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Previous studies have demonstrated that coinfec-
tion with HPgV is a protective factor for human
immunodeficiency virus (HIV)-infected patients,
leading to slower disease progression, and lon-
ger survival after established disease. The pres-
ent study sought to estimate the prevalence of
HPgV infection and associated risk factors in
patients harboring C or non-C HIV-1 subtypes
followed-up at HU-FURG, southern Brazil. Sam-
ples from 347 HIV–1-infected subjects were
subjected to plasma RNA extraction, cDNA
synthesis, HPgV RNA detection, and HIV-1
genotyping. The overall prevalence of HPgV RNA
was 34%. Individuals aged 18–30 years had
higher chances of infection compared with those
50 years or older (95%CI 1.18–52.36, P¼ 0.03).
The number of sexual partner between one and
three was a risk factor for HPgV infection (95%CI
1.54–10.23; P< 0.01), as well as the time since
diagnosis of HIV-1� 11 years (95%CI 1.01–2.89;
P¼ 0.04). Patients infected with HIV non-C
subtypes had six times more chance of being
HPgV-infected when compared to subtype
C-infected subjects (95%CI 2.28–14.78; P< 0.01).
This was the first study conducted in southern
Brazil to find the circulation of HPgV. HIV/HPgV
coinfection was associated with a longer survival
among HIVþ patients. Of novelty, individuals
infected by HIV non-C subtypes were more
susceptible to HPgV infection. However, addi-
tional studies are needed to correlate the HIV-1
subtypes with HPgV infection and to clarify
cellular and molecular pathways through which
such associations are ruled. J. Med. Virol. 88:
2106–2114, 2016. # 2016 Wiley Periodicals, Inc.
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INTRODUCTION

Human pegivirus (HPgV), previously named GB
virus type C (GBV-C), is an RNA virus of the
Flaviviridae family, recently assigned to the Pegivi-
rus genus [Stapleton et al., 2012a; Adams et al.,
2013]. So far, seven HPgV genotypes have been
described (one through seven) which are directly
related to their geographic region of origin [Pavesi,
2001; Berzsenyi and Roberts, 2006; Feng et al.,
2011]. In Brazil, genotypes one and two were found
[Oliveira et al., 2002; Nishiya et al., 2003; Alcalde
et al., 2010; Campos et al., 2011; Giret et al., 2011;
Souza et al., 2012].
The HPgV was firstly identified in a patient with

acute hepatitis of unknown cause at that time. It was
thought to be the new causative agent of viral
hepatitis non-A–E [Deinhardt et al., 1967]. It has
been later found that HPgV did not cause hepatitis
and it replicated in peripheral blood mononuclear
cells ex vivo, but the main cell targets in which
HPgV replicates in vivo have not been fully eluci-
dated. In individuals with chronic HPgV infection,
viral RNA is found mainly in natural killer (NK)
cells, T and B lymphocytes and monocytes, suggest-
ing a broad cellular tropism [Chivero and Stapleton,
2015]. HPgV infection is common worldwide, and
can be transmitted by parenteral, sexual, and
mother-to-childroutes [Feucht et al., 1997; Abe, 2001;
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Ramia et al., 2004]. In healthy populations, the
prevalence of HPgV is approximately 1–4% in Europe
and North America, and 5–19% in South America,
Africa, and Asia [Mohr and Stapleton, 2009]. Due to
the similar modes of transmission, its prevalence
increases in populations infected with HIV, HCV and
those exposed to transfused blood products, trans-
planted patients, injecting drug users, hemophiliacs,
and hemodialysis users [Mohr and Stapleton, 2009].
The worldwide prevalence of HPgV in HIV-positive
individuals varies between 17% and 89%, and it
varies according to the region studied [Heringlake
et al., 1998; Alcalde et al., 2010; Campos et al., 2011;
Giret et al., 2011; Souza et al., 2012; Anggorowati
et al., 2013; Ernst et al., 2013; Lee et al., 2014; Sahni
et al., 2014]. In Brazil, the prevalence of HPgV RNA
in HIV-1-positive patients has been estimated be-
tween 21% and 30% [Alcalde et al., 2010; Campos
et al., 2011; Giret et al., 2011; Souza et al., 2012].
Several studies have found a positive association

