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Abstract

Introduction: Hepatitis B and C are among the most important transfusion-transmitted infections and sources of liver diseases worldwide. In
Veracruz, Mexico, liver diseases are important causes of mortality, and the prevalence reports of these viruses are scarce. This study sought
to determine the prevalence of these infections in blood donors, in order to increase the safety of blood products in this region.

Methodology: A retrospective study was performed on blood donors who attended the Veracruz State Blood Transfusion Center from 2006
to 2010. All samples were screened for transfusion-transmitted infections. The prevalence rates of hepatitis B virus (HBV) and hepatitis C
virus (HCV) were determined, and demographic data obtained from clinical records were used to evaluate risk factors.

Results: A total of 56,377 donors were serologically screened; of them, 403 were seropositive for HCV (357 men and 46 women), and 61
were positive for HBsAg (52 men and 9 women). The overall prevalence rates were 0.72% (0.63%-0.76%) for HCV and 0.11% (0.08%—
0.14%) for HBsAg. The risk factors for HBsAg positivity were being a cattleman and living in the Huasteca Baja region, whereas those for
HCV were being a fisherman, living in the Papaloapan region, and having an elementary-level or lower education.

Conclusions: This is the first study to show that being a fisherman is a risk factor for HCV. The implementation of nucleic acid test

technology will help to identify the real risks for transfusion-transmitted hepatitis C in Veracruz.
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Introduction

Hepatitis B (HBV) and hepatitis C (HCV) viruses
are among the most important transfusion-transmitted
infections (TTIs) and worldwide causes of liver
disease [1,2]. Transmission can occur via parenteral
(exposure to infected blood, serum, and body fluids)
and non-parenteral (perinatal and sexual) routes, with
the latter being more common for HBV than for HCV
[3,4]. Both viruses may induce an acute phase and
chronic liver disease. Chronic carriers may be
symptom-free, but they can act as sources of new
infections and have significant risks for developing
hepatic dysfunction, cirrhosis, and/or hepatocellular
carcinoma (HCC) [3-5].

HBV and HCV infections have had significant
impacts on health systems worldwide. Countries with
high prevalence rates of HBV usually also have high
incidences of HCC. About 80% of HCC cases
worldwide occur in developing countries, and nearly
half of these are associated with chronic HBV
infection. In Western countries, in contrast, there is a

relatively low prevalence of HBV, and the main
causes of HCC are HCV infection or alcoholic
cirrhosis [6,7].

HBV is a highly infectious DNA virus from the
Hepadnaviridae family that comprises eight genotypes
(A to H). It has recently been reported that about 240
million people live with chronic infection, and it is
estimated that 600,000 people die each year due to
acute or chronic infection consequences [4]. The virus
is broadly distributed, with the highest prevalence
rates (5% to 10%) observed in sub-Saharan Africa and
East Asia, and rates of 2%-5% observed in South
America and the Middle East [4,5]. The progression to
chronic phase depends on the age at which the
infection is acquired; 90% of patients with perinatal
transmission become chronically infected, while only
5% of adults progress to the chronic phase [4].

HCV, in contrast, is an enveloped positive-strand
RNA virus from the genus Hepacivirus and family
Flaviviridae. It is highly heterogeneous, with 6
genotypes and 52 subtypes. Every year, 3—4 million



Lépez-Balderas et al. — Hepatitis viruses in blood donors

people are infected with the hepatitis C virus and
about 150 million people are chronically infected
[1,3]. Lower incidence rates (approximately 2%) are
seen in North America, Australia, and Europe, while a
very high rate (> 15%) is found in Egypt. About 80%
of infected individuals progress to the chronic phase,
and 20% of these develop cirrhosis after 20-30 years
[3,5].

Historically, blood transfusion was a significant
transmission route for HBV and HCV. Over the past
60 years, however, researchers have urgently sought to
diminish the transmission of pathogens by blood
components through the development of specific and
sensitive serological tests and (more recently) nucleic
acid  amplification  technology  (NAT) [2].
Nevertheless, these technologies are costly and not
easily accessible in developing countries. Indeed, there
is still a great difference in the safety of blood
transfusions in developed versus developing countries,
as the latter typically rank lower in donations,
facilities, equipment, training, and supplies [8,9].

