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Introduction

Human Pegivirus Type 1 (HPgV-1), formerly known as 
GBV-C or hepatitis G virus, is a single-stranded positive 
RNA virus belonging to the Pegivirus genus of the Flavi-
viridae family. The HPgV-1 genome contains approximately 
9,400 nucleotides that encompass a single open reading 
frame (ORF) located between the untranslated regions 
(UTRs) at the 5′ and 3′ ends of the genome. The RNA trans-
lation results in the synthesis of a single polyprotein of 
approximately 3,000 amino acid residues which is cleaved 
into two structural proteins (envelope proteins E1 and E2) 
and six non-structural (NS) ones (NS2, NS3, NS4A, NS4B, 
NS5A, and NS5B) [1]. Taxonomically, HPgV-1 is divided 
into seven genotypes that show specific geographic ende-
micity based on the phylogenetic analysis of the 5 ́UTR and 
E2 genomic regions of HPgV-1 [2].

Initially, the HPgV-1 was detected in patients suffering 
from acute hepatitis and was thought that is a cause of this 
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Abstract
Human Pegivirus Type 1 (HPgV-1), a ubiquitous commensal virus, has been recently suggested as a marker of immuno-
logic function. There is scarce data for the presence, genotypes, and molecular characteristics of HPgV-1 among kidney 
transplant recipients. Therefore, the objective of this study was to examine the prevalence and the molecular characteristics 
(cycle threshold, genotypes) of this viral infection among kidney transplant recipients from the Brasília, Federal District of 
Brazil. HPgV-1 RNA detection in the plasma was assessed by RT-qPCR. Positive samples were submitted to sequencing 
and phylogenetic analysis of the 5´-UTR portion of the viral genome. The estimated HPgV-1 prevalence among renal-
transplant recipients was 20%. The performed phylogenetic inference revealed that the most frequent genotype among 
these patients was HPgV-1 genotype 2 (78.9%) presented by its two subgenotypes (2 A and 2B), followed by genotypes 
1 and 3 (10.5% each). This study presents new data about the HPgV-1 circulation and molecular characteristics among 
kidney transplant recipients from the Federal District of Brazil. Further work is fundamental to examine the effect of 
HPgV-1 among patients with immunological suppression, including kidney transplant recipients.
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disease named therefore Hepatitis type G. However, the 
association with hepatic disease or other acute clinical con-
dition in humans has not been proven over the years, and 
currently the scientific community believes that HPgV-1 
is a commensal virus due to its widespread in the human 
population [3]. Studies indicate that approximately 750 mil-
lion people worldwide are infected with HPgV-1. HPgV-1 is 
efficiently transmitted parenterally, sexually and vertically 
[4]. Therefore, higher prevalence is observed in individuals 
who have been submitted to multiple transfusions includ-
ing high levels of parenteral exposure, human immunodefi-
ciency virus (HIV-1), HCV (hepatitis C virus), and Hepatitis 
B virus (HBV) and in transplant recipients [5–8].

Recently, several studies have evaluated the presence of 
the HPgV-1 RNA as a co-infection with HBV, Ebola, and 
especially HIV [8–11]. In HIV-infected individuals, HPgV-1 
viremia appears to be associated with better outcomes, such 
as reduced HIV viral load, better response to antiretrovirals, 
lower rates of vertical transmission, and slower progression 
to AIDS [10, 11]. It is believed that the better outcome in 
HIV-infected patients harboring HPgV-1 is due to immu-
nomodulatory effects of the latter [10]. Some studies were 
conducted to observe whether these immunomodulatory 
events influence the outcome of the HPgV-1 infected kid-
ney recipients, since these patients are submitted to specific 
immunosuppression schemes for graft maintenance [12, 
13]. Until now, there is no association between HPgV-1 and 
transplantation outcome.

Although there are various studies about the influence 
of HPgV-1 on renal transplantation, there is no information 
about the HPgV-1 genotypes that circulate among patients 
with kidney transplantation. In our previous survey that used 
viral metagenomics to characterize the virome of kidney 
transplant recipients from Central-West Brazil, we observed 
a high abundance of sequence reads that belonged to HPgV-
1. This raised serious concerns about HPgV-1 frequency and 
genotypes that circulate among patients submitted to renal 
transplantation.

Materials and methods

Kidney transplant recipients and sample collection

Between June 2018 and August 2021, 95 kidney transplant 
recipients (54 men and 41 women) treated at the University 
Hospital of Brasília, Federal District, Brazil (Fig. 1) were 
included in this study. Briefly, 5 mL of total blood was col-
lected in EDTA sterile vacutainers (Vacuette, Greiner Bio-
One, Americana, São Paulo, Brazil) and after low-speed 
centrifugation (1931×g, 10 min) the plasma was separated 
and stored at -80 °C until use. The study was approved by 
the Research Ethics Committee of the Faculty of Ceilândia, 
University of Brasília, Distrito Federal, Brazil (CEP-FCE/
UnB, CAAE 83811718.8.0000.8093).

All participants provided signed informed consent forms 
before sample collection. Prior to transplantation and annu-
ally post-transplantation, all patients underwent testing for 
HIV and HCV. None of the patients included in this study 
were infected with HCV and/or HIV. Furthermore, viral 
metagenomic analysis revealed the absence of HIV, HCV, 
or HBV reads, reinforcing the absence of these infections 
among the patients. The investigation was initiated due to 
the notable abundance of HPgV-1 sequence reads observed 
in the viral metagenomics analysis. Initially, samples were 
subjected to viral metagenomics, which revealed a signifi-
cant prevalence of HPgV-1 sequence reads in the majority of 
sample pools. Out of the 19 tested sample pools, 14 exhib-
ited the presence of HPgV-1 sequence reads. This prompted 
a more detailed investigation into this viral agent within 
the patient group, particularly considering the limited data 
available in the Federal District of Brazil and globally. Sub-
sequently, all individual samples that composed the pools 
were tested for the presence of HPgV-1 RNA by RT-qPCR 
and sequenced to study the viral genotypes.

Fig. 1 Geographic localization 
of the studied region from where 
kidney transplant recipients were 
recruited within Brazil and South 
America. Kidney transplant 
recipients treated at the Univer-
sity Hospital of Brasília, Federal 
District, Brazil were included in 
this study
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Viral RNA extraction and HPgV-1 detection by RT-
qPCR

Viral nucleic acids were automatically extracted 
using EXTRACTA Kit FAST-DNA and RNA Viral in 
EXTRACTA 32 equipment (Loccus, Brazil) following the 
manufacturer’s instructions. HPgV-1 RNA was detected by 
RT-qPCR, applying the GoTaq® 1-Step RT-qPCR System 
kit (Promega, Madison, Wisconsin, USA) following the 
manufacturer’s protocol. The cycling consisted of 1 cycle of 
reverse transcription (RT) for 40 min at 40°C; inactivation 
of Reverse Transcription (RT)/start of denaturation (1 cycle) 
for 2 min at 95°C; amplification for 40 cycles of 95°C for 15 
s and 60°C for 1 min. The following primers and probe cor-
responding to 5’ UTR of the viral genome were used: RTG1 
5’- G T G G T G G A T G G G T G A T G A C A-3’ (forward), RTG2 
5’- G A C C C A C C T A T A G T G G C T A C C A-3’ (reverse) and 
NFQ 5’-FAM- C C G G G A T T T A C G A C C T A C C-3’ (hydro-
lytic probe) [14].

Amplification of HPgV-1 5’-UTR by RT-nested PCR

After the confirmation of HPgV-1 positive samples, the 
5’-UTR region of the virus genome was amplified for further 
genotyping. Initially, the reverse transcription (RT) was per-
formed using High-Capacity cDNA Reverse Transcription 
enzyme (Applied Biosystems, Waltham, Massachusetts, 
USA) according to the manufacturer’s recommendations 
using the primer GUTR.R01 (‘5-  A A T G C C A C C C G C C C T 
C A-3’). The nested-PCR protocol was adapted from previ-
ous studies [15, 16]. In brief, both rounds of nested-PCR 
were performed in a 50 µL reaction containing 5 µL cDNA 
(the first reaction product was used for the second round), 1 
× PCR buffer, 1.5 mMMgCl2, 400 nM of each primer, 200 
µM of dNTPs and 1.25U/reaction of recombinant Taq DNA 
polymerase (Thermo Fisher Scientific, São Paulo, Brazil). 
For the first reaction, GUTR.F01, 5’− G G T T G G T A G G T C G 
T A A A T C C C G − 3’ (forward primer) and GUTR.R01, 5’− A 
T G C C A C C C G C C C T C A − 3’ (reverse primer) were used. 
For the second reaction, the GUTR.F02 5’− G T A G G T C G 
T A A A T C C C G G T C A − 3’ (forward primer) and GUTR.R02 
5’ − C G A A G G A T T C T T G G G C T A C C − 3’ (reverse primer) 
were used. Nested-PCR reactions were performed in Veriti 
96-Well Thermal Cycler (Applied Biosystems, Waltham, 
Massachusetts, USA). For both rounds of nested-PCR the 
following protocol was used: denaturation at 95 °C for 
5 min, followed by 35 cycles of 95 °C for 30 s (40 cycles for 
second reaction), 55 °C for 30 s and 72 °C for 1 min. A final 
extension at 72 °C for 10 min was used. The Nested-PCR 
products (379-nucleotide band) were detected by agarose 
gel (2.0%) electrophoresis stained with ethidium bromide 

and visualized under ultraviolet (UV) illumination in an 
L-PIX TOUCH instrument (Loccus, São Paulo, Brazil).

Phylogenetic analysis of HPgV-1

The 5´-UTR sequencing was performed in the ABI 3500 XL 
DNA sequencer, using BigDye™ Terminator v 3.1 Cycle 
Sequencing Kit (Thermo Fisher Scientific, São Paulo, Bra-
zil) with the following protocol: 95ºC for 1 min for initial 
denaturation and 25 cycles of 96ºC for 10 s, 50ºC for 5 s, 
and 60ºC for 4 min.

The obtained electropherograms were initially analyzed 
using BioEdit (Ibis Therapeutics, Carlsbad, CA). For refer-
ence HPgV-1 sequences we obtained 71 complete genomes 
from the GenBank using the key words GBV-C, hepatitis 
G, Human pegivirus − 1 and complete genome. To align the 
sequences, we used MAFFT software [17] and the obtained 
alignment was manually edited using Aliview [18]. Max-
imum-likelihood trees were reconstructed using IQ-TREE 
software [19] with bootstrap support of 1,000 replicates. 
The most adequate substitution model was determined by 
using ModelFinder Plus (MFP). Finally, Figtree software 
was used for tree visualization and for phylogenetic signal 
analysis [20].

Statistical analysis

The online tool http://www.winepi.net was used to calculate 
the prevalence of HPgV-1 RNA found in our study and the 
estimated true prevalence considering the total number of 
kidney transplantations performed in the University Hospi-
tal of Brasília until August 2021. To do this, we considered 
the perfect sensitivity and specificity for the used diagnostic 
test for HPgV-1 RNA detection. Student’s t-test was used to 
compare age mean and Fisher’s exact test was used to com-
pare HPgV-1 RNA prevalence between male and female.

Results

Blood samples were obtained from 95 kidney transplant 
recipients, of which 54 were male (56.8%) and 41 were 
female (43.2%) with a mean age of 45.3 years (± 14.1 years). 
The mean age was 47.5 (± 12.6 years) years for male and 
43.2 (± 15.4 years) for female patients. No difference was 
observed between male vs. female mean age (p = 0.1708).

Initially, the samples were pooled (5 samples/pool) and 
evaluated by viral metagenomics. From 19 pools, 14 pools 
presented positivity for HPgV-1 RNA (unpublished data). 
Then, the positive pools (70 samples) were separately tested 
for HPgV-1 RNA by RT-qPCR. The estimated HPgV-1 fre-
quency was 20% (n = 19/95, mean age 41.6, range ± 12.9). 
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evaluate the distribution of HPgV-1 RNA among the differ-
ent age groups of the kidney transplant recipients, they were 
divided into five age groups: 18–29 years, 30–39 years, 
40–49 years, 50–59 years, and > 60 years. The observed 
prevalence was 18.8% among the group with 18–29 years, 
26.6% in the group of 30–39 years, 28.5% in the group of 
40–49 years, 17.2% in the group of 50–59 years, and 7.1% 
in the group of > 60 years. We also evaluated the prevalence 
HPgV-1 RNA among the recipients with different time after 
kidney transplantation was evaluated. The recipients were 
divided into five different groups: < 1 year, 1–3 years, 4–6 
years, 7–9 years and > 10 years after transplantation. The 
observed prevalence was 7.1% among the group with < 1 
years, 25% in the group of 1–3 years, 27.3% in the group of 
4–6 years, 22.2% in the group of 7–10 years, and 0.0% in 
the group of > 10 years after transplantation (Table 2).

The performed phylogenetic analysis demonstrated that 
the obtained sequences from 19 kidney transplant recipients 
from Central-West Brazil: were characterized as HPgV-1 
genotypes 1, 2 and 3. As expected, the most prevalent geno-
type was 2, and it was represented by 15 positive samples 
(78.9%). Genotype 2 was presented with both subgenotypes 
2 A and 2B. One sequence belonged to sub-genotype 2 A 
(1/19, 5.3%) and 14 sequences belonged to sub-genotype 
2B (14/19, 73.6%). Interestingly, HPgV-1 presented at 
lower frequency in Brazil were also identified, once 2 sam-
ples belonged to genotype 1 (2/19, 10.5%) and 2 samples 
belonged to genotype 3 (2/19, 10.5%) (Fig. 2). Finally, the 
phylogenetic signal analysis demonstrated that only 13.5% 
of the taxa did not have their topologies grouped, indicating 
a strong phylogenetic signal (Fig. S1).

Discussion

In our study, where we estimated the frequency of HPgV-1 
RNA among kidney transplant recipients from University 
Hospital of Brasília, Central-West Brazil, we detected an 
overall prevalence of 20% HPgV-1 RNA (estimated true 
prevalence between 13.1 and 26.9%). The prevalence in 
our cohort was in line with other studies that examined 
the HPgV-1 infection among Brazilian kidney transplant 
recipients, that is in Central-West Brazil (city of Goiania), 
where the detected prevalence was 16.7% [21] and in Rio de 
Janeiro (southeastern Brazil) reporting a very high HPgV-1 
RNA prevalence of 36.1% [13]. Additionally, few studies 
evaluated the prevalence of HPgV-1 RNA among kidney 
transplant recipients worldwide. Higher prevalences were 
observed in Turkey (42%) [22] and India (52.9%) [23], 
and similar prevalences were observed in Italy (24%) [24] 
and Spain (26.1%) [12] compared to the present study. We 
believe that the differences in the prevalence of HPgV-1 

The positive samples presented a mean cycle threshold of 
27.62 (± 3,86). Despite the absence of statistical significance 
(p = 0.0695), the prevalence of HPgV-1 RNA was higher in 
females compared to male kidney transplant recipients. The 
prevalence was 13% (n = 7/54, mean age 42.3, range ± 7.6) 
in males and 29.3% (n = 12/41, mean age 41.2, range ± 12.9) 
in females. The statistical evaluation demonstrated that the 
estimated true prevalence ranged between 13.1 and 26.9%, 
considering the total number of kidney transplantations per-
formed at the University Hospital of Brasília until August 
2021 (352 kidney transplantations). No statistical difference 
was observed between the mean ages of HPgV-1 RNA-pos-
itive male and female patients (Table 1).

The prevalence of HPgV-1 RNA by age group and 
time after kidney transplantation are shown in Table 2. To 

Table 1 Studied population and HPgV-1 RNA prevalence
Gender Male Female Total Estimated 

true preva-
lence (CI: 
95%) **

N 54 
(56.8%)

41 
(43.2%)

95 
(100%)

------

Age mean (± SD) 47.5 
(± 12.6)a

43.2 
(± 15.4)a

45.3 
(± 14.1)

------

HPgV-1 RNA + 7 (13%)b 12 
(29.3%)b

19 (20%) 
*

13.1–
26.9%**

Age Mean (± SD) 42.3 
(± 7.6)c

41.2 
(± 12.9)c

41.6 
(± 12.9)

------

SD: Standard deviation; CI: confidence interval
*Apparent prevalence observed in this study
**Estimated true prevalence considering 352 kidney transplant 
recipients
a Student’s t-test: p = 0.1708
b Fisher’s exact test: p = 0.0695
c Student’s t-test: p = 0.8405

Table 2 Prevalence of HPgV-1 RNA by age groups and time after kid-
ney transplantation
HPgV-1 RNA prevalence by age group Results
18–29 years 3/16 (18.8%)
30–39 years 4/15 (26.6%)
40–49 years 6/21 (28.5%)
50–59 years 5/29 (17.2%)
> 60 years 1/14 (7.1%)
Total 19/95 (20%)
HPgV-1 RNA prevalence by time after kidney 
transplantation

Results

< 1 year 1/14 (7.1%)
1–3 years 6/24 (25%)
4–6 years 6/22 (27.3%)
7–9 years
> 10 years

6/27 (22.2%)
0/6 (0.0%)

NA 0/2 (0.0%)
Total 19/95 (20%)
*NA: not available
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for kidney transplant recipients due the enhanced possibil-
ity of parenteral transmission. This is strengthened by the 
evidence that HPgV-1 RNA-positive recipients have higher 
intraoperative transfusion requirements and increased num-
ber of pre-transplant transfusions compared to HPgV-1 
RNA-negative recipients [12].

The evaluation of the HPgV-1 infection kinetics dem-
onstrated that the rate of HPgV-1 infection increased from 
14.7% at pre-transplantation to 19.1% at 1-year post-trans-
plantation [12]. Here, we observed that the prevalence 
rate of HPgV-1 RNA increased from 7.1% in patients with 
> 1-year post-transplantation to 25% in patients with 1–3 
years post-transplantation. The prevalence rate remains 
higher in patients with 4–6 years (27.3%) and 7–9 years 
post-transplantation (22.2%), decreasing after 10 years. 
We are unaware if HPgV-1 RNA was already present in 
patients before transplantation and, therefore, it is impossi-
ble to guess if the respective patients had a previous HPgV-1 
infection. However, the increasing prevalence within the 
post-transplantation period might be a result of infection 
obtained by the transplanted organ, received blood compo-
nents or the presence of underlying low-level HPgV-1 infec-
tions due to the maintenance of immunosuppressive therapy. 
Current detection methods may not be effective in detecting 
an HPgV-1 infection with low-levels of replication [33] and 
the prevalence in the first-year post-transplantation may be 
higher than previously assumed.

may be explained by epidemiological variations (size and 
the clinical features of the patients), transmission routes, 
level of immunosuppression, living habits and sensitivity of 
the detection methods [21, 25].

On the contrary, studies that examine the HPgV-1 prev-
alence in other study groups showed lower values. For 
example, Brazilian studies that investigated the HPgV-1 
prevalence among healthy blood donors showed lower 
prevalence which varied between 4.2% and 10% [15, 16, 
26–29]. In general, the higher prevalence rates among kid-
ney transplant recipients were expected due to two main rea-
sons (i) high levels of parenteral exposure, such as previous 
hemodialysis and (ii) the levels of drug immunosuppression 
in these patients that maintain the functional characteristics 
of the transplanted kidney along life. In this regard, studies 
performed in South America showed HPgV-1 RNA preva-
lence rates varying between 12.8% and 17.6% in patients 
submitted to hemodialysis [21, 30–32].

We also observed a gradual increase of the HPgV-1 RNA 
prevalence which started with 21.4% in the age groups 
of 18–29 years and peaked in the group of 40–49 years 
(28.5%) with a gradual decrease in the group of 50–59 years 
(17.2%) and > 60 years (7.1%). These results are similar to 
the Brazilian studies, especially those investigating blood 
donors [15, 31]. Although the authors indicate that sexual 
activity influences this age distribution of prevalence for 
healthy blood donors, this conclusion cannot apply clearly 

Fig. 2 Maximum-likelihood phylogenetic tree of the 5´UTR region 
of the Human Pegivirus-1 (HPgV-1) obtained from kidney transplant 
recipients from Central-West Brazil. HPgV-1 isolated from kidney 
transplant recipients were characterized as genotypes 1 (2/19), 2 (1/19 

sub-genotype 2 A and 14/19 sub-genotype 2B) and 3 (2/19). The 
HPgV-1 isolates detected in kidney transplant recipients are marked by 
red color and identified by the respective accession number in NCBI 
(OR449336 to OR449354)
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The performed phylogenetic analysis showed the pres-
ence of three genotypes of HPgV-1 (genotypes 1, 2, and 3) 
in kidney transplant recipients from Central-West Brazil. 
The genotype 2 was the most frequently detected (15/19, 
78%), with 1 specimen belonging to sub-genotype 2 A 
(5.3%) and 14 sequences belonging to sub-genotype 2B 
(73.6%). These results were expected, once the genotype 2 
is the most frequently detected HPgV-1 genotype in Brazil 
in different patient groups like HIV-1 infected individuals 
[21, 29, 34], healthy blood donors [15, 16, 35–37], kidney 
transplant recipients [21, 38] and patients with fulminant 
hepatitis [38]. Additionally, HPgV-1 genotype 2 is the most 
prevalent one in European countries and the USA [39, 40].

At lower percentages, we also detected genotypes 1 and 
3, with 2 specimens belonging to genotype 1 and 2 speci-
mens belonging to genotype 3. Genotype 1 is identified pre-
dominantly in Africa [41, 42], while genotype 3 is endemic 
for Asian and Amerindian populations [43, 44]. Some Bra-
zilian studies also detected, at lower prevalence, HPgV-1 
genotypes 1 and 3 among blood donors [15], HIV-1 infected 
individuals [29] and kidney transplant recipients [21, 38]. 
We believe that the presence of HPgV-1 genotypes like 1 
and 3 (rare for Brazil) might be related with the miscegena-
tion of the country, where descendants of African and Amer-
indian origin are present.

Like any study, ours also exhibits several limitations, 
which are important to acknowledge as they may poten-
tially influence the outcomes. These limitations encom-
pass the restricted number of patients, who were sourced 
from a single center. Moreover, although we employed a 
genomic region traditionally utilized for HPgV-1 analysis, 
its size was relatively small. Consequently, acquiring com-
plete HPgV-1 genomes is imperative for comprehending the 
molecular evolution of this viral agent among renal trans-
plantation patients.

Conclusion

In our study, it was possible to observe a prevalence rate 
relatively close to other studies carried out in kidney trans-
planted recipients. Genotype 2 was the most frequent geno-
type (78.9%), followed by genotypes 1 and 3 (10.5% each), 
which corroborates other studies that point to genotype 2 as 
the most common genotype in Brazil. Many aspects of the 
HPgV-1 infection remain unclear, and we believe that other 
studies are necessary to examine the possible immuno-
modulatory functions of HPgV-1 among kidney transplant 
recipients and if this virus can influence the outcome of the 
kidney transplantation.
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