between persistent HPgV infection and increased
survival in HIV-infected individuals [Heringlake et al.,
1998; Toyoda et al., 1998; Tillmann et al., 2001; Xiang
et al., 2001; Williams et al., 2004; Zhang et al., 2006;
Vahidnia et al., 2012]. Progression to AIDS occurs
more slowly and, in patients with AIDS it can result in
longer survival and lower mortality rates [Xiang et al.,
2001; Stapleton et al., 2013]. It is thought that persis-
tent infection HPgV reduces the activation of T-cells,
impairing the efficient replication of HIV-1, and thus
contributing to increased survival in coinfection
[Schwarze-Zander et al., 2006; Giret et al., 2009;
Stapleton et al., 2012b]. In this context, the possibility
of developing an alternative therapy to improve sur-
vival of HIV-positive patients has been suggested.
Gretch [2012] suggests we should consider the develop-
ment of a biovaccine derived from HPgV for people
living with HIV, especially in resource-poor countries
where AIDS mortality rates are still high. Some
analogous synthetic peptides of the HPgV structural
protein E1 interact with HIV in a membrane model,
exerting reductive activity in the fusion of gp41 to
target cells [S�anchez-Mart�ın et al., 2011], whereas in
similar studies, E2 proteins NS3, and NS5A were able
to inhibit HIV replication in vitro [George et al., 2007;
Jung et al., 2007; Xiang et al., 2012].
HIV comprises two types (HIV-1 and HIV-2). HIV-1

is more virulent and more widespread worldwide.
HIV-2 appears to be less virulent and found almost
exclusively in West Africa. HIV-1 presents four distinct
groups (M through P), being group M the one responsi-
ble for the current AIDS pandemic [Simon et al.,
1998]. Group M is subdivided into nine pure genetic
subtypes (A–D, F–H, J and K), in addition to recombi-
nant circulating forms (CRFs), consisting of more than
one subtype, and that reached an epidemic spread
[Robertson et al., 2000]. The worldwide distribution of
subtypes is heterogeneous, with different prevalence
depending on the region. The most prevalent is
subtype C, which is most common in sub-Saharan

Africa, East Africa, India, and Southern Brazil
[Hemelaar et al., 2011]. Subtype B is the most
widespread worldwide, predominantly in developed
countries like the US, Western European countries,
Japan, and Australia [Hemelaar et al., 2011]. Subtype
B is predominant in Brazil, but subtypes C, F, and
circulating CRFs also circulate significantly in the
country [Silveira et al., 2012]. Studies have shown an
increased prevalence of subtype C in Brazil, mainly in
Rio Grande do Sul (RS), and Paran�a states. In the city
of Rio Grande/RS, this is shown by the rise in the
prevalence of subtype C from 22% in 2002 [Martinez
et al., 2002] to 56 % in 2010 [Silveira et al., 2012].
In Brazil, most HPgV studies were performed in

the city of S~ao Paulo where HIV-1 subtype B is the
most prevalent. Due to the absence of data on HPgV
epidemiology from southern Brazil, to the fact that
this region has a great diversity of HIV-1 subtypes
and a high prevalence of HIV-infected individuals,
this study aimed to evaluate the prevalence of HPgV
infection, and associated risk factors in
HIV-1-infected patients treated at the Hospital Uni-
versit�ario Dr. Miguel Riet Corrêa Jr. (HU/FURG), in
Rio Grande, southern Brazil.

MATERIALS AND METHODS

Ethical Aspects

The study has been approved by the Health
Research Ethics Committee (CEPAS) of Universidade
Federal do Rio Grande (FURG) (n˚ 113/2012). All
participants provided written informed consent to
participate in the study.

Study Design and Patients

This was a cross-sectional study designed to assess
the prevalence of HPgV infection and associated risk
factors in patients with different HIV-1 subtypes. All
patients aged over 18 years, seen at the HIV/AIDS
service of HU-FURG, a University Hospital in Rio
Grande, RS, Brazil, were invited to participate in the
study. Plasma samples were obtained from November
2011 to April 2012. Behavioral, clinical, and labora-
tory data were collected through a questionnaire and
analysis of medical records. Sample size was calcu-
lated in the Epi-Info software environment, on the
basis of a presumed HPgV prevalence of 21–30% in
patients with HIV-1 in Brazil [Alcalde et al., 2010;
Campos et al., 2011; Giret et al., 2011; Souza et al.,
2012]. The series consisted of 347 patients seen at
the mentioned service.