Mexico is a low-prevalence area for both
infections. Two previous studies found rates of < 2%
for HBV and 1%-2.5% for HCV [5,10]. The National
Health Survey in the general Mexican population
found a prevalence for hepatitis B surface antigen
(HBsAg) of 0.21% (0.11-0.37) [11] and 1%-1.9% for
HCV [12]. According to a report from the National
Blood Transfusion Center (CNTS), the Pan American
Health Organization (PAHO) reported overall
prevalence rates in Mexican blood donors of 0.20%
for HBsAg and 0.68% for HCV [13]. However, there
are relatively few reports of hepatitis prevalence rates
in Mexico, and the existing data come from only a few
states, making it difficult to assess the true scope of
such infections [10].

The state of Veracruz, located in eastern Mexico,
is the country’s third-most populated state. It has 212
municipalities, and 38.9% of its inhabitants live in
rural areas [14]. The Veracruz State Blood Transfusion
Center (CETS-Veracruz) is located in the center of the
state and receives blood donors from almost all
municipalities. It is the largest blood bank in the Social
Health Protection System of the state, and has
associated blood collection centers distributed
throughout the south-central territory.

Hepatic diseases, along with diabetes mellitus and
ischemic heart disease, are among the leading causes
of death in Mexico, and this trend is expected to
increase in the coming years [15]. There are few
reports on the prevalence of HBV and HCV in
Veracruz, but some evidence shows that mortality
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related to hepatic diseases such as cirrhosis, fibrosis,
and hepatic tumors has increased in this region in the
last 20 years, mainly in men over 25 years of age
[15,16]. The most recent report on the prevalence of
hepatitis infection among blood donors in Veracruz,
which was published in 2005, found prevalence rates
of 0.057% for HBsAg and 1.1% for HCV [17].

In the present study, we aimed to examine the
prevalence rates of HBV and HCV among blood
donors who attended CETS-Veracruz from 2006 to
2010, and to identify risk factors and high-prevalence
regions.

Methodology

The Veracruz State Blood Transfusion Center
(CETS-Veracruz) is the largest blood bank in the
Social Health Protection System of the state. A
retrospective study was performed on blood donors
enrolled at CETS-Veracruz from 2006 to 2010. The
donors were selected as candidates for blood donation,
and the blood units were screened for transfusion-
transmitted infections (TTIs) according to the official
Mexican health regulations [18]. Anti-HCV and
HBsAg screens were carried out using a VITROS
3600 ECI/ECIQ Immunodiagnostic System (Ortho-
Clinical Diagnosis, Rochester, USA) according to the
provided instructions. The reactive samples were run
in duplicate, and a third run was made with the
implicated plasma unit.

In order to collect a greater number of blood units
through the state, a program was created to establish
blood collection centers (entities that only collect
blood units and send them to the central blood bank
for immunological and serologic assays). Since 2009,
CETS-Veracruz has been responsible of eight blood
collection centers that are located in the municipalities
of Ciudad Isla, Cosamaloapan, and Tierra Blanca in
the Papaloapan region; San Andrés in the Tuxtlas
region; Cordoba and Huatusco in the Mountain region;
Oluta-Acayucan in the Olmeca region; and Panuco in
the Huasteca Alta region (Figure 1).

Additionally, other blood banks of the state Social
Health Protection System report the blood units
collected and have been reporting seropositive units to
CETS-Veracruz since 2010. These blood banks are
located in the regional hospitals of Xalapa (RH-LFN),
Poza Rica (RH-PR), Coatzacoalcos (RH-C), and Rio
Blanco (RH-RB), and at the Center of Medical
Specialties Doctor Rafael Lucio (CEM-RL) and the
Doctor Miguel Dorantes Mesa Cancerology Center of
the Veracruz State (CECAN-MD) (Figure 1).
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To evaluate the potential risk factors associated
with HCV and HBYV infection, a representative sample
of healthy donors was selected by systematic random
sampling based on the number of units assigned from
the years 2009 and 2010. This period was selected
because CETS-Veracruz obtained blood units from the
greatest number of blood collection centers in the
study period, so the sample is more representative of
the state population (Figure 1). The sample size was
calculated based on the highest prevalence (2.5%)
reported previously for HCV [10], with a confidence
level of 95.5% and error of 1%.

The demographic  variables analyzed in
seropositive and healthy donors (from 2009 and 2010)
were obtained from medical records; these are shown
in Table 1. The prevalence rates at the eight blood
collection centers were also calculated for the same
period, but the prevalence rates for the other six blood
banks in the Social Health Protection System of
Veracruz were only available for 2010.

Occupations were grouped as employee (blue-
collar workers), farmer, bricklayer, store clerk, trade
(technician, craft, or works by himself; did not require
university study; includes bakers, taxi drivers,
electricians, etc.), fