses (HPgV) belong to the Flaviviridae family. They were initially
considered hepatotropic viruses, but later, epidemiological studies showed no connection
with acute or chronic hepatitis. This study included frozen and stored plasma samples
of HIV-infected, ART-naive patients, which were routinely sent to Cerrahpasa Faculty of
Medicine, Molecular Microbiology Laboratory for HIV RNA detection and HIV drug resist-
ance analysis between January and September 2019.

Materials and Methods: The study analyzed plasma samples of HIV-infected, antiretroviral
therapy-naive patients and control serum samples. HPgV RNA in the samples was inves-
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INTRODUCTION

uman pegiviruses (HPgV-1 and HPgV-2) are
Henveloped, single-stranded positive-sense

RNA viruses belonging to the Pegivirus ge-
nus in the Flaviviridae family. HPgV has a genome
of 8.9-11.3 kb, and the virion size is estimated at
around 50-100 nm (1). Seven genotypes of HPgV-1
differ geographically (Table 1). Two subtypes of gen-
otype (GT) 2, which is common in Europe, have been
defined, a and b. GT 7 is limited in China only. In a
study conducted in China in 2017, GT 7 and anoth-
er unclassifiable group of HPgV-1 were mentioned
according to the sequence analysis performed by
targeting the E2 gene. Generally, the 5’UTR region
and, less frequently, the E2 gene region are used for
genotyping the virus (2). In the few genotype stud-
les conducted in Turkiye, 5’UTR regions were exam-
ined, and as a result, GT 2 was found to be the most
common genotype (3-7)

While HPgV-1, which used to be called GBV-C/HGV
formerly, was thought to be hepatotropic in previ-
ous studies, it has been detected in bone marrow,
spleen, cerebrospinal fluid, T and B lymphocytes,
and peripheral blood mononuclear cells accord-
ing to epidemiological studies in recent years (8,
9). Findings support the view that the virus is lym-
photropic. Although pegiviruses usually cause per-
sistent, asymptomatic infections in healthy individ-
uals, their association with any disease in humans
has not been demonstrated so far. This increases
the possibility of the virus being in a commensal
or symbiotic relationship with humans, suggesting
that it may be a part of the microbiome (8).

According to cross-sectional studies on the fre-
quency of HPgV-1 viremia, viremia is found in 1-5%
of healthy blood donors in developed countries,
while this rate rises to 20% in developing countries
(10). While the infection is more common in young
adults, the risk of HPgV-1 infection decreases with
increasing age, which is thought to be due to higher
sexual activity in young adults (2).

HPgV can be transmitted from person to person
through exposure to infected blood, sexual contact,
and transmission from mother to baby (11, 12).
Since it has common transmission routes with HIV,
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such as sexual contact, its frequency increases up
t0 20-41% in people co-infected with HIV/HPgV-1 (2,
13). The frequency of HPgV-2 is lower than HPgV-1
(14). There are studies showing that HPgVs, espe-
cially HPgV-1, have a positive effect on survival in
HIV-infected patients and slow down the process
and progression of the disease by inhibiting HIV
replication (15, 16). According to the mechanism,
the HPgV-1 E2 glycoprotein and the phosphopro-
tein produced from the NS5A region of the genome
play a role in its effect on HIV infection. The NS5A
phosphoprotein of HPgV-1 exerts its effect by reduc-
ing the surface expressions of HIV, CCR5 and CXCR4
chemokine receptors and the mRNA level of the
HIV receptor CD4 in the cell (17, 18). It increases the
release of soluble ligands of CCR5 (RANTES, MIP-
la, MIP-1B) and SDF-1, the ligand for CXCR4. It also
reduces the proliferation and activation of infect-
ed cells by acting on CD4* T cells. The E2 envelope
glycoprotein of HPgV-1, on the other hand, prevents
HIV from binding to or fusing with the T cell due to
its similarity with HIV gp41 (18). Although there is
information that HIV/HPgV-1 coinfection decreas-
es CD4 mRNA expression, some publications have
reported that CD4 counts are higher in people with
HIV/HPgV-1 coinfection compared to people with-
out coinfection. This higher CD4 level may also vary
according to HPgV genotypes (19-21).