RNA Extraction

Viral RNA was extracted from 140mL of plasma
using the QIAamp

1

Viral RNA extraction kit (Qiagen)
according to the manufacturer’s protocol. RNA was
eluted in 60mL of AVE buffer and stored at �70˚C until
the synthesis of complementary DNA (cDNA).
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Synthesis of cDNA

After RNA elution, 10mL were added to 300ng of
random oligonucleotides (2mL of a 150ng/mL solution,
N6, Life Technologies, Carlsbad, CA), and denatured
at 70˚C for 10min. For cDNA synthesis, a reaction
using 200U of reverse transcriptase (Superscript;
Gibco), 0.1M of DTT, 5U of RNaseOUT 1 (Life
Technologies), and 0.5mM of each desoxinucleotide
cDNA reaction was conducted at 42˚C for 1hr and
30min in a final volume of 20mL. From the cDNA,
HPgV non-coding genomic region 5’NCR was ampli-
fied, using real-time PCR as below.

Real-Time PCR for HPgV

A fragment of HPgV 5’NCR non-coding genomic
region was amplified using the following primers: RTG1
(GTGGTGGATGGGTGATGACA; sense); RTG2 (GACC-
CACCTATAGTGGCTACCA; antisense) and NFQ (5’-
FAM- CCGGGATTTACGACCTACC30; probe) [Campos
et al., 2011]. Five microliters of cDNA were added to
10mL of 2� TaqMan universal mix and 1mL of 20�
concentrated mix containing the sense and antisense
primers at 360 and 100mmol/L probe to a final concen-
tration of 0.9pmol/uL of primers, and 0.25pmol/mL of

probe. An ABI Prism 7500 platform (Applied Biosys-
tems, Foster City, CA) was used with an initial cycle at
95˚C for 10min followed by 40 cycles of 95˚C for 15 sec
and 60˚C for 1min [Campos et al., 2011].

Detection, Quantification, and Genotyping of
HIV-1

HIV-1 detection and quantification assays were
performed by the viral load laboratory unit, which
provides services to patients seen at the HU-FURG
HIV/AIDS clinic, in association with the Brazilian
Ministry of Health. The Real-Time Abbott HIV-1 in
vitro assay was used in accordance with the manu-
facturer’s protocol.
Genotype information was obtained in two ways:

by use of previously genotyped samples through data
obtained from medical records and tests carried out
in partnership with the Ministry of Health, or data
from previous studies by the same research group
[Silveira et al., 2012]; and, during this study, by
genotyping samples that had not been previously
subtyped (n¼ 53). The latter have been submitted to
the GenBank nucleotide database and assigned acces-
sion numbers KT958939–KT958991.

