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Summary: We estimated the prevalence of hepatitis C (HCV) infection and associated risk factors in 750 individuals attending

the Voluntary Counseling and Testing Center of Rio Grande (VCT/RG), in Southern Brazil, and identified viral genotypes. Demographic

data and risk factors for HCV transmission were also collected and analysed. Anti-HCV antibody-positive individuals were tested for

HCV-RNA and genotyped by sequencing the 50 untranslated region of the viral genome. Prevalence estimates of anti-HCV and HCV-

RNA were 6% and 5.5%, respectively. We identified genotypes 1 (67%), 2 (2%) and 3 (31%); the latter was more prevalent than in

other regions of Brazil. Anti-HCV prevalence in VCT/RG users was similar to previous reports. Age, previous blood transfusion, sexual

orientation and injecting drug use were independent predictors of HCV infection. The presence of multiple risk factors was also

associated with a higher risk for HCV infection. HCV genotype was not associated with any variable analysed in this study.
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INTRODUCTION

Infection with hepatitis C virus (HCV) accounts for a high pro-
portion of chronic liver disease throughout the world1 and is
recognized as the leading cause of liver transplantation.2

HCV infection is mostly asymptomatic, although as many as
85% of infected individuals fail to clear the virus and become
chronic carriers, with a high risk of progression to cirrhosis
and hepatocellular carcinoma.3 There are many recognized
risk factors for HCV acquisition; it is spread mainly by direct
contact with contaminated human blood in high-risk groups,
including injecting drug users (IDU), recipients of unscreened
blood, haemophiliacs, patients undergoing dialysis and indi-
viduals with multiple sex partners engaging in unprotected
sex. HCV prevalence varies among different regions of the
world or among different risk groups. The World Health
Organization has reported a global estimate of 170 million indi-
viduals chronically infected with HCV, with three to four
million people newly infected every year.4 The epidemiology
of HCV infection in Latin American countries has not been
fully understood. The population prevalence of HCV in Brazil
has not been well established, but several localized studies
suggest that 0.5–3.6% of the population is infected.5 – 7

HCV variants display considerable sequence divergence and
are classified into six major genotypes (1–6), with several sub-
types.8 HCV genotypes show different geographic distributions
worldwide, with genotypes 1, 2 and 3 being responsible for
more than 90% of infections in North and South America,
Europe and Japan.9 Determination of HCV genotype prior to
treatment is indicated as it provides valuable data for prognosis
and follow-up of infected patients. Accurate HCV genotyping is
also important for predicting sustained response to antiviral
therapy because patients infected with genotypes 1 and 4 are
less likely to respond to interferon-ribavirin treatment than
patients with genotypes 2 and 3.10 Furthermore, identification
of HCV genotypes, subtypes and isolates constitutes an essen-
tial tool for understanding viral evolution and epidemiology.8

Nucleic acid sequencing and phylogenetic analysis of the 50

untranslated region (50UTR) of the HCV genome is the gold
standard method for genotyping.11

Serological tests for viral and other infectious diseases in
Brazil are carried out in voluntary counselling and testing
(VCT) centres, with screening for anti-HIV, syphilis, HCV and
hepatitis B (HBV) antibodies offered by the public health
system within counselling and orientation programmes. The
city of Rio Grande, in the state of Rio Grande do Sul (southern
Brazil), comprises a harbour, a seaside resort and a university
and has a shifting population with high rates of drug addiction
and prostitution. In this study, we report the prevalence of
HCV and risk factors for acquiring infection in individuals
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attending the VCT Center of Rio Grande (VCT/RG).
Additionally, we determined HCV genotypes by sequence
analysis of the viral 50UTR.

METHODS

Subjects and samples

This study included VCT/RG users tested for anti-HCV
between March and August 2007. Eligibility criteria included
age over 17 years and agreement to answer a standardized
questionnaire based on the one developed by Metzger et al.12

and later adapted to the Brazilian Portuguese language by
Pechansky et al.13 It contains variables on sociodemographic
characteristics as well as questions on risk behaviours and prac-
tices relevant to sexually transmitted infections (STIs) including
HCV. Participation in the study was voluntary and confidenti-
ality was guaranteed.

Informed consent was obtained from a total of 750 individ-
uals and these participants were interviewed. Venous blood
samples were collected into ethylenediaminetetraacetic acid
tubes and HCV serology was carried out by enzyme immu-
noassay (EIA) at the VCT laboratory. Plasma was aliquoted
and sent to the Laboratory of Molecular Biology of the
Fundação Universidade Federal de Rio Grande (FURG) and
stored at 2708C. EIA-positive samples (n ¼ 45) were thawed
and analysed for HCV-RNA. Finally, HCV-RNA-positive
samples were sent to the Division of Genetics of the Instituto
Nacional de Câncer for sequencing. This project was approved
by the FURG Ethics Committee under number 5744/6.13.

