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Short title: HPgV-1 in blood of donors of southern Brazil
ABSTRACT

Recent studies have suggested that human pegivirus 1 (HPgV-1) may have
some pathogenic potential. In the southernmost region of Brazil, studies on
HPgV-1 are scarce, and circulating genotypes have not yet been identified.
The present study aimed to evaluate the prevalence of HPgV-1 among
blood donors from the southernmost region of Brazil, and identify the
genotypes involved with associated factors. A cross-sectional study was
conducted with 281 blood donors, who had their plasma subjected to RNA
extraction, cDNA synthesis, HPgV-1 detection by nested-PCR, and
subsequent genotyping. The observed prevalence of HPgV-1-RNA was
21.7%. The only variable that was significantly associated with virus
infection was the relationship status of the donor. Single or no fixed partner
blood donors were twice as likely to have HPgV-1 (95% CI 1.12-4.56, p =
0.02). Genotype 2 - subtypes 2b (69%) and 2a (29%) - was the most
prevalent. In the absence of risk factors for parenteral transmission, it is
likely that sexual transmission was the route of infection in the individuals
studied. Further work will be needed to determine whether this virus is inert
in the population, or if there are a potential deleterious effects in infected

individuals.
Keywords: RNA extraction; Flavivirus; Blood.
INTRODUCTION
Human pegivirusl (HPgV-1), formerly known as GB virus type C

(GBV-C), was identified in 1960 in a patient with acute hepatitis of unknown

cause and was considered a new cause of non-A-E viral hepatitis®.

HPgV-1 was subsequently found to not cause hepatitis and to

replicate in peripheral blood mononuclear cells ex vivo. However, the major
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in vivo cell targets of HPgV-1 have not yet been fully unveiled. In chronically
infected subjects, the virus is found in natural killer, T- and B-cells, and in

monocytes, suggesting a tropism of the virus to those cells?.

HPgV-1 is an RNA virus of the Flaviviridae family, more recently
attributed to the Pegivirus genus®*. To date, seven genotypes have been
found (1 to 7). HPgV-1 infection has a worldwide occurrence. Genotypes 1
and 2 are prevalent in North and Central America and in Africa; genotypes
3 and 4 are common in Asia; while genotypes 5, 6 and 7 are found in
Central and Southern Africa, Southeast Asia and China, respectively””’.
Infection of the same individual with multiple genotypes and recombination
of HPgV-1 are also possible®®. In Brazil, genotypes 1, 2, and 3 have been
found in selected populations as blood donors and individuals infected with

1015 However, studies on this

the human immunodeficiency virus (HIV)
subject are scarce and the circulating strains have not yet been mapped in

the extreme southern Brazil.

HPgV-1 can be transmitted through parenteral, sexual or mother-to-

child routes'®?*®

. Co-infection with HIV or hepatitis C virus (HCV) are
common due to shared transmission modes, and also in those exposed to
transfused blood products, transplanted patients, injection drug users,
hemophiliacs, and patients requiring hemodialysis®®. In the general
population, the prevalence of HPgV-1 ranges from 1-4% in North America

and Europe, and from 5-19% in Africa, Asia and South America®. In Brazil,

the prevalence of HPgV-1 in blood donors and healthy volunteers is
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estimated between 5.1% and 9.7%, with circulating genotypes 1 and

210,21,22-

To date, no epidemiological studies have been carried out on blood
donors in the extreme southern region of Brazil to identify the prevalence
and circulation of HPgV-1. Because it is considered non-pathogenic,
screening for this viral agent is not routinely performed in blood banks.
Screening is also avoided due to its considerable prevalence in the general
population, which could have the potential to restrict the number of donors.
In this scenario, the current study aimed to evaluate, for the first time, the
prevalence and circulating genotypes of HPgV-1, and associated factors, in

blood donors from the southernmost region of Brazil.

MATERIALS AND METHODS

Ethical aspects

This study has been approved by the Health Research Ethics
Committee of Associacdo de Caridade Santa Casa do Rio Grande
(ACSCRG) (n° 23/2015). All participants signed a written informed consent

to be enrolled in the study.

Study design and patients

This is a cross-sectional study to evaluate the prevalence and
genotypic circulation of HPgV-1 and associated factors in blood donors in
the city of Rio Grande, RS, in the southernmost region of Brazil. All

participants were 18 years of age or older and were approved by the
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Hemotherapy Service of ACSCRG for blood donation after initial screening,
and were found to be negative for HIV, HBV and HCV infection as part of
the standard blood donation screening. Sociodemographic and behavioral
data were collected using a structured questionnaire. Interviews and
collection of blood samples occurred between December 2016 and
February 2017. Sample size was calculated using Epi-Info v.3.5.2 software
(CDC, Atlanta, USA), based on a prevalence of 5% to 10% HPgV-1 among

blood donors®?1??,

RNA extraction

Virion RNA was extracted from 140uL of plasma with the QlAamp
Viral RNA extraction kit (QIAGEN) following the manufacturer’s
specifications. RNA was eluted in a final volume of 60 yL of the elution

buffer and stored at -70°C before complementary DNA (cDNA) synthesis.

cDNA synthesis

Ten microliters of the eluted RNA were added to 300 ng of Ng
random oligonucleotides (2 pL of a solution at 150 ng/uL; Life
Technologies, Carlsbad, CA), and denatured for 10 min at 70°C. A reaction
using 200U reverse transcriptase (Superscript; Gibco), 0.1M of DTT, 5U of
RNaseOUT 1 (Life Technologies), and 0.5mM of each desoxinucleotide
was carried out in a final volume of 20 uL at 42°C for 1.5 hr for cDNA
synthesis. From the synthesized cDNA, the HPgV-1 non-coding genomic

region 5’NCR was PCR-amplified as described below.

This article is protected by copyright. All rights reserved.



Nested PCR for HPgV-1

To detect HPgV-1 in the plasma from blood donors, a version
adapted from the PCR protocol described by Jarvis et al.?® was followed.
PCR was performed using two primer pairs in a nested assay. The first
round was performed with 5 pL of the obtained cDNA and the second with
5 L of the product of the first PCR. Both reactions used 1x PCR Buffer,
2mM MgCl,, 0.5mM dNTPs, 1U of recombinant Taq DNA polymerase
enzyme (Invitrogen), Mili-Q water g.s.p. to a final volume of 50 uL and 0.5
MM of primers HGV1 and HGV2 (first round) or HGV3 and HGV4 (second

round). Primers sequences were as follows: HGV1 forward 5'-

AGGTGGTGGATGGGTGATSY, HGV2 reverse 5'-
TGCCACCCGCCCTCACCCGAA-3;, HGV3 forward 5'-
TGGTAGGTCGTAAATCCCGGT-3, HGV4 reverse 5'-

GGAGCTGGGTGGCCCCATGCAT-3'. Using those primers, a 344-bp PCR
product is expected from the 2" round reaction. PCRs were performed in a
thermocycler with the following cycling: an initial denaturation step at 95°C
for 10 min, followed by 40 cycles of 94°C for 30 sec, 55°C for 30 sec and
72°C for 30 sec, and a final extension step at 72°C for 2 min. PCR products
from the second round were on a 1.5% agarose gel electrophoresis. For
this, 5 uL of the PCR product from each sample were mixed with 1 pL of
Blue Green LoadingDye (LGC Technology). Gels were visualized on a UV
transilluminator and images were captured. A positive control for HPgV-1

(providing a PCR band of 344 bp), confirmed by direct sequencing of the
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PCR product, and an HPgV-1-negative sample were used, in addition to a

blank reaction containing no DNA sample.
HPgV-1 genotyping

For the HPgV-1 genotyping and phylogenetic analysis, PCR
products were purified using the GFX PCR DNA and TM-Gel Band
Purification kit (GE Healthcare, S&o Paulo, Brazil) and had their DNA
sequence determined suing the ABI PRISM 1 BigDye™ Terminator Cycle
Sequencing Ready Reaction kit (Life Technologies). DNA sequencing was
carried out in an ABI 3130xI Genetic Analyzer (Life Technologies).
Chromatograms were edited using SegMan (DNAStar, Madison, WI).
Sequence alignment was conducted using CLUSTALW implemented in
BioEdit>*. Consensus sequences were converted into FASTA format and
aligned with reference sequences of HPgV-1 genotypes retrieved from
GenBank. Aligned sequences were subjected to phylogenetic analysis with
the neighbor-joining method, the Kimura two-parameter model and 1,000
bootstrap replicates using MEGA 5% to infer HPgV-1 genotypes. The
HPgV-1 sequences described were submitted to GenBank and were

assigned the accession numbers MH000531 to MH000584.
Statistical analysis

Sociodemographic and behavioral data variables were analyzed.
The chi-square test was employed for comparing categorical variables.
Prevalence ratios and potential risk and protective factors were calculated,

and frequency and percentages were complied. Differences were
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considered statistically significant when P < 0.05. Multivariate analysis
using Poisson regression was additionally carried out, followed by
construction of a hierarchical linear model that incorporated variables with P
< 0.20 in the previous analysis. Socioeconomic variables were considered
in the first level, while behavioral variables were used in the second level.
All analyses were conducted using SPSS for Windows v.12 (IBM Corp.,
Armonk, N.Y.) and Epi-info v.3.5.2 (Centers for Disease Control and

Prevention).

RESULTS

Samples were obtained from 281 blood donors. The prevalence of
HPgV-1 RNA was 21.7% (n = 61). On average, the study population was
33.6 years old (SD = 11.36), participants had completed 10.9 years of study
(SD = 3.58), and had 1.5 sexual partners per year (SD = 2.12). The
socioeconomic and behavioral characteristics of the donors are presented
in Table I. After bivariate analysis of socioeconomic risk factors, ethnicity
was the only variable found to be significant (95% CI 0.92-4.46, P = 0.05);
however, this variable was not statistically significant after adjustment for
other variables. Thus, socioeconomic risk factors showed no overall
statistically significant association with HPgV-1-RNA infection. Interestingly,
although not significant, an association of infection with age could not be
ignored. Donors aged between 18 and 50 years were more frequently
infected by HPgV-1 (93.4%, 57 individuals) than those aged = 51 years
(6.6%, 4 individuals) (95% CI. 0.69-4.53, P = 0.20, Table 1). The only

significant behavioral variable associated with the presence of HPgV-1
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RNA was relationship status. Blood donors who were single or did not have
a fixed partner were twice as likely to be infected with the virus as those
who were married or had a fixed partner (95% CI 1.12-4.56, P = 0.02; Table
II). Regarding sexual activity, there were no statistically significant trends,
although a higher prevalence of HPgV-1 was observed in those who had
more than four sex partners per year. The “tattoo” variable was significantly
associated with HPgV-1 infection in the bivariate analysis, but it lost
significance after adjustment for other variables (95% CI: 0.96-3.05, P =

0.07; Table II).

HPgV-1 subtypes were determined in 52 healthy blood donor
subjects who were positive for the virus (85%) by phylogenetic inference.
The most prevalent genotype was genotype 2, with subtypes 2b (69%, n =
36) and 2a (29%, n = 15) represented (Figure 1). Genotype 1 was found in
only one individual (2%). Despite the low number of positive and genotyped
samples, an attempt was made to cross subtypes 2a and 2b (in greater
number) separately as dependent variables but no association was
observed with the independent variables studied (data not shown). All

remaining variables studied were non-significant.

DISCUSSION

The present study was the first evaluation of the prevalence of
HPgV-1 in blood donors and the first time that the circulating strains of this
virus have been identified in the southernmost region of Brazil. The

prevalence of HPgV-1 infection in blood donors in this region was 21.7%.
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This is expected when compared to the prevalence of HPgV-1 RNA in
blood donors from other developing countries such as South America,
Africa, and Asia, where rates vary from 5% to 19%%°. Regarding blood
donors in Brazil, existing studies estimate the prevalence of HPgV-1 to be
between 5% and 10%'°?%??, Our findings suggest that the rate of infection
among blood donors may be higher in the southern region than in other
regions of the country. An important issue to consider when using PCR to
determine the prevalence of an infectious agent is the choice of
amplification target. The 5'NCR region of HPgV-1 was chosen because it is
well conserved among isolates and easy to amplify. The same region was
used in all previous Brazilian studies that involved blood donors®?:2?,
Therefore, our findings likely reflect a true local condition in the

southernmost region of the country, rather than a difference in the target

gene region.

Of the sociodemographic and behavioral variables studied here, only
relationship status showed a significant association with HPgV-1 infection.
Also, the majority of people infected with HPgV-1 were aged between 18
and 50 years (93.4%); only 6.6% were aged = 51 years. It is known that
HPgV-1 can persist as a chronic infection in about 20 to 30% of healthy
people, but most eliminate the virus within a few years of the initial
infection. A study by Da Mota et al*® suggested that the risk of HPgV-1
infection decreases with age. Another issue to consider is that younger

persons are usually more sexually active, which may increase the likelihood
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of HPgV-1 acquisition. Sexual activity decreases with age, thus diminishing

the risk of infection®*?’.

In the present study, parenteral transmission was not found to be a
significant risk factor for HPgV-1 infection. It is possible that some donors
may have omitted certain risk practices for parenteral transmission so their
blood was not discarded after screening, since reporting previous syringe
sharing, tattoos or transfusions within 12 months of donation are exclusion
criteria. In the face of any patient surgery, his/her relatives are asked to
recruit donors to replenish blood supplies, and that may influence the
veracity of the responses from donors in order to complete the number

requested. This may impose a limitation to the present study.

Yet parenteral transmission is the most well documented and
considered effective, notably via blood and blood products'’, sexual
transmission of HPgV-1 has been recognized®®. In a study conducted in
Séo Paulo, of HPgV-1 sexual transmission was determined as very
efficient?’. The virus prevailed among sexually active individuals,
particularly among those involved in high-risk sexual practices, like in men
who have sex with men®'. Sexual transmission appears to be a major route
of HPgV-1 infection, and this could be the reason why relationship status is
the only variable that presented an increased risk for HPgV-1 infection.
Individuals who were single or without a fixed partner were twice as likely to
be infected with the virus compared to those who were married or had a
partner. Furthermore, while it was not a risk factor, the prevalence of HPgV-

1 was found to be proportional to the number of sexual partners of
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individuals per year, going from 8.3% in donors with no sexual partners to
33.3% among donors with > 4 partners. Our study did not include persons
with more than two sexual partners per year, since this is an exclusion
criterion for blood donors during triage. Despite this, some reported to
interviewers more than two partners per year. In face of this, we think the
number of individuals with several sexual partners may have been

underestimated, this being another limitation of this study.

In a study on the co-infection of HPgV-1 and HIV-1 in southern
Brazil, having 1-3 sexual partners per year was considered a risk factor for
HPgV-1 infection?®. Sexual transmission, besides being quite efficient, is
largely responsible for the spread of HPgV-1 in individuals who are not at
risk of parenteral transmission®?®2°. This has been evidenced by the

current study.

The present study represents the first time that circulating HPgV-1
strains have been identified in the southernmost region of Brazil. After
phylogenetic analysis, genotype subtype 2b, showed the highest
prevalence, followed by subtype 2a and, in smaller numbers, genotype 1.
These findings suggest that the epidemiology of HPgV-1 in the
southernmost region of Brazil is similar to that in the other regions of the
country, with the exception of genotype 3, which has not yet been identified
in this region. In the central and southeastern regions of Brazil, genotypes
2a and 2b represent the majority, while genotypes 1 and 3 are found to a
lesser extent’®'***22 Tq confirm these findings, similar studies should be

carried out in different cities in this region, since it has borders with other
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countries, as well as ports that receive people from many diverse regions of

the world, all of which could introduce different genotypes to the area.

The high similarity between some HPgV-1 sequences in the
phylogenetic analysis (Figure 1) is noteworthy. Since we took multiple
measures to avoid PCR contamination between samples, alternative
explanations for that observation are raised. One would be the nature of the
sequence region selected for HPgV-1 amplification, the 5' NCR. This is a
highly conserved region with few genomic variations®°. In addition, the
amplified fragment was relatively short (344 bp), which further diminishes
the number of phylogenetic informative sites that distinguish the amplified
sequences. The epidemiological profile of donors may also have influenced
the similarity between some sequences, since most donation candidates
were members of the same family, such as spouses, children and other

relatives for the reasons mentioned above in this section.