Fig. 1. Genomic map of HIV-1, providing a schematic overview of the position of the designed
primersfor PCR, and sequencing according to the relative position of the HBX2 clone (GenBank
accession number K03455).
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First, the 1,081 bp polymerase domain region of
HIV-1 reverse transcriptase (RT) (protease [PR],
partial RT) was amplified and sequenced using the
primers DP16 (sense), and K2 (antisense) (Fig. 1). If
subtyping failed, sequencing was then performed
using primers CX1 (sense) and OUT3R (antisense) to
amplify the C-terminal portion of the RT containing
the subdomain connection (CN), and the RNase H
(RH) domain, with approximately 1,061 bp. If the
subtype still could not be obtained, we attempted to
amplify each viral region separately: CN (658bp,
primers CX1 [sense] and POLM4 [antisense]), RH
(469 bp, primers POLM8 [sense] and OUT3R
[antisense]), and PR (339 bp, primers DP16 [sense]
and DP11 [antisense]) (Fig. 1). This method was used
to improve sequencing and obtain the largest possible
number of subtypes. The POL region is often used to
subtype HIV [Nie et al., 2011]. Nevertheless, samples
used in this study were from patients with low viral
loads. Thus, the decision was made to sequence the
C-terminal portion (CN and RH) of the virus, as it is
conserved, and easily amplified and sequenced
[Snoeck et al., 2005]. Figure 1 shows a genomic map
of HIV-1, providing a schematic overview of the
position of the designed primers for PCR, and
sequencing according to the relative position of the
HBX2 clone (GenBank accession number K03455).
PCR products were purified with the GFX PCR DNA
and TM-Gel Band Purification kit (GE Healthcare,
S~ao Paulo, Brazil) and sequenced using the ABI
PRISM 1 BigDyeTM Terminator Cycle Sequencing
Ready Reaction kit (Life Technologies, Foster City,
CA). After precipitation, samples were sequenced on
an ABI 3130xl Genetic Analyzer (Life Technologies).
Chromatograms obtained were manually edited using
the SeqMan program (DNAStar, Madison, WI). Se-
quence alignment was performed using the
CLUSTALW algorithm implemented in the BioEdit
package. Sequences obtained were then converted
into a FASTA format file-consensus for the remaining
analyses. To determine HIV subtypes, sequences in
FASTA format were aligned with representative
sequences of each subtype of HIV-1 (obtained from
the database at Los Alamos National Laboratory;
http://hiv-web.lanl.gov). Aligned sequences were
subjected to phylogenetic analysis using the neigh-
bor-joining method, applying the Kimura
two-parameter model, and 100 bootstrap replicates
using the software MEGA. Samples suspected of
recombination were analyzed using SIMPLOT via
plot similarity analysis and bootscanning.

Statistical Analysis

Data on sociodemographic, behavioral, clinical, and
laboratory variables were analyzed. The chi-square
test was used for comparing categorical variables.
Prevalence ratios, potential risk factors and protec-
tive factors were calculated, and frequency distribu-
tions and percentages were determined. Differences

were considered statistically significant when
P< 0.05. Multivariate analysis with Poisson regres-
sion was also performed, followed by construction of a
hierarchical linear model, which incorporated varia-
bles with P� 0.20 on crude analysis. In the first level,
socioeconomic variables were inserted; in the second
level, behavioral variables were included and in the
third level features of HIV infection were evaluated.
In a second step, statistical analysis was performed
to evaluate the clinical profile of patients with HPgV,
and HIV-1. All analyses were carried out in SPSS for
Windows v.12 and Epi-info v.3.5.2.

RESULTS

Plasma samples were obtained from 347 patients
harboring different HIV-1 subtypes. The prevalence
of HPgV RNA in the samples was 34% (n¼ 118).
Socioeconomic, behavioral, clinical, and laboratory
characteristics are shown in Table I. After bivariate
analysis (Table I), the only sociodemographic variable
significantly associated with HPgV RNA infection
was age. HIV-1-infected patients aged <50 years
were almost twice as likely to be infected with HPgV
(Table I). With respect to behavioral risk factors,
sexual activity as measured by the number of sexual
partners was a risk factor; subjects with sexual
partners were more than twice as likely to be infected
with HPgV as subjects without sexual partners.
Regarding clinical and laboratory variables, 39
(11.2%) patients had CD4þ T-cell counts below
200/mm3, but only seven of those were infected with
HPgV (95%CI 0.25–0.99, P¼ 0.02, Table I). HIV viral
load was undetectable in 244 (70.3%) of the studied
patients, of whom 87 (35.7%) had HIV/HPgV coinfec-
tion (95%CI 0.60–1.18, P¼ 0.31). A time elapsed since
HIV-1 diagnosis �11 years was also a risk factor for
HPgV infection (95%CI 1.01–1.84, P¼ 0.05). HIV-1
subtype was determined in 117 subjects (33.7%)
(Table II). On univariate analysis, patients infected
with HIV-1C were less likely to be infected with
HPgV than those with non-C subtypes (95%CI
1.96–5.27, P< 0.01; Table I).
On multivariate analysis (Table III), the following

variables were identified as independent risk factors
for HPgV infection: age <50 years, number of sexual
partners 6¼ 0, time since HIV diagnosis �11 years,
and non-C HIV subtype. The remaining variables
included in the model had no significant effect.

DISCUSSION

The present study was the first to evaluate the
prevalence of HPgV in HIVþ patients in Southern Brazil,
where a distinct HIV-1 clade (HIV-1C) circulates with
high frequency. The prevalence of active HPgV infection
in coinfected patients was 34% (118). This result was
expected when observing the prevalence of HPgV RNA
in HIV-infected patients in different areas of the world,
which ranges from 16.6% to 88.8% [Heringlake et al.,
1998; Souza et al., 2012; Anggorowati et al., 2013;
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TABLE I. Sociodemographic, Behavioral, Clinical, and Laboratory Profiles of HIV-1-Infected Patients Analyzed in the
Study, Stratified by HPgV Positivity

Variable/category n (%) HPgVþ n (%) Prevalence ratio 95%CI Pa

Age
�51 years 83 (23.9) 18 (15.2) 1.0 0.02
31–50 years 211 (60.8) 81 (68.7) 1.77 1.14–2.76
18–30 years 53 (15.3) 19 (16.1) 1.65 0.96–2.85

Skin color
White 239 (68.9) 81 (68.7) 1.0 0.94
Non-white 108 (31.1) 37 (31.3) 1.01 0.74–1.39

Gender
Female 169 (48.7) 55 (46.6) 1.0 0.57
Male 178 (51.3) 63 (53.4) 1.09 0.81–1.46

Education
�9 years 110 (31.7) 38 (32.2) 1.0 0.62
�4 years 82 (23.6) 31 (26.2) 1.09 0.75–1.60
5–8 years 155 (44.7) 49 (41.6) 0.92 0.65–1.29

Incomeb

>2MW 48 (13.8) 21 (17.8) 1.0 0.26
<1 minimum wage (MW) 225 (64.9) 75 (63.6) 0.76 0.53–1.10
1–2MW 74 (21.3) 22 (18.6) 0.68 0.42–1.09

Injectings drug user
No 301 (86.7) 103 (87.3) 1.0 0.83
Yes 46 (13.3) 15 (12.7) 0.95 0.61–1.49

Inhaled drug user
No 234 (67.4) 73 (61.9) 1.0 0.11
Yes 113 (32.6) 45 (38.1) 1.28 0.95–1.72

Shared syringes or needles
No 278 (80.1) 92 (78) 1.0 0.47
Yes 69 (19.9) 26 (22) 1.14 0.81–1.61

Tattoo
No 225 (64.8) 77 (65.3) 1.0 0.90
Yes 122 (35.2) 41 (34.7) 0.98 0.72–1.34

Blood transfusion
No 260 (74.9) 90 (76.3) 1.0 0.67
Yes 87 (25.1) 28 (23.7) 0.93 0.66–1.32

Men who had sex with men
No 298 (85.9) 104 (34.9) 1.0 0.38
Yes 49 (14.1) 14 (28.6) 0.82 0.51–1.31

Number of sexual partners per year
None 61 (17.6) 10 (8.5) 1.0 <0.01
1–3 partners 246 (70.9) 90 (76.3) 2.23 1.24–4.03

Condom use with regular partner
Yes 223 (72.9) 83 (76.9) 1.0 0.20
No 39 (12.7) 9 (8.3) 0.62 0.34–1.13
Sometimes 44 (14.4) 16 (14.8) 0.98 0.64–1.50

Preservative use with a casual partner
Yes 204 (73.6) 76 (79.2) 1.0 0.25
No 34 (12.3) 8 (8.3) 0.63 0.34–1.19
Sometimes 39 (14.1) 12 (12.5) 0.83 0.50–1.37

STDc in the past year
No 301 (86.7) 99 (83.9) 1.0 0.26
Yes 46 (13.3) 19 (16.1) 1.26 0.86–1.84