Viral RNA extraction, reverse transcriptase
polymerase chain reaction and DNA sequencing

Viral RNA was extracted from 140 mL of plasma with the
QIAampw Viral RNA extraction kit (Qiagen, Chatsworth,
CA, USA) and precipitated with 100% isopropanol, Dextran
T500w (1 mg/mL) and 70% ethanol at 2208C. Viral RNA
was resuspended in a final volume of 10 mL of
diethylpyrocarbonate-treated water with 300 ng of random
primers (Invitrogen, Carlsbad, CA, USA) and incubated for
ten minutes at 708C. Reverse transcription was carried out
with 200 U of Moloney Murine Leukemia Virus reverse
transcriptase (M-MLV RT; Invitrogen), 0.1 mol/L DTT, 25 U
of RNaseOUTw (Invitrogen) and 0.5 mmol/L of each dideoxy-
nucleotide for 90 minutes at 378C.

Nested polymerase chain reaction (PCR) assays were per-
formed with primers PTC1 (5’-CGTTAGTATGAGTGTCG
TGC-30) and NCR2 (50-ATACTCGAGGTGCACGGTCTACGA
GACCT-30) in the first round, and with PTC3 (50-GTGTCGTG
CAGCCTCCAGG-30) and NCR4 (50-CACTCTCGAGCACCC
TATCAGGCAGT-30) in the second round, as previously
described for reactions and cycling conditions.14 PCR products
of approximately 225 bp were further purified with IllustraTM

GFXTM PCR DNA and Gel Band Purification (GE HealthCare,
São Paulo, Brazil), and subsequently labelled with the ABI
Prismw BigDyeTM Terminator Cycle Sequencing Ready
Reaction kit (Applied Biosystems, Foster City, CA, USA)
according to the manufacturer’s instructions. Primers used in
sequencing reactions were the same as in the second PCR
round. Samples were run in an ABI PRISMw 377 automated
DNA Sequencer (Applied Biosystems).

Sequence data were assembled and edited manually with
SeqMan and EditSeq programs of the DNAStar Package
(LaserGene Inc, Madison, WI, USA). Consensus sequences
were aligned and compared with representative sequences of
HCV genotypes retrieved from GenBank. HCV genotypes
were assigned with the BioEdit Sequence Alignment Editor.15

HCV genotype and subtypes were also analysed by BLAST
and the NCBI HCV genotyping tool. All HCV sequences
were deposited in GenBank (accession numbers pending).

Statistical analyses

We estimated the mean and standard deviation of continuous
variables and the proportion of categorical variables. HCV
prevalence and 95% confidence intervals (CIs) were estimated.
Bivariate analysis was performed by calculating the prevalence
ratios and CIs of several factors and outcomes. In order to
adjust for potential confounders, a multivariate analysis was
performed using Poisson regression and prevalence ratios
(PRs). This model was constructed with all factors studied
herein using a hierarchical model with two levels.16 In the
first, more distal level we included the sociodemographic
factors, and in the second more proximal level the risk factors
associated with HCV transmission. Variables with P � 0.05
were retained for analysis in the next level and adjusted accord-
ing to risk factors. A Wald test was performed to analyse signifi-
cant associations. A linear trend test was performed with
ordinal variables. For categorical variables without order, a
Wald heterogeneity test was carried out. In all statistical ana-
lyses, P � 0.05 was adopted in a double/two-tailed test.
Bivariate associations between HCV genotype and sociodemo-
graphic and behavioural variables were also investigated in the
HCV-positive group. Genotype 2 was excluded from this analy-
sis because this group consisted of only one patient. Statistical
analyses included calculation of the 95% CI of genotypes 1
and 3, as well as a x2 test for evaluating differences between
genotype and variables. Analysis of age was carried out
with the Student’s t-test for unequal variances. Estimates of
P � 0.05 in a two-tailed test were considered significant. All
analyses were performed in Stata v.9.2.17

RESULTS

The sample of 750 individuals comprised 56.4% women and
the mean age was 35.7 years. With respect to education, 13%
were illiterate and 44.6% had not completed secondary edu-
cation. Sociodemographic characteristics of participants are
shown in Table 1. Most of those interviewed reported at least
one potential risk factor for HCV transmission.