In conclusion, our data suggest a high endemicity of HPgV-1
infection in blood donors in southernmost Brazil. The co-circulation of
genotypes 1 and 2 in this region, with a higher prevalence of HPgV-1
subtype 2b, was also demonstrated for the first time in this region. The
similarities between some HPgV-1 sequences evidenced an important
contribution of autochthonous transmissions in the area, and HPgV-1 was
likely sexually transmitted in the individuals that were studied. Our data
emphasizes the need to evaluate donor blood components as well as the

individuals who receive blood transfusion for this virus.
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FIGURE

Figure 1. Neighbor-joining phylogenetic tree based on consensus sequences
obtained from the 5'-NCR region of HPgV-1. Query sequences were aligned with
reference sequences of HPgV-1 genotypes 1 through 7. Relevant bootstrap values
(above 75%) are shown. Sequences generated in this study are marked with a green
circle, while reference sequences are named after their GenBank accession number
followed by the HPgV-1 genotype to which they are assigned. The scale bar under
the tree indicates 0.01 nucleotide substitutions per site.
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TABLE |: Sociodemographic and behavioral profiles of blood donnors

analyzed in the study, stratified by HPgV-1 positivity

HPgV-  Prevalence
+

Variable/Category n (%) 1 95%CI  P?
Age ’
> 51 years 31 (11) 4(6.6) 1.0
18-50 years 250 (89) 57 1.76 0.69- 0.20
(93.4) 4.53
Ethnicity
Non-white 51 (18.1) 6098 10
White 230(81.9) 55 2.03 0.92- 0.05
(90.2) 4.46
Gender
Female 70 (24.9) 16 1.0
(26.2) 0.79
Male 211 (75.1) 45 1.07 0.65-
(73.8) 1.77
Education
<4 years 16 (5.7) 4(6.6) 1.0
5-8 years 59 (21) 12 0.81 0.30- 0.91
(29.7) 2.18
= 9 years 206 (73.3) 45 0.87 0.36-
(73.8) 2.12
Relationship status
Married / fixed partner 92 (32.7) 12 1.0 0.01
(19.7)
Single / no fixed partner 189 (67.3) 49 1.99 1.11-
Income”
<1Minimum wage (MW) 67 (23.8) 16 1.0 0.61
(26.2)
1-2 MW 93 (33.1) 17 0.76 0.41-
>2 MW 121 (431) 28 0.96 0.57-
Residence
Rural 19 (6.8) 7(115) 1.0 0.09
Urban 262 (93.2) 54 0.56 0.30-
(88.5) 1.05
User of inhaled drugs
No 251 (89.3) 56 1.0 0.74
Yes 30 (10.7) 5(8.2) 0.74 0.32-

Shared syringes or needles

No 218 (77.6) 49 1.0 0.56
(80.3)

Yes 63(22.4) 12 0.84 0.48-
(19.7) 1.49
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Tattoo

No 169 (60.1) 30 1.0 0.04
(49.2)

Yes 112(39.9) 31 1.56 1.00-

Number of sexual partners per

None 12 (4.3) 1(1.6) 1.0 0.25

1-3 partners 251 (89.3) 54 2.58 0.39-
(88.5) 17.11

24 partners 18 (6.4) 6(9.8) 4.00 0.58-

Already lived in another state

or country

No 167 (59.4) 33 1.0 0.33
(54.1)

Yes 114 (40.6) 28 1.24 0.79-
(45.9) 1.98

éChi-square test
MW at the time of the study of approximately US$ 300.00

Statistically significant results are indicated in bold.

TABLE Il. Multivariate analysis of characteristics associated with HPgV-1

infection in a sample of blood donors of southern Brazil

Prevalence

Variables Ratio 95%Cl p*
Age
= 51 years 1.0
18-50 years 0.63 0.20-1.97 0.43
Ethnicity
Non-white 1.0
White

0.44 0.17-1.10 0.08
Relationship status
Married / fixed partner 1.0
Single / no fixed partner 2.26 1.12-4.56 0.02
Residence
Rural 1.0
Urban 1.73 0.74-5.59 0.16
Tattoo
No 1.0
yes 1.71 0.96-3.05 0.07
Number of sexual partners per
year
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None 1.0
1-3 partners 3.10 0.38-25.00 0.28

2 4 partners 457 0.46-45.07 0.19

*P-values in bold are statistically significant.
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