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Abstract

Introduction

We determined the risk factors for HCV infection
in blood donors in the State of Pará, Northern
Brazil. We examined 256 blood donors seen at the
Blood Bank of Pará State between 2004 and 2006.
They were divided into two groups, depending on
whether they were infected with HCV or not; 116
donors were infected with HCV, while the other
140 were free of infection. The HCV-RNA was detected by real-time PCR. All of the participants
filled out a questionnaire about possible risk factors. The data were evaluated using simple and
multiple logistic regressions. The main risk factors for HCV were found to be use of needles and
syringes sterilized at home (OR = 4.55), invasive
dental treatment (OR = 3.08), shared use of razors
at home (OR = 1.99), sharing of disposable razors
in barbershops, beauty salons, etc. (OR = 2.34),
and sharing manicure and pedicure material
(OR = 3.45). Local and regional health authorities
should educate the public about sharing perforating and cutting materials at home, in barber/
beauty shops, and in dental clinics as risk factors
for HCV infection.

Hepatitis C virus (HCV) is a major cause of acute
and chronic hepatitis, cirrhosis, and hepatocellular carcinoma. It is estimated that 2% of the
world population (approximately 123 million
people) is infected with HCV; most cases are asymptomatic and the victims are unaware that
they have a viral infection 1,2. HCV infection is a
pandemic. Seroprevalence for HCV varies from
less than 2% in some countries, such as Germany, India, France, and the United States, to high
rates in countries and regions in Africa, Asia,
and Europe, such as the Chinese province Hubei (30.13%), Mongolia (31.86%), and in Egypt
(28%) 1,3. In South America, Brazil is estimated
to have the highest HCV seroprevalence (1.6%),
which varies across different geographical regions 4. Northern Brazil has the highest HCV seroprevalence (2.12%), with a high frequency of
genotype 1 4,5,6. The various genotypes of HCV
differ in their susceptibility to antiviral therapy,
and evidence suggests a variation in clinical consequences, with patients with genotype 1 having
the poorest prognosis 7,8. Epidemiological studies in the population of Brazilian blood donors
have found similar results, with reported prevalences of anti-HCV from 0.38% to 2.6% and significant frequencies of genotype 1 6,9,10,11.
HCV is primarily transmitted via parenteral routes. Blood transfusions without previous
testing for HCV, and the reuse and the sharing
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of gloves, syringes, and other material that can
become contaminated with blood in hospitals,
clinics, emergency rooms, and doctors’ offices
are the most commonly documented routes of
parenteral transmission of HCV 12,13,14. There
are also other forms of transmission associated with parenteral procedures when contaminated equipment is used, such as intrafamilial
transmission through sharing of razor blades or
other perforating/cutting instruments 12,15,16,17.
Transmission of HCV through sexual and perinatal routes has been reported, although both
are relatively inefficient, except when HCV is associated with other microorganisms such as HIV
and HBV 18,19.
After HCV screening tests were added to the
routine protocols of blood centers, and blood
donors were screened clinically and epidemiologically based on knowledge of HCV transmission, the rate of post-transfusion hepatitis was
significantly reduced 1,13,14. However, some cases
of post-transfusion hepatitis C continue to be reported, because of the 4-20-week immunological
window of HCV 20. Currently, the groups at risk of
HCV infection are associated with frequent or inadequate parenteral procedures, such as: sharing
syringes among drug users, sharing hemodialysis
tubing and filters among patients with chronic
kidney disease, multiple blood/hemoderivative
transfusion in patients with chronic blood diseases, etc. Even with current knowledge of the
various forms of HCV transmission, about 30% of
cases are of unknown origin 13,14.
In northern Brazil, there have been very few
epidemiological studies of HCV infection 5. In the
State of Pará, the prevalence of anti-HCV ranges from 0.22% to 3.6%, and it is predominantly
found in individuals over 50 years old 21,22. Based
on the scarcity of epidemiological information,
we decided to determine the risk factors associated with transmission of HCV infection in blood
donors in the State of Pará.