HIGHLIGHTS

¢ The biological properties of HPgV have been bet-
ter understood after changing classification in
2015, and it has been handled with a different
perspective due to its tendency toward lympho-
cytes.

e HPgV RNA was detected in approximately one-
fourth of HIV-infected individuals and 18% of
community-acquired strains.

e The prevalence of HPgV-1 was higher in HIV-in-
fected individuals compared to the control group;
however, it was not statistically significant.

e HPgV-1 was detected more frequently in young
individuals.

e Genotype 2a, which was common in our country,
was detected more heterogeneous in the HIV-in-
fected group.
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This study was motivated by the fact that new types
of HPgV have been defined in recent years, and the
biological and epidemiological features of the virus
have become better understood alongside devel-
opments in its classification. We aimed to investi-
gate the frequency and genotype diversity of HPgV
in HIV-infected individuals who are antiretroviral
therapy (ART)-naive. Healthy individuals with neg-
ative routine serological tests were also included in
the study to determine the prevalence of HPgV in
the general population simultaneously.

MATERIALS AND METHODS

This study included frozen and stored plasma sam-
ples of HIV-infected, ART-naive patients, which were
routinely sent to Cerrahpasa Faculty of Medicine,
Molecular Microbiology Laboratory for HIV RNA de-
tection and HIV drug resistance analysis between
January and September 2019. The control group
was selected from individuals whose serum sam-
ples were not detected with anti-HCV, anti-HIV1/2,
and HBsAg reactivity and sent to the Microbiolo-
gy-Serology/ELISA Laboratory from various clinics
of our institution. The control group was matched
with the patient group in terms of age and gender,
and serum samples were selected randomly (table
2). The study did not include samples belonging to
pregnant women and individuals younger than 18
years.

Istanbul University-Cerrahpasa, Cerrahpaga School
of Medicine Clinical Research Ethics Committee
approved the study on January 08, 2019, with the
decision number A-04.

RT-nested PCR preparation for HPgVs
Before the study, the stored plasma samples of the

Table 2. Demographic data of the control / patient group.
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Table 1. Worldwide distributions of HPgV-1 genotypes.

Genotype 1 West Africa

Genotype 2 America and Europe
Genotype 3 East Asia

Genotype 4 Myanmar and Vietnam
Genotype 5 South Africa

Genotype 6 Indonesia

Genotype 7 China

patients were removed from the freezers following
the procedure and melted at room temperature.
RNA isolation was performed using the DSP Virus/
Pathogen Midi Kit (QIAGEN, Germany) and the QIA-
GEN QIAsymphony SP automated system (QIAGEN,
Germany) by taking 500 pl of plasma samples in
accordance with the manufacturer’s instructions.
Subsequently, reverse transcription (PrimeScript
Takara Bio. Inc., Japan) was performed. For cDNA
synthesis in the reaction, HPgV-1/1-R and HP-
gV-2/1-R from the primer sets in Table 3 were used
for reverse transcription (14, 22, 23).

HPgV RNA was searched in samples after re-
verse transcription using the nested-PCR method.
For this purpose, the sequences of the reference
strains of HPgV (KP710598, U36380, KM670099,
KM670101, KM670108, KM670106, KM670096,
KC618399, KP710600, AF104403, LT009494, D90600,
U45966, AY196904, LT009485, LT009487, LT009489,
AF309966, D87255, LT009483, AF031827, U44402,
AF121950, AB003289, U63715, D87713, AB018667,
AY949771, ABO008336, KX528230, KY971607,
KY971606, KX528231, AB0O13500, U59522, U59519,
U59527, U59528, U59526, US59524, U59527) were

Patient group Control group
Female Male Female Male
(n=13) (n=104) (n=12) (n=88)
Ace range. mean+SD 23-48 20-74 21-61 18-72
g€ range, * (36.15 = 8.87) (38.08 = 13.40)* (33.92 + 12.59) (43.22 £ 15.42)
2.056 - 10x10° 640 - 10x10° None None

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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Table 3. Primer sequences prepared from the 5'UTR region (100 uM).

Primers used for Nested-PCR and DNA sequencing

Primer name Sence Sequence

HPgV-1/1-F Forward TAGCCACTATAGGTGGGTCT
HPgV-1/1-R Reverse TCTTGGGCTACCCCGGCT
HPgV-1/ 2-F Forward CGCACGGTCCRCAGGTG
HPgV-1/ 2-R Reverse CTGGGTGGCCCCATGCAT
HPgV-2 /1-F Forward CCTAGTAGGACGTGTGACAATG
HPgV-2 /1-R Reverse CCACCCTATCAGGCTGTACG
HPgV-2 /2-R Reverse GACCCATCCCTTTGCACGATC

downloaded from the GenBank database (https://
www.ncbi.nlm.nih.gov/genbank/) and aligned with
the ClustalW program 5.0.9 included in the BioEd-
it program 5.0.9. Primers with sequences in Table
3 and recognizing the 5'UTR region were designed
from these reference origin regions. Second-step
primers could be designed to cover all genotypes
from the 5'UTR region to detect HPgV-1, whereas
a semi-nested PCR method was applied to amplify
HPgV-2 (14, 22, 24).

Nested PCR

The first-step PCR process was performed in a mul-
tiple-test format using primers from both viruses
(HPgV-1 and HPgV-2) in a single tube. In the second
step, PCR was performed in separate tubes using the
second-step primers of each virus. The reagents and
volumes used are shown in Table 4. The real-time
PCR program used for the first and second steps is
also shown in Table 5. The serum samples of the
control group were passed through isolation, reverse
transcription and nested PCR stages, respectively,
using the same kits in which the plasma samples
of the patient group were studied. All samples were
displayed by agarose gel electrophoresis, and sam-
ples considered positive (~300 bp for HPgV-1, ~150
bp for HPgV-2) were included in sequence analysis.

Sanger sequencing

ABI 3130 genetic analyzer (Applied Biosystems Inc.,
USA) device was used for Sanger sequencing anal-
ysis, and the “Sequencing Analysis v5.2.0” software
was used to process the raw data obtained after
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sequencing analysis. The analyzed forward and re-
verse sequence data (Analyzed ABI files (.abl) ex-
tension) were matched with the DNAStar SeqMan
program (DNASTAR Inc., USA) and assembled into a
single consensus sequence. Control of the obtained
sequences was first performed on the web using the
BLAST program (National Center for Biotechnology
Information, USA). Then, the data of the patients and
controls and the reference (KM670101, KP710600,
GT1, U59522, US59519, U59527, U59528, U59526,
U59524, U44402 GT 2a, U63715, LT009489, U59527,
GT 2b, D87713, GT 3, AB018667, GT 4, AY949771, GT
5, AB008336, GT 6) downloaded from the GenBank
were combined with the ClustalW program includ-
ed in the BioEdit program, and the “alignment” file
was created. Phylogenetic analysis of the obtained
“alignment” file was performed with MEGA-X soft-
ware using the “Neighbor-Joining” method. The
bootstrap test (1000 replicates) was used to assem-
ble related taxa and test the phylogenetic tree. The
tree is drawn to scale, with branch lengths in the
same units as those of the evolutionary distances
used to infer the phylogenetic tree. The evolutionary
distances were computed using the Maximum Com-
posite Likelihood method (14, 22, 24).

Statistical Analysis

For statistical analysis, the data of the samples used
in the study was coded and evaluated in the Sta-
tistical Package for Social Sciences (SPSS) 21.0 (IBM
Corp., Armonk, NY, USA). The difference in HPgV-1
RNA levels between the patient and control groups
was assessed. Student’s t-test was used to compare
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Table 4. Reagents required for the first and second steps of PCR.

Reagents Volume (pl)*
25 mM primer HPgV-1/ 1-F 0.5
25 mM primer HPgV-1/1-R 0.5
25 mM primer HPgV-2 /1-F 0.5
25 mM primer HPgV-2 /1-R 0.5
1st Step for HPgV-1 and HPgV-2
SYBR green supermix 10
cDNA of sample 5
DNAse-RNAse-free water 3
Total volume 20
25 mM primer HPgV-1/ 2-F 0.5
25 mM primer HPgV-1/ 2-R 0.5
SYBR green supermix 10
2st Step for HPgV-1
1st step PCR product 1
DNAse-RNAse-free water 7
Total volume 20
25 mM primer HPgV-2 /1-F 0.5
25 mM primer HPgV-2 /2-R 0.5
SYBR green supermix 10
2st Step for HPgV-2 1st step PCR product 1
DNAse-RNAse-free water 7
Total volume 20
25 mM primer HPgV-2 /1-F 0.5

*Volume required for one sample

group means for normally distributed paramet-
ric data, while the chi-square test was applied for
categorical variables. The results were reported as
mean = standard deviation (mean + SD) and evalu-
ated within a 95% confidence interval (CI). A p-val-
ue of less than 0.05 (p<0.05) was considered statis-
tically significant.

RESULTS

A total of 117 plasma samples from HIV-infected,
antiretroviral therapy-naive patients and 100 con-
trol serum samples were included in the study. The
HIV-infected patient group had 13 females and 104
males; the control group had 12 females and 88
males (Table 2). HPgV-1 RNA was found positive in

29 of 117 (24.78%) samples in the patient group,
while it was positive in 18 of 100 (18%) samples in
the control group (p=0.2264). The average HIV vi-
ral load of 29 samples with HPgV-1 detected in the
patient group was 247,808.41 + 784,088.362 copies/
mL, while it was 427,111.25 £ 1,511,994.736 copies/
mL in the control group (p=0.319) (Table 6). When
evaluating the relationship between age and gen-
der and HPgV-1 RNA positivity rates, sample data of
HIV-positive-ART naive patients and control group
data were combined because of the small sample
size. The mean age of 47 people with positive HPgV-1
RNA was 38.66 + 12.11 years, while the mean age of
170 people with negative HPgV-1 was 40.14 + 14.79
(p=0.0121). When the groups were divided as <40
years old and 240 years old, HPgV-1 RNA was posi-

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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tive in 32 (25.80%) of 124 individuals under 40 years
of age, while HPgV-1 RNA was positive in 15 (16.12%)
of 93 individuals aged 40 and over (p=0.00044). When
the cases were evaluated comparatively based on
gender, HPgV-1 RNA was positive in 5 (20%) of 25 fe-
male patients, and HPgV-1 RNA was positive in 42
(21.87%) of 192 male patients (p=0.662).

When the phylogenetic analysis of the HPgV-1 pos-
itive samples was performed, all of the sequences
obtained from HIV-infected individuals and from
the control group were classified as HPgV-1 GT 2.
Of these, all the samples belonging to the control
group were in GT 2a, while 27 of the 29 samples
belonging to the patient group were in 2a, and two
were in 2b (Figure 1).

The genetic distances of the DNA sequences of all
HPgV-1 positive samples were calculated at 0.0918
+ 0.0110, while it was 0.0980 + 0.0121 in the patient
group and 0.0405 + 0.0131 in the control group. The
patient and the control groups’ genetic distances
determined by nucleotide changes were statistical-
ly significantly different (p<0.0001).

DISCUSSION

As a result of studies carried out with the changing

Table 5. Real-time polymerase chain reaction (PCR) protocol.

classification of HPgV since 2015, a better under-
standing of its biological properties has brought a
different perspective, especially with its tendency
to lymphocytes. Therefore, in recent years, it has at-
tracted the attention of researchers regarding its ef-
fects on HIV infections. A meta-analysis and many
studies indicate that people with coinfections have
a longer lifespan and progression to AIDS when
comparing HIV-infected people without HPgV-1 vi-
remia with HPgV-1/HIV coinfections (18, 25).

The prevalence of HPgV-1 in people with HIV/HPgV-
1 coinfection in the world is between 20% and 41%
(2, 13). We found the frequency of HPgV viremia in
HIV-positive individuals to be 24.78% in our study,
and this rate is within the range reported for sim-
ilar patient groups from various regions of the
world. Moreover, in our study, the average HIV viral
load samples with HPgV-1 detected in the HIV-pos-
itive group was 247,808 + 784,088 copies/mL, while
it was 427,111 + 1,511,995 copies/mL in the group
without HPgV-1. Although the difference between
the means of both groups was close to twice, this
difference was not statistically significant due to
the heterogeneous distribution of viral loads in the
group with HPgV-1 (p=0.319).

When it comes to the situation in the world, for

Polymerase activation and DNA denaturation

98°C/ 1 min.

Denaturation

95°C/ 15 sec.

Amplification
Annealing/Extension

40 cycle
60°C / 60 sec.

Increase 1°C for each step between 60 °C-95 °C

Melting curve analysis

Hold for 90 seconds on first step / Hold for 5 seconds on other steps

Table 6. Positive sample distributions and genetic distances of DNA sequences obtained in the study.

Patient group Control group
n=117 n=100 p
Number of HPgV-1 positive samples 2 18 > 0.05
(24.78%) (18%) :
. Female: 29-47 (n=3) Female: 24-36 (n=2)
Age range of HIV/HPgV-1 positive samples Male: 22-51 (n=26) Male: 27-70 (n=16)
Genetic distances 0.0980+0.0121 0.0405+0.0131 <0.05

Yiicebag-Duranay E et al.
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instance, in Germany, HPgV RNA was detected in
23.8% of HIV-positive patients. Findings of the gen-
otype analysis made from 5UTR regions showed
that 83.5% of the samples were GT 2, 8.2% were GT
1, and 2.1% were GT 3 (26). A study by Stapleton
et al. from the USA found HPgV viremia in 41% of
HIV-positive samples. There was no significant dif-
ference between patients who received combined
ART and those without HPgV viremia (p=0.63). How-
ever, it was observed that CD4* T cell counts were
higher in patients receiving combined ART and
patients with HPgV viremia (p<0.01) (13). In Brazil,
amplification was performed from the E2 region of
HPgV in HIV-infected and ART-naive individuals,
and 24% of HPgV RNA was detected. A more effec-
tive reduction in HIV viral load was observed in HP-
gV-positive patients receiving ART (p=0.009) (15).

Our country has few studies on HPgV in various
patient groups. A study by Hanci et al. on hemo-
dialysis patients in Denizli found HPgV RNA was
14% in patients and 2% in controls (p<0.05), and the
presence of HPgV E2 antibodies was 14% in patients
and 5% in controls (p<0.05) (27). In Izmir, 12% HPgV
RNA was found in hemodialysis patients and 1.2%
in controls; GT 2 was detected in five patients in the
patient group, and GT 4 was found in one person
in the control group (3). In a study conducted with
transplant recipients in the kidney transplant unit,
the HPgV RNA seropositivity rate was reported as
42%, and the genotype of all isolates was GT 2 (5).
According to the study of Akgal et al. on various
risk groups, HPgV RNA was detected in 29% of pa-
tients with chronic HBV, 25% of patients on hemo-
dialysis, 7% of patients with chronic HCV, and 4%
of healthy individuals (6). Although our study was
going to be the first study on HIV-infected patients
from Turkiye, a study by Koksal et al. was published
during the preparation of our manuscript. Kdksal et
al. found the prevalence of HPgV RNA in HIV-infect-
ed patients to be 27.3% (28).

In our neighbour, Iran, 4.4% HPgV-1 and 0.9% HPgV-
2 RNA were found positive in hemophilia patients
(29). In Greece, HPgV RNA was detected at 32.1%
in acute HBV, 8.6% in chronic HBV, 28% in acute
HCV, 26.5% in chronic HCV, 29.1% in patients with
non-A-E hepatitis, and 37.6% in healthy volunteers.
HPgV-E2 antibody positivity and HPgV RNA posi-
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tivity were found to be associated with young age
(p=0.017), and it was observed that all of the HP-
gV-positive samples were GT 2a in the study (24).
HPgV-1 is transmitted through contact with blood
and blood products, sexual contact, and mother-to-
child transmission. Therefore, as seen in the results
of the aforementioned studies, its co-occurrence
rate with other blood-borne viral agents such as
HIV, HBV, and HCV is generally high.

In Europe, for instance, HPgV E2 antibodies were
found in 13.5% of Swedish blood donors. When
looking at age groups, HPgV E2 antibody positivity
was primarily observed in donors between the ages
of 41-50, and HPgV RNA positivity was common
among donors between the ages of 31-40 (11). In
a study conducted in Hungary, various subgroups
were formed in terms of age, and the highest prev-
alence of HPgV was seen in the 40-49 age group,
while no virus was detected in the subgroup above
50 years of age. In another subgroup consisting of
children, the prevalence of HPgV was lower than
in other age groups (30). In our study, when the
groups were divided as <40 years old and >40 years
(31), HPgV-1 positivity rates were higher in those
aged <40 years (25.80%) than those aged >40 years
(16.12%) (p=0.00044). Some studies observed that
HPgV RNA increases because of more sexual activi-
ty in young adults (2), while the risk of infection de-
creases and HPgV antibody increases in older ages.

HPgV-1 RNA was detected in 24.78% of the patient
group and 18% of the control group (p=0.2264). Al-
though 18% HPgV-1 RNA positivity in the control
group is a high result compared to studies conduct-
ed in healthy control samples in our country, it is
compatible with other data reported from our neigh-
bours and the world (10). Similar to our study, a high
prevalence of HPgV RNA seropositivity rate (42%)
was reported in the study conducted in izmir, and
HPgV RNA was found to be relatively high (12%) in
another study conducted in the same region (3, 5).

The fact that all of the genotypes detected in our
study were GT 2 also supports the literature and
the geographical spread of the virus. The studies by
Anastassopoulou et al. from Greece, Vitrenko et al.
from Ukraine, and Jogeda et al. from Eastern Europe
showed that the dominant genotype is 2 and the

84



subtype is 2a for our region (24, 32, 33). In our study,
45 (95.56%) of 47 cases with positive HPgV-1 RNA
were in GT 2a, while only two samples (4.44%) were
in GT 2b (Figure 1). Similarly, Kéksal et al. found
genotype 2a to be dominant (28).

In our study, when the distances of the DNA se-
quences of the HPgV-1 positive samples were calcu-
lated, the nucleotide distances of all samples were
0.0918 + 0.0110. It was 0.0980+0.0121 in HIV-infected
individuals and 0.0405 + 0.0131 in the control group.
The statistically significant difference between the
control group and the patient group regarding nu-
cleotide distances reveals that HPgV-1 shows a more
heterogeneous distribution in HIV-infected individ-
uals, while it has a relatively more homogeneous
distribution in non-HIV-infected individuals (Table
6). The origins of the control group exhibited an al-
most monophyletic arrangement topographically in
the phylogenetic tree. In addition, two GT 2b strains
were identified in HIV patients. HIV-infected individ-
uals, compared to society, have different and various
risk factors that may lead to the formation of dif-
ferent clusters among these individuals in HPgV-1,
as in HIV. In our study, HPgV-2 RNA was negative in
both patient and control groups. Similar results were
found in studies investigating HPgV-2 in individuals
monoinfected with HIV (14, 34).