Indeterminate serological results were found in 1.5% of indi-
viduals who were also HCV-RNA negative. Anti-HCV EIA
revealed that 45 (6%; 95% CI ¼ 4.3–7.7%) were repeatedly reac-
tive (Table 1), prevalence being slightly higher in men (6.7%)
than in women (5.4%). We found 23% of anti-HCV-positive
participants to also be anti-hepatitis B core (HBc) EIA reactive,
indicating previous infection with HBV, and 2% were
HCV-HIV co-infected. The mean age of HCV-positive partici-
pants was 48.5 years (95% CI ¼ 44.1–52.9), which was signifi-
cantly higher than the mean age of HCV-negative individuals
(P ¼ 0.001). Detection of HCV-RNA in plasma confirmed infec-
tion in 42 (93%) individuals, giving an active HCV prevalence
of 5.5% (95% CI ¼ 3.9–7.3).
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Table 2 shows the crude and adjusted PRs for HCV infection
according to sociodemographic characteristics. Multivariate
analysis revealed a PR for blood transfusion of 2.09 (P ¼
0.03); participants reporting homo/bisexual relationships
showed a higher PR (2.17; P ¼ 0.04) than heterosexuals; and
the PR for IDU was 3.6 (P ¼ 0.006). Increasing age was also
correlated with HCV acquisition (P ¼ 0.001).

The majority of individuals (59.1%) reported exposure to one
or to none of the risk factors, while approximately 5% reported
exposure to four risk factors. Multivariate analysis indicated
that the relative risk of HCV infection increased with the
number of risk factors (P ¼ 0.007; Table 3).

HCV genotyping was carried out in 39 (87%) of the
HCV-RNA-positive individuals, with genotypes 1 (26/39;
67%), 2 (1/39; 2%) and 3 (12/39; 31%) identified. Among geno-
type 1 isolates, 7 were assigned to subtype 1a, 16 to subtype 1b

and 3 to subtype 1c. The genotype 2 isolate belonged to subtype
2b, while all 12 genotype 3 isolates were of subtype 3a.

The association of characteristics of HCV-positive individuals
with the HCV genotypes was tested excluding genotype 2 (n ¼
1). Bivariate analyses did not show a statistical association
among HCV genotypes and sociodemographic characteristics
(data not shown). The mean age was similar in participants
with genotypes 1 and 3. The association between HCV geno-
type and number of risk factors for HCV transmission was
not significant (P ¼ 0.4; data not shown).

DISCUSSION

This study included individuals tested for anti-HCV antibodies
at VCT/RG, the only public centre in the city of Rio Grande per-
forming serological screening for STIs and HCV. According to a
previous study, approximately 60% of VCT/RG attendees were
women, with a mean age of 31 years and whose educational
status varied from incomplete primary education (30.1%) to
incomplete secondary education (45.7%).18 Our study
confirmed these estimates.

Possible limitations of this study include the potential under-
estimation of self-reported risk factors for HCV infection by
interviewees, due to the stigmatization of certain risk beha-
viours and the illicit nature of drug use. Another important
limitation relates to the generalization of data presented
herein. The current study was performed at a voluntary
testing centre, and therefore its conclusions can only be
extended to similar settings and not to the general population.
Finally, due to the study’s cross-sectional design, no causal
inference can be established.

Bearing in mind these limitations, we found an anti-HCV
prevalence rate of 6% with an HCV-RNA prevalence of 5.5%.
There are few published surveys on the prevalence of HCV
infection in Brazil, as cases are not always reported to health
authorities. The vast majority of data has been provided from
analysis of specific populations or from risk groups with
specific behaviours. Data from blood banks indicate that HCV
infection varies among different Brazilian regions, 0.62% in
the North, 0.55% in the Northeast, 0.28% in the Center-West,
0.43% in the Southeast and 0.46% in the South,19 but few
studies of VCT users have been reported. The HCV prevalence
found in this study was similar to an earlier report carried out
in VCT/RG (8.6%)20 and to another study of VCT users from
Fortaleza, in the State of Ceará (6.3%).21 The higher anti-HCV
prevalence of VCT attendees might result from heightened
risk awareness or medical indication.