Material and methods
Selection of blood donors
This case-control epidemiological study was
composed of HCV-infected and uninfected
voluntary blood donors seen at the Fundação
Centro de Hematologia e Hemoterapia do Pará
(HEMOPA), northern Brazil. The blood donors
were selected during routine blood collection at
nine hematology and hemotherapy units and in
blood-donation campaigns held in public and
private institutions in Pará from January 1, 2004December 31, 2006 22. As is mandated by Brazil-

Cad. Saúde Pública, Rio de Janeiro, 26(4):837-844, abr, 2010

ian law 23, all blood donations obtained at the
HEMOPA were voluntary, anonymous, altruistic,
and unremunerated, either directly or indirectly.
Screening for HCV infection
Plasma samples from all of the blood donors
were screened for anti-HCV antibodies, using
the Murex anti-HCV version 4.0 (Murex Biotech
S.A., Kyalami, South Africa). Confirmation tests
were done using real-time PCR (ABI Prism 7000,
Applied Biosystems, Foster City, U.S.A.). The viral
RNA was extracted using the QIAmp Viral RNA
Mini Kit (Qiagen). Molecular diagnosis was accomplished by detecting the nucleotide fragment
(67 bp) of 5’ UTR with the TaqMan EZ RT-PCR
Core Reagents kit (Applied Biosystems), according to the manufacturer’s instructions, adding the
primers (5’fi3’: CGCTCAATGCCTGGAGATTT and
TTTCGCGACCCAACACTACTC) and the probe
(5’fi 3’:FAM-TGCCCCCGCAAGACTGCTAGCTAMRA). The amplification conditions were:
1 cycle: 50oC/2 min, 60oC/30 min, and 95oC/5
min; 50 cycles: 94oC/20 s and 60oC/1 min. Nucleic acid tests (NAT) directly detect the presence
of HCV RNA, using a combination of amplification and detection techniques. In general, NAT
are quite sensitive and specific. HCV RNA can be
detected one to three weeks after infection, approximately one month before the appearance
of antibodies 24,25.
Risk factors
The participants completed a questionnaire
about possible risk factors for infection with HCV.
This questionnaire included questions about age,
use of home-sterilized needles and syringes, use
of illicit drugs, blood transfusion before or after
1993, surgery before or after 1993, use of condoms during sexual intercourse, more than five
sex partners during the previous year, invasive
dental treatment (root canal and surgical tartar
removal), shared use of razors at home, shared
use of disposable razors in public places (beauty
salons, barber shops, etc.), and shared use of instruments for manicures and pedicures.
Statistical analysis
Each possible risk factor for HCV infection (as
diagnosed by molecular analysis) was analyzed
separately, by simple logistic regression. All the
potential risk factors with probabilities of p ≤ 0.2
were examined and included in the final model
of HCV transmission using backward stepwise
multiple logistic regression. A multiple logistic
regression was then run to determine the asso-
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ciation of each risk factor with HCV infection, as
diagnosed by molecular analysis. Various possible types of interactions were evaluated in order
to determine how they might improve the final
model 26. The fit of the final model was assessed
using the Hosmer-Lemeshow goodness-of-fit
test 27. Finally, the risk factors listed by multiple
logistic regression were quantified and evaluated
by the chi-square test, with expected equal proportions as the criterion to distinguish between
infected and uninfected groups. All statistical
analyses were carried out in duplicate with the
programs BioEstat version 5.0 (Sociedade Civil
Mamirauá, Manaus, Brazil) 28 and PASW Statistic
version 18.0 (SPSS Inc., Chicago, U.S.A.); except
that the Hosmer-Lemeshow test was performed
only by PASW Statistic.
Ethics
This study was approved by the Research Ethics Committee of the Tropical Medicine Center
at the Federal University of Pará, Brazil. All the
blood donors were informed about the objectives
of the research and gave their written informed
consent to participate in this study.

Results
From 2004-2006, the HEMOPA attended 242,726
voluntary blood donors in the State of Pará. HCV
RNA was detected in 304 of these donors (antiHCV antibody-positive or indeterminate). All of
the 304 infected donors were invited to participate in this study, and 116 agreed to participate 22.
In addition, we invited 304 uninfected blood
donors (anti-HCV antibody-negative and HCV
RNA-negative), randomly selected from 241,614
uninfected donors, to participate as a control
group 22; 140 of them visited the HEMOPA to
complete the epidemiological questionnaire. In
this way, we selected a total of 256 blood donors
in Pará to participate in the research.
These blood donors were divided into two
groups, based on detection of anti-HCV antibodies and HCV RNA. The numerical relationship between the case and control groups was
approximately 1:1 (116:140; no statistical difference in the sample size; χ2 = 2.25; p = 0.134).
The case group consisted of 116 blood donors
infected with HCV (anti-HCV antibody-positive
or indeterminate, and HCV RNA-positive). The
control group consisted of 140 uninfected blood
donors (anti-HCV antibody-negative and HCV
RNA-negative). Age appeared to be a risk factor for infection with HCV. In the infected donor
group, the median age was 40 years, whereas it

was 30 years in the uninfected blood donors.
Blood donors over 35 years of age were significantly more likely to be infected than those
under 35 (Table 1); this information should be
considered in the construction of an epidemiological model for HCV transmission.
Other factors associated with the molecular
diagnosis of infection were “use of needles and/
or syringes at home”, “blood transfusion”, “invasive dental treatment (root canal or surgical tartar removal)”, “sharing of razors at home”, “using disposable blades in public places (beauty
salons, barber shops, or similar establishments)”,
“shared use of manicure and pedicure instruments”, and “use of illicit drugs (injectable or
non-injectable)” (Table 1). However, it was not
possible to determine precisely which factors significantly contributed to HCV transmission, by
means of univariate analysis (Table 2). We found
that 85.39% of the blood donors infected by HCV
had 1-5 risk factors, and 87.15% of the uninfected
blood donors had 0-3 risk factors.
We then used multiple logistic regression to
determine which risk factors significantly contributed to HCV transmission (Table 3). The importance (odds ratio) of these risk factors was 4.55
for “use of needles and/or syringes at home”, 3.08
for “invasive dental treatment (root canal or surgical tartar removal)”, 1.99 for “sharing of razors at
home”, 2.34 for “shared use of disposable blades
in public places (beauty salons, barber shops,
or similar establishments)”, and 3.45 for “shared
use of manicure and pedicure instruments” (Table 3). The Hosmer-Lemeshow goodness-of-fit
test showed a good fit for the final model (χ2 =
2,734, p = 0.950). We see in Table 4 that 55.17%
of the blood donors infected with HCV had 3-5
risk factors, whereas 87.15% of the uninfected
blood donors had 0-2 risk factors, based on multiple logistic regression. Most of the infected donors had three or more risk factors (χ2 = 69.246;
p < 0.001). The epidemiological model for HCV
transmission in blood donors in Pará included
five parenteral risk factors, with sharing perforating/cutting materials in the home and invasive dental treatment being the most important.

Discussion
In this study, the final model of HCV transmission
based on multiple logistic regression showed that
the use of home-sterilized needles and glass syringes, invasive dental treatments, shared use of
razors at home, shared use of disposable razors
in beauty salons, barber shops, and similar establishments, and shared use of manicure and
pedicure material should be taken into account
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Table 1
Initial discrimination of risk factors for HCV infection using simple logistic regression (molecular diagnosis versus risk factor).
Risk factors for HCV infection

n

HCV RNA (%)

Odds ratio

95%CI

Male

180

85 (47)

1.30

0.75-2.24

Female

76

39 (51)

1.00

Single

98

38 (39)

1.00

Married

158

79 (50)

1.65 *

> 35

132

77 (76)

3.05 **

≤ 35

124

39 (31)

1.00

Gender

Marital status
0.99-2.76

Age (years)
1.83-5.10

Use of needles and/or syringes sterilized at home
Yes

70

53 (72)

6.09 **

No

186

63 (33)

1.00

3.26-11.37

Recipient of a blood transfusion
Yes

49

30 (61)

2.22 **

No

207

86 (42)

1.00

1.17-4.20

Recipient of a blood transfusion prior to 1993 ***
Yes

20

13 (65)

1.18

No

29

17 (59)

1.00

0.35-3.94

Had surgery
Yes

117

58 (50)

1.37

No

139

58 (48)

1.00

Yes

53

31 (58)

1,69

No

64

27 (42)

1.00

Yes

37

22 (59)

1.95 *

No

219

94 (43)

1.00

No

157

77 (49)

1.48 *

Yes

99

39 (39)

1.00

Yes

50

27 (54)

1.54 *

No

206

89 (43)

1.00

Yes

126

70 (56)

2.28 **

No

130

46 (35)

1.00

Yes

94

56 (60)