Hepatitis
No 280 (80.7) 98 (83) 1.0 0.42
Yes 67 (19.3) 20 (17) 0.85 0.57–1.27

Anti-HCVd

No 317 (91.4) 107 (90.7) 1.0 0.74
Yes 30 (8.6) 11 (9.3) 1.09 0.66–1.78

HbsAge

No 337 (97.1) 116 (98.3) 1.0 0.34
Yes 10 (2.9) 2 (1.7) 0.58 0.17–2.02

On HAARTf

Yes 309 (89) 106 (89.8) 1.0 0.73
No 38 (11) 12 (10.2) 0.92 0.56–1.51

Years since diagnosis of HIV-1 infection
�10 years 252 (72.6) 78 (66.1) 1.0 0.05
�11 years 95 (27.4) 40 (33.9) 1.36 1.01–1.84
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Lee et al., 2014; Sahni et al., 2014]. Other Brazilian
studies found a similar prevalence of HPgV RNA in
HIV-1-positive patients, estimated between 21% and 30%
[Alcalde et al., 2010; Campos et al., 2011; Giret et al.,
2011; Souza et al., 2012], but Southern Brazil may have
slightly higher rates of coinfection when compared to the
rest of the country.
Of the sociodemographic variables of interest, age

between 18–30 and 31–50 years were the only ones to
reach statistical significance. Patients aged 18–30
were almost eight times more likely to be coinfected,
and those aged 31–50 years were almost six times
more likely to have such infection when compared to
those aged >50 years. The present study suggests that
the risk of HPgV infection declines as age advances,
unlike in study performed by Ribeiro-dos-Santos et al.
[2002], where advancing age was shown to be a risk
factor for HPgV infection. Younger people are gener-
ally more sexually active, which can increase the odds
of HPgV infection. Sexual activity tends to decrease
with age, thereby decreasing the risk of infection
[Barbosa and Koyama, 2005]. Viral clearance must
also be considered, because it likely decreases the
frequency of active HPgV infection in previously
infected individuals aged >50, an estimate we were
unable to perform in the present study.
It should be noted that 32.6% of injecting drug users,

39.8% of inhalant users, 37.7% of participants who had

ever shared hypodermic needles, 33.6% of those with
tattoos, and 32.2% of those who had ever received
blood transfusion were coinfected with HPgV/HIV
RNA. Despite this factor, the parenteral route of
transmission was not significantly associated as a risk
factor for HPgV infection in this study. Although the
parenteral route is the one most documented in the
literature and is considered very effective, mainly
through blood and blood products [Abe, 2001], sexual
transmission of HPgV is also well documented
[Ramezani et al., 2008]. In a study carried out in S~ao
Paulo, sexual transmission of HPgV was found to be
very efficient [Ribeiro-dos-Santos et al., 2002]. The
virus was more prevalent in sexually active individu-
als, especially those engaging in high-risk sexual
practices, such as men who have sex with men
[Ribeiro-dos-Santos et al., 2002].
CD4þ T cell counts lost statistical significance after

the adjusted analysis, but it should be stressed that
94% of participants with HPgV/HIV-1 coinfection had
values >200 cells/mm3. Likewise for the variable
HIV-1viral load, even though 73.7% of coinfected
individuals had undetectable HIV viral loads, there
was no significant association. These findings are
similar to those observed a Brazilian cohort of 233
homosexual men with recent HIV infection in which
there was no significant difference in age, sex, HIV
viral load, or CD4þ T cell count [Giret et al., 2011].

TABLE I. (Continued)

Variable/category n (%) HPgVþ n (%) Prevalence ratio 95%CI Pa

CD4þ cell count (cells/mm3)
>200 308 (88.8) 111 (94) (36) 1.0 0.02
�200 39 (11.2) 7 (6) (17.9) 0.50 0.25–0.99

HIV load copies/ml
Undetectable 244 (70.3) 87 (73.7) 1.0 0.31
>50 copies/ml 103 (29.7) 31 (26.3) 0.84 0.60–1.18

HIV-1 subtype
C 68 (58.1) 14(20.6) (19.1) 1.0 <0.01
Non-C 49 (41.9) 24(49) 3.22 1.96–5.27

aChi-square test.
bMW at the time of the study: approximately US$ 300.00.
cSexually transmitted disease.
dAs positivity for antibodies against the hepatitis C virus.
eAs marker of active hepatitis B virus infection.
fAntiretroviral therapy.

TABLE II. Results of HIV-1 Genotyping

Study
HIV B n

(%)
HPgVþ
n (%)

HIV C n
(%)

HPgVþ
n (%)

HIV F
n (%)

HPgVþ
n(%)

HIV
CRFa n
(%)

HPgVþ
n(%)

Totalb n
(117) (%)

This study [2016] 12 (10.3) 6 (50) 34 (29) 8 (25.5) 0 (0) 0 (0) 7 (6) 3 (42.8) 53 (45.3)
Silveira et al. [2012] 8 (6.8) 5 (62.5) 25 (21.3) 2 (8) 6 (5.1) 2 (33.3) 3 (2.6) 2 (40) 42 (35.9)
Network of the Brazilian

Ministry of Health
7 (6) 4 (57.1) 9 (7.8) 4 (44.4) 1 (0.9) 0 (0) 5 (4.3) 2 (40) 22 (18.8)

Total 27 (23.1) 15 (55.5) 68 (58.1) 14 (20.6) 7 (6) 2 (28.6) 15 (12.8) 7 (46.6) 117 (100)

aCirculating recombinant forms include strains consisting of more than one subtype reached an epidemic spreading [Robertson et al., 2000].
bTotal of samples HIV-1 in the study with known genotype.
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In another cohort in Brazil, with 248 HIVþ women,
the prevalence of HPgV/HIV-1 RNA coinfection was
23%, and there was no significant difference in HIV
viral load or CD4þ cell count between groups exposed
and not exposed to HPgV [Campos et al., 2011].
In this study, the majority of individuals coinfected

with HPgV/HIV-1 had lived with HIV for more than 11
years. Coinfection was associated with increased sur-
vival in HIV-1-positive patients. Similar results were
found in a study of 271 HIVþpatients who were
evaluated from seroconversion for a period of 11 years
[Williams et al., 2004], in which active HPgV infection
was found to lead to greater survival. Another study
evaluated a cohort of 197 patients with HIV/AIDS
under highly active antiretroviral therapy (HAART)
and found that HPgV RNA-positive patients had lower
HIV viral load, slower disease progression, improve-
ment in survival, and increased CD4þ T-cell counts
compared to HPgV-uninfected patients [Tillmann
et al., 2001]. Coinfection has been associated with
reduced mortality rates in HIVþ patients even after
introduction of HAART [Tillmann et al., 2001]. Our
data are consistent with these findings, but additional
studies are needed to evaluate whether there are other
confounders or unstudied factors involved, as some
reports have failed to show slower progression of HIV
infection in coinfected individuals [Quiros-Roldan
et al., 2002; Kaye et al., 2005].
Despite several studies assessing the genotypic

diversity of HPgV in HIV/HPgV coinfection

[Nishiya et al., 2003; Schwarze-Zander et al., 2006;
Xiang et al., 2012; Timmons et al., 2013], there is
little information correlating HIV genotypic diversity
in such coinfection. In a study of 210 HIVþ patients
in S~ao Paulo, Brazil, circulation of HIV-1C was very
low (0.5%), and only 1.8% of HIV/HPgV-coinfected
individuals carried the HIV-1C subtype [Alcalde
et al., 2010]. Conversely, in the population assessed
herein, we found high rates of HIV-1C circulation,
and a significant association between HIV-1 non-C
subtypes and HPgV infection. Unlike in other regions
of Brazil, where the predominant HIV-1 subtype is B,
incidence of HIV-1C is increasing in Southern Brazil
[Martinez et al., 2002; Silveira et al., 2012]. Whether
HIV-1C-infected subjects are less prone to contracting
HPgV cannot be stated based on current data; as this
was a cross-sectional study of prevalence, we were
unable to identify which infection (HIV or HPgV)
occurred first.
In conclusion, younger individuals with more sex-

ual partners were more susceptible to HPgV infection
in our study. HIV/HPgV coinfection was associated
with longer survival and higher CD4þ T-cell counts
among HIVþ patients. In a novel finding, individuals
infected with non-C HIV subtypes were more suscep-
tible to HPgV infection. However, additional studies
are needed to ascertain whether specific HIV-1
subtypes correlate with HPgV infection, and to eluci-
date the cellular and molecular pathways that under-
lie these potential associations.
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