Our study has some limitations. Firstly, since our
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institution is a tertiary university hospital, most of
the HIV patients who were sent to be tested for HIV
drug resistance were followed up in other centers,
and their CD4* T cell counts could not be reached.
Therefore, the relationship between the number of
HPgV-CD4* T cells could not have been evaluated.
Second, since the presence of HPgV could not have
been studied with quantitative PCR, the relationship
between HPgV viral load and HIV could not have
been evaluated, either. Additionally, the number
of women infected with HIV in the population was
lower compared to men, so the number of women
in the sample during the study period was also low.
Despite the limitations, our study has genuine val-
ue in demonstrating HPgV dynamics, especially in
HIV-infected individuals and society and revealing
phylogenetic relationships between origins.

In conclusion, it was determined that HPgV RNA
was detected in approximately one-quarter of
HIV-infected individuals and 18% of community-ac-
quired strains. It was observed that the frequency
of HPgV-1 in our country was higher in HIV-infected
people than in people without HIV. We found that
the common genotype was 23, and it was more het-
erogeneous in the HIV-infected group. Our findings
can shed light on further studies on this subject in
order to understand better the effects of the HPgV-1
virus on HIV infection.

Ethical Approval: The Istanbul University-Cerrahpaga, Cerrahpaga
School of Medicine Clinical Research Ethics Committee approved
the study on January 08, 2019 with the decision numbered A-04.

Informed Consent: N.A.
Peer-review: Externally peer-reviewed

Author Contributions: Concept - M.AK., EY.D; Design - M.AK.,
E.Y.D, B.SK,; Supervision - M.A.K,; Fundings - M.AK., E.Y.D,, BSK,
Materials - B.SK.,, M.AK.; Data Collection and/or Processing —
EYD, MAXK., Analysis and/or Interpretation — E.Y.D,, M.AK,;

Literature Review — E.Y.D.; Writer — E.Y.D; Critical Reviews - M.A.K.
Conflict of Interest: The authors declare no conflict of interest.

Financial Disclosure: The authors declared that this study has
received no financial support.

Acknowledgment: [ would like to thank my dear teacher, Kenan
Midilli, who conceived this study, contributed greatly with his
scientific evaluations, and passed away in 2022. I dedicate this
study to his memory.

REFERENCES

1 Genus: Pegivirus [Internet]. In: International Committee on
Taxonomy of Viruses (ICTV) web site. [2018; 12 August, 2023]
Available from: https://ictv.global/report/chapter/flaviviridae/

flaviviridae/pegivirus

2 Miao Z, Gao L, Song Y, Yang M, Zhang M, Lou J, et al. Preva-

lence and clinical impact of human pegivirus-1 infection

in HIV-1-infected individuals in Yunnan, China. Viruses.

2017;9(2):28. [CrossRef]

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.

85


https://ictv.global/report/chapter/flaviviridae/flaviviridae/pegivirus
https://ictv.global/report/chapter/flaviviridae/flaviviridae/pegivirus
https://doi.org/10.3390/v9020028

Frequency and Genotype Diversity of Human Pegiviruses (HPgV)

10

11

12

13

14

15

16

Toklu T. Hemodiyaliz hastalarinda hepatit G virtisi (HGV-GB-
VC) infeksiyonunun cDNA polimeraz zincir tepkimesi ile
gosterilmesi ve HGV genotiplerinin belirlenmesi [Specializa-
tion thesis]. izmir: Dokuz Eyliil University; 2000. 4 p.

Ozdarendeli A, Toroman ZA, Kalkan A, Kilic SS, Ozden M, Doy-
maz MZ. Prevalence and genotypes of hepatitis G virus among
hemodialysis patients in Eastern Anatolia, Turkey. Med Princ
Pract. 2005;14(2):102-6. [CrossRef]

Erensoy S, Zeytinoglu A, Goksel S, Ozacar T, Ozkahya M, Ok
E, et al. GB virus C/hepatitis G virus infection among renal
transplant recipients in Izmir, Turkey: Molecular analysis of
phylogenetic groups. Int J Infect Dis. 2002;6(3):242-3. [CrossRef]

Akcali S, Sanlidag T, Ozbakkaloglu B. Prevalence of GBV-C/hep-
atitis G virus viremia among chronic hepatitis B, chronic hep-
atitis C and hemodialysis patients in Turkey. Ann Saudi Med.
2006;26(1):68-9. [CrossRef]

Kalkan A, Ozdarendeli A, BulutY, SaralY, Ozden M, Kelestimur
N, et al. Prevalence and genotypic distribution of hepatitis
GB-C/HG and TT viruses in blood donors, mentally retarded
children and four groups of patients in eastern Anatolia, Tur-
key. Jpn J Infect Dis. 2005;58(4):222-7.

Chivero ET, Stapleton JT. Tropism of human pegivirus (former-
ly known as GB virus C/hepatitis G virus) and host immuno-
modulation: insights into a highly successful viral infection. J
Gen Virol. 2015;96(Pt 7):1521-32. [CrossRef]

Aslan FG, Unal H, Altindig M. [A different blood borne viral
agent; human pegivirus]. ] hum Rhythm. 2017;3(1):1-7. Turkish.
Yang N, Dai R, Zhang X. Global prevalence of human pegivi-
rus-1 in healthy volunteer blood donors: a systematic review
and meta-analysis. Vox Sang. 2020;115(3):107-19. [CrossRef]

Bjorkman P, Nauclér A, Wingvist N, Mushahwar I, Widell A. A
case-control study of transmission routes for GB virus C/hepa-
titis G virus in Swedish blood donors lacking markers for hep-
atitis C virus infection. Vox Sang. 2001;81(3):148-53. [CrossRef]

Taklual W, Tang S, Yue W. Effect of human pegivirus route of
transmission on the genetic distribution of the virus: an in-
stitution based cross-sectional study. Virol J. 2019;16(1):50.
[CrossRef]

Stapleton JT, Chaloner K, Martenson JA, Zhang J, Klinzman D,
Xiang J, et al. GB virus C infection is associated with altered
lymphocyte subset distribution and reduced T cell activa-
tion and proliferation in HIV-infected individuals. PLoS One.
2012;7(11):e50563. [CrossRef]

Wang H, Wan Z, Xu R, Guan'Y, Zhu N, Li ], et al. A novel human
pegivirus, HPgV-2 (HHpgV-1), is tightly associated with hepati-
tis C virus (HCV) infection and HCV/human immunodeficien-
cy virus type 1 coinfection. Clin Infect Dis. 2018;66(1):29-35.
[CrossRef]

Souza IE, Zhang W, Diaz RS, Chaloner K, Klinzman D, Stapleton
JT. Effect of GB virus C on response to antiretroviral therapy
in HIV-infected Brazilians. HIV Med. 2006;7(1):25-31. [CrossRef]

Zimmerman J, Blackard JT. Human pegivirus type 1 infection in
Asia-A review of the literature. Rev Med Virol. 2022;32(1):€2257.
[CrossRef]

Yiicebag-Duranay E et al.

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Xiang J, McLinden JH, Rydze RA, Chang Q, Kaufman TM,
Klinzman D, et al. Viruses within the Flaviviridae decrease CD4
expression and inhibit HIV replication in human CD4+ cells. ]
Immunol. 2009;183(12):7860-9. [CrossRef]

Bhattarai N, Stapleton JT. GB virus C: the good boy virus?
Trends Microbiol. 2012;20(3):124-30. [CrossRef]

Tillmann HL, Manns MP. GB virus-C infection in patients in-
fected with the human immunodeficiency virus. Antiviral Res.
2001;52(2):83-90. [CrossRef]

N'Guessan KF, Anderson M, Phinius B, Moyo S, Malick A,
Mbangiwa T, et al. The impact of human pegivirus on CD4 cell
count in HIV-positive persons in Botswana. Open Forum Infect
Dis. 2017;4(4):0fx222. [CrossRef]

Stapleton JT. Human pegivirus type 1: A common human virus
that is beneficial in immune-mediated disease? Front Immu-
nol. 2022;13:887760. [CrossRef]

Jordier F, Deligny ML, Barré R, Robert C, Galicher V, Uch R, et
al. Human pegivirus isolates characterized by deep sequenc-
ing from hepatitis C virus-RNA and human immunodeficien-
cy virus-RNA-positive blood donations, France. ] Med Virol.
2019;91(1):38-44. [CrossRef]

Mota LDD, Finger-jardim F, Silva CM, Germano FN, Nader MM,
Gongalves CV, et al. Molecular and clinical profiles of human
pegivirus type 1infection in individuals living with HIV-1in the
extreme South of Brazil. Biomed Res Int. 2019;2019:8048670.
[CrossRef]

Anastassopoulou CG, Paraskevis D, Tassopoulos NC, Boletis J,
Sypsa VA, Hess G, et al. Molecular epidemiology of GB virus C/
hepatitis G virus in Athens, Greece. ] Med Virol. 2000;61(3):319-
26. [CrossRef]

Zhang W, Chaloner X, Tillmann HL, Williams CF, Stapleton
JT. Effect of early and late GB virus C viraemia on surviv-
al of HIV-infected individuals: a meta-analysis. HIV Med.
2006;7(3):173-80. [CrossRef]

Neibecker M, Schwarze-Zander C, Rockstroh JK, Spengler U,
Blackard JT. Evidence for extensive genotypic diversity and
recombination of GB virus C (GBV-C) in Germany. ] Med Virol.
2011;83(4):685-94. [CrossRef]

Hanci SY, Cevahir N, Kaleli I, Hanci V. [Investigation of hepatitis
G virus prevalence in hemodialysis patients and blood donors
in Denizli, Turkey]. Mikrobiyol Bul. 2008;42(4):617-25. Turkish.

Koksal MO, Pirkl M, Sarsar K, Ilkta¢ M, Horemheb-Rubio G,
Yaman M, et al. Interplay between HIV and human pegivirus
(HPgV) load in co-infected patients: Insights from prevalence
and genotype analysis. Viruses. 2023;16(1):5. Erratum in: Virus-
es. 2024;16(12):1883. [CrossRef]

BijvandY, Aghasadeghi MR, Sakhaee F, Pakzad P, Vaziri F, Saraji
AA, et al. First detection of human hepegivirus-1 (HHpgV-1)
in Iranian patients with hemophilia. Sci Rep. 2018;8(1):5036.
[CrossRef]

Takacs M, Szomor KN, Szendroi A, Dencs A, Brojnas J, Rusvai
E, et al. Prevalence of GB virus C/hepatitis G virus in Hunga-
ry. FEMS Immunol Med Microbiol. 2002;34(4):283-7. [Cross-
Ref]

86


https://doi.org/10.1159/000083920
https://doi.org/10.1016/s1201-9712(02)90121-9
https://doi.org/10.5144/0256-4947.2006.68
https://doi.org/10.1099/vir.0.000086
https://doi.org/10.1111/vox.12876
https://doi.org/10.1046/j.1423-0410.2001.00098.x
https://doi.org/10.1186/s12985-019-1161-5
https://doi.org/10.1371/journal.pone.0050563
https://doi.org/10.1093/cid/cix748
https://doi.org/10.1111/j.1468-1293.2005.00339.x
https://doi.org/10.1002/rmv.2257
https://doi.org/10.4049/jimmunol.0902276
https://doi.org/10.1016/j.tim.2012.01.004
https://doi.org/10.1016/s0166-3542(01)00172-3
https://doi.org/10.1093/ofid/ofx222
https://doi.org/10.3389/fimmu.2022.887760
https://doi.org/10.1002/jmv.25290
https://doi.org/10.1155/2019/8048670
https://doi.org/10.1002/1096-9071(200007)61:3%3c319::aid-jmv6%3e3.0.co;2-r
https://doi.org/10.1111/j.1468-1293.2006.00366.x
https://doi.org/10.1002/jmv.22029
https://doi.org/10.3390/v16010005
https://doi.org/10.1038/s41598-018-23490-4
https://doi.org/10.1111/j.1574-695X.2002.tb00635.x
https://doi.org/10.1111/j.1574-695X.2002.tb00635.x

31 Horng WB, Lee CP, Chen CW. Classification of age groups based
on facial features. Tamkang J Sci Eng. 2001;4(3):183-92. [Cross-
Ref]

32 jégeda EL, Huik K, Pauskar M, Kallas E, Karki T, Des Jarlais D,
et al. Prevalence and genotypes of GBV-C and its associations
with HIV infection among persons who inject drugs in Eastern
Europe. ] Med Virol. 2017;89(4):632-8. [CrossRef]

33 Vitrenko Y, Kostenko I, Kulebyakina K, Sorochynska K. Preva-
lence of human pegivirus-1 and sequence variability of its E2

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.

Infect Dis Clin Microbiol 2025; 77-87

glycoprotein estimated from screening donors of fetal stem
cell-containing material. Virol J. 2017;14(1):167. [CrossRef]

34 Chen S, Wang H, Dzakah EE, Rashid F, Wang ], Tang S. The
Second human pegivirus, a non-pathogenic RNA virus
with low prevalence and minimal genetic diversity. Viruses.
2022;14(9):1844. [CrossRef]

87


https://doi.org/10.6180/jase.2001.4.3.05
https://doi.org/10.6180/jase.2001.4.3.05
https://doi.org/10.1002/jmv.24683
https://doi.org/10.1186/s12985-017-0837-y
https://doi.org/10.3390/v14091844