2.51 **

No

162

60 (37)

1.00

Yes

162

59 (36)

1.00

No

94

57 (61)

2.67 **

Yes

134

41 (31)

1.00

No

122

75 (61)

3.62 **

Yes

28

18 (64)

2.39 **

No

228

98 (43)

1.00

0.84-2.25

Had surgery prior to 1993 #
0.79-3.65

Has a tattoo
0.96-3.96

Use of condoms during the sexual act
0.89-2.47

More than five sexual partners during the previous year
0.83-2.87

Invasive dental treatment (canal work and tartar surgery)
1.38-3.77

Sharing razors at home
1.49-4.22

Shared use of disposable blades in public places
(beauty salons, barber shops and similar)
1.59-4.54

Use of shared instruments for manicure and pedicure
2.16-6.07

Use of illicit drugs (injectable or not)

* p < 0.05;
** p ≤ 0.2;
*** Dependent sample numbers or altered by specific factors: 49;
#

Dependent sample numbers or altered by specific factors: 117.
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Table 2
Division of blood donors into groups according to the
number of significant risk factors for HCV infection,
based on univariate analysis.
Number of risk
factors

Infected

Uninfected

n

%

n

%

0

1

0.86

14

10.00

1

7

6.03

43

30.72

2

20

17.24

38

27.14

3

22

18.97

27

19.29

4

29

25.00

12

8.57

5

21

18.11

5

3.57

6

11

9.48

1

0.71

7

4

3.45

0

0.00

8

1

0.86

0

0.00

by local and regional health authorities and by
those of other countries with cultures similar to
that of northern Brazil, in order to inform political and public strategies to control HCV transmission. The detection and treatment of HCV-infected patients are essential public-health measures for containing viral transmission. However,
public awareness about the risks of specific actions also significantly contributes to reducing
prevalence and to the prevention of new infections 29,30. The risk factors that we examined are
parenteral procedures that can be avoided if the
population is aware of the risks of transmitting
microorganisms. Shaving or trimming nails can
generate trauma or microtrauma on the skin
surface, resulting in exposure to HCV on blades
or nail scissors contaminated by asymptomatic
infected family members or by other people who
are unknowingly infected and who frequent barbershops and beauty salons. In Italy, Pakistan,
and Nigeria, HCV transmission by sharing razor
blades and other cutting instruments, as well as
other forms of viral dissemination due to a lack
of public awareness, have been reported as risk
factors for infection 12,31,32.
The final HCV transmission model indicates
that the use of home-sterilized needles and glass
syringes is the greatest risk factor for infection
among blood donors in Pará. In Brazil, disposable perforating and cutting materials for health
procedures began to be used on a large scale
during the second half of the 1980s. This situation, together with a lack of knowledge about
HCV transmission, likely accounts for infection
being more common among blood donators
over 35, since transmission could have occurred

through sharing of inadequately sterilized syringes and needles in homes with individuals
who were asymptomatic and unaware that they
were infected. Administering injectable medication without adequately sterilizing syringes or
needles has been the main cause of HCV transmission worldwide, especially in developing
countries 2,15,33. Probably the risk factor “use of
home-sterilized syringes and needles” was partly
responsible for the significantly higher infection
rate in the group older than 35 years. This may
also indicate that longer exposure to risk factors
increases the probability of infection with HCV.
The use of illicit injectable or non-injectable
drugs is currently considered as the most important risk factor for HCV 1,2,32. However, we did
not find it to be a significant factor in our study.
Probably this was because of the clinical/epidemiological preselection of blood donors by the
HEMOPA, which considers the use of illicit drugs
as an exclusion factor for blood donation. However, we still detected 28 blood donors who were
illicit drug users; they had withheld information
during the selection process in order to obtain
free blood tests.
We found invasive dental treatment (root canals and surgical removal of tartar) to be a risk
factor for HCV infection. Various studies have
detected HCV RNA in the saliva of HCV-infected
patients 34,35. Consequently, HCV in the saliva,
combined with inadequate sterilization of odontological instruments, could be a means of
HCV transmission. Nosocomial transmission
could be investigated in greater detail through
phylogenetic analysis of the viral strains circulating among those patients in our study who
apparently had been infected during dental
treatment. In this study, the high odds ratio
(3.08) and the narrow 95% confidence interval
(1.68-5.65) indicate the high probability of this
type of event.
Various studies have recognized blood transfusion as a significant risk factor for HCV infection 13,30. However, this was not found in our
study. The univariate analysis indicated a significant risk from blood transfusion. However,
it was not a significant factor in the model constructed based on multiple regression analysis.
Probably this was due to the influence of other
factors that increased the apparent significance
of receiving blood transfusions. Transmission of
HCV infection by blood transfusion was significantly reduced by the introduction of HCV tests
for screening blood donors 14, which is the case in
the Pará state blood bank. The rate of post-transfusion hepatitis C infection remains very high in
countries in which HCV screening is deficient or
nonexistent 13,14,36.
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Table 3
Risk factors for HCV infection in blood donors in the State of Pará based on multiple logistic regression.
Risk factors for HCV infection

n

HCV RNA (%)

Odds ratio *

95%CI

Yes

70

53 (72)

4.55

2.28-9.10

No

186

63 (33)

1.00

Use of needles and syringes
sterilized at home

Invasive dental treatment
(canal work and tartar removal)
Yes

126

70 (56)

3.08

No

130

46 (35)

1.00

Yes

94

56 (60)

1.99

No

162

60 (37)

1.00

1.68-5.65

Shared use of razors at home
1.08-3.66

Shared use of disposable razors in a
public place (beauty salons and barber shops)
Yes

162

59 (36)

1.00

No

94

57 (61)

2.34

1.26-4.32

Shared use of manicure and pedicure instruments
Yes

134

41 (31)

1.00

No

122

75 (61)

3.45

1.88-6.33

* p < 0.05.

Table 4
Infected and uninfected blood donors grouped according
to the number of risk factors, based on multiple regression
analysis.
Number of risk factors

Infected
n

Non-infected

%

n

%

0

1

0.86

25

17.86

1

20

17.24

56

40.00

2

31

26.72

41

29.29

3

36

31.03

16

11.43

4

19

16.38

1

0.71

5

9

7.76

1

0.71

Cad. Saúde Pública, Rio de Janeiro, 26(4):837-844, abr, 2010

We propose here an HCV transmission model for blood donors in Pará, based on the use of
home-sterilized needles and/or syringes, invasive dental treatment (root canal or surgical tartar removal), sharing of razors at home, shared
use of disposable razors in public places (beauty
salons, barber shops, or similar establishments),
and shared use of manicure and pedicure instruments. This information should help to inform
political and public strategies of local and regional heath authorities to help control the transmission of HCV infection in the state of Pará, through
public awareness of the risk of HCV infection due
to sharing perforating and cutting instruments at
home, in beauty salons and barber shops, and in
dental clinics.
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Resumo

Contributors

Nós determinamos os fatores de risco à infecção pelo
HCV em doadores de sangue no Estado do Pará, Brasil.
Foram analisados 256 doadores de sangue atendidos
na Fundação HEMOPA de 2004 a 2006, sendo divididos em dois grupos: infectados e não-infectados. O
diagnóstico foi realizado por PCR em tempo real. Todos os participantes responderam a questionário sobre
possíveis fatores de risco, sendo a modelagem estatística feita por regressão logística simples e múltipla. Os
fatores de risco à infecção foram: uso de agulhas e seringas de vidros esterilizadas em casa (OR = 4,55), realização de tratamento dentário invasivo (OR = 3,08),
compartilhamento de lâminas em domicílio (OR =
1,99), compartilhamento de lâminas descartáveis em
barbearias, salões de beleza (OR = 2,34), e compartilhamento de material de manicure e pedicure (OR =
3,45). As autoridades de saúde devem conscientizar
a população sobre o compartilhamento de materiais
perfuro-cortantes em domicílio, salões de beleza e consultórios dentários como fatores de risco à infecção.

J. A. R. Lemos contributed to the study design, data
interpretation, and the corrections to the manuscript.
A. B. Oliveira-Filho contributed to the study design,
molecular data acquisition, data analysis and interpretation, and manuscript preparation. A. S. C. Pimenta
contributed to the study design, molecular data acquisition and manuscript preparation. M. F. M. Rojas,
M. C. M. Chagas, D. M. Crespo and J. Â. B. Crescente
were responsible for data collection, data interpretation and corrections to the manuscript.
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