It is important to emphasize that several risk factors predis-
pose to HCV infection, and that multiple risk factors may
be present in an individual.22 In our study, the risk for HCV infec-
tion increased significantly with the number of reported risk
factors, probably because individuals at risk had been exposed
repetitively over a long period time. Our study revealed that
approximately 23% of anti-HCV-positive participants had evi-
dence of previous infection with HBV, underlining common
transmission risks for both infections, although previous VCT/
RG data have shown that HBsAg prevalence is only 0.56%.20

The low anti-HBc prevalence seen in our study is probably
accounted for by the low prevalence of HBV infection in southern
Brazil, contrary to the higher rates in the North and Northeast.19

In this study, age, blood transfusion, drug injection and
sexual orientation were significantly associated with HCV

Table 1 Sociodemographic profile of participants seen at
VCT/RG

Characteristic N (750) Percentage

HCV

Positive 45 6.0

Negative 705 94.0

Gender

Female 423 56.4

Male 327 43.6

Years of education

,4 97 12.9

4–7 231 30.8

8–11 338 45.1

�12 84 11.2

Blood transfusion

Yes 65 8.7

No 685 91.3

Previous surgery

Yes 274 36.5

No 476 63.5

Tattoos and/or piercing

Yes 183 24.4

No 567 75.6

Cocaine inhalation

Yes 119 15.9

No 631 84.1

Sexual orientation

Homo/bisexual 55 7.3

Heterosexual 695 92.7

Number of sexual partners�
�1 443 59.1

2 160 21.3

�3 147 19.6

Injecting drug use

Yes 29 3.9

No 721 96.1

Needle/syringe sharing

Yes 17 2.3

No 733 97.7

Previous STIs

Yes 58 7.7

No 692 92.3

Anti-HBc

Positive 11 1.5

Negative 749 98.5

Anti-HIV

Positive 3 0.4

Negative 747 99.6

VCT/RG ¼ Voluntary Counseling and Testing Center of Rio Grande; HCV¼

hepatitis C virus; STI ¼ sexually transmitted infection; HBc ¼ hepatitis B core
�In the last year
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infection, the majority of VCT/RG users being represented by
young adults and women. According to a previous study,
6.5% of VCT/RG users exhibited an HIV-associated risk behav-
iour (injecting drug use, sex work, etc.), while 12.5% had
between five and 50 sexual partners/year.18

Several geographic and ethnic differences in the patterns of
HCV infection, as well as temporal differences, have been

reported.23 Studies conducted in the USA showed that most
infections occurred in adults of 30–50 years of age.24

Conversely, the age-specific prevalence of HCV infection
increased steadily with age in Turkey, Spain and Japan.23 The
mean age of the anti-HCV-positive individuals studied herein
(48.5 years) was coincident with a previous report indicating
an age-specific prevalence between 30 and 60 years in
Brazil.25 Some risk factors and demographic characteristics
might be interrelated, as is the case of individuals exposed to
blood transfusions who are generally older than those
exposed to injected drugs and unprotected sex.19

Several risk factors related to behavioural and cultural issues
are involved in HCV infection apart from blood transfusions
carried out before 1992.26 These include sharing needles and
syringes among IDU, exposure to multiple sex partners, tattoo-
ing and piercings, HIV-positive individuals, haemodialysis
patients, haemophiliacs and prison inmates. Injecting drug
use has been the predominant mode of transmission in many
developed countries.27,28 In Brazil, studies showed that HCV
prevalence rate among IDU ranged from 53% to 84%,29,30

although a recent report showed a drastic decline in the city
of Rio de Janeiro,31 probably resulting from behavioural

Table 2 Crude (cPR) and adjusted (aPR) prevalence ratios for HCV infection according to sociodemographic characteristics
(n ¼ 45)

Variable Prevalence cPR 95% CI P aPR 95% CI P�

Age (years)
†

– 1.05 1.03–1.06 0.001 1.05 – 0.001

Gender

Female 5.44 1.23 0.70–2.18 0.5 1.29 0.72–2.28 0.3

Male 6.73 1.00 – – 1.00 – –

Years of education

,4 10.31 1.00 – 0.03
‡

1.00 – 0.9
§

4–7 6.93 0.67 0.32–1.43 – 1.05 0.48–2.27 –

8–11 4.82 0.48 0.22–0.99 – 0.97 0.40–2.32 –

�12 3.57 0.35 0.98–1.22 – 0.91 0.25–3.43 –

Blood transfusion
†

Yes 17.20 3.56 1.89–6.70 0.001 2.09 1.06–4.11 0.3

No 4.88 1.00 – – 1.00 – –

Surgery events

Yes 8.03 1.71 0.96–3.03 0.06 1.07 0.60–1.95 0.8

No 4.69 1.00 – – 1.00 – –

Tattoos and/or piercing

Yes 4.37 0.68 0.32–1.43 0.3 0.68 0.29–1.57 0.3

No 6.43 1.00 – – 1.00 – –

Cocaine inhalation

Yes 8.40 1.54 0.79–3.05 0.2 2.08 0.86–5.06 0.1

No 5.42 1.00 – – 1.00 – –

Sexual orientation
†

Homo/bisexual 12.73 2.39 1.12–5.10 0.02 2.17 1.01–4.64 0.04

Heterosexual 5.33 1.00 – – – – –

No. of sexual partners in last year
†

�2 – 1.00 – – 1.00 – –

�3 – 0.99 0.55–1.77 0.9 1.06 0.82–1.38 0.6

Injecting drug use
†

Yes 17.30 3.17 1.35–7.45 0.008 3.60 1.44–9.00 0.006

No 5.40 1.00 – – 1.00 – –

Needle/syringe sharing

Yes 17.65 3.14 1.07–9.15 0.03 1.81 0.71–4.57 0.2

No 5.64 1.00 – – – – –

STDs

Yes 8.62 1.44 0.61–3.38 0.4 1.5 0.68–3.39 0.3

No 5.69 1.00 – – – – –

HCV ¼ hepatitis C virus; STD ¼ sexually transmitted disease
�Wald test
†
Final model

‡
Linear trend test

§
Heterogeneity test

Table 3 Crude (cPR) and adjusted (aPR) prevalence ratios
for HCV infection according to the number of risk factors for
HCV� (n ¼ 750)

cPR 95% CI P aPR 95% CI P

No. of risk factors

1 1.00 – – 1.00 – –

2 2.65 1.33–5.24 0.005 2.73 1.37–5.44 0.004

3 2.93 01.32–6.49 0.008 3.61 1.64–7.94 0.001

4 2.72 0.83–8.91 0.09 3.71 1.24–11.11 0.01

5 5.80 0.93–35.92 0.05 7.92 1.78–35.24 0.007

HCV ¼ hepatitis C virus
�Adjusted for age, sex and education level
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changes in recent years. The anti-HCV prevalence among
VCT users who reported to be IDU (17.3%) was similar to
this latest report, but this estimate might be higher in an IDU
population.

HCV infection has also been associated with other types of
exposures such as cocaine inhalation and blood contact result-
ing from frequent razor sharing.22 Although sexual practices
appear to play a minor role in HCV transmission, an association
between HCV infection and sexual orientation (homo/bisexual)
was observed in the VCT/RG group. This was probably
because a large number of homosexuals and bisexuals had mul-
tiple sexual partners, being more frequently exposed to STIs,32

with a high risk of acquiring and transmitting HCV sexually.
Another aspect that may contribute to HCV transmission in
these populations is anal sex, which favours HIV and other
STI transmission by blood contact during sexual intercourse.33

Serological and virological tests are essential for diagnosing
and managing HCV infection, particularly when selecting treat-
ment and assessing virological response to antiviral therapy.34

Different markers can be detected: anti-HCV by EIAs and
HCV-RNA by molecular testing, crucial when diagnosing
acute and chronic hepatitis C.10 The presence of HCV-RNA in
the absence of anti-HCV antibodies is strongly indicative of
acute HCV infection, eventually confirmed by anti-HCV sero-
conversion. Chronic hepatitis C is defined when both
anti-HCV antibodies and HCV-RNA are present.10,34 Some par-
ticipants in this study, with positive anti-HCV and negative
HCV–RNA, should be tested on a second occasion since
HCV-RNA can be temporarily undetectable due to a transient
and partial control of viraemia before chronic infection is estab-
lished.35 The presence of anti-HCV and absence of HCV-RNA
is generally observed in individuals who have recovered from
a past HCV infection, but this cannot be distinguished from a
false-positive EIA result, the exact prevalence of which is
unknown.34

Clinical laboratories usually perform HCV genotyping in
view of its relevance for predicting response to treatment.36

The 50UTR has been used historically as a target for viral geno-
typing, being one of the best characterized viral genomic
regions, and for which there are several commercially available
test kits.37 Although 50UTR is sufficiently variable for identify-
ing HCV genotypes, it cannot always accurately characterize
HCV subtypes,36 – 39 although subtyping is apparently irrele-
vant to clinical outcome.11 The genotype distribution was
similar to those shown previously in Brazil, with a preponder-
ance of genotypes 1 and 3.14,40 Several studies have reported
that genotype 3 has a higher prevalence in the South of
Brazil, showing that it is common in this region.14,41

In summary, this study showed that HCV prevalence in
VCT/RG attendees was similar to those reported in previous
studies and that the presence of multiple risk factors was associ-
ated with increased HCV infection. With respect to molecular
diagnosis, HCV 50UTR was useful for HCV genotyping.
These data are valuable to public health and should contribute
to the general HCV molecular epidemiology in Brazil and other
countries of South America with which the state of Rio Grande
do Sul shares borders and intense commercial relations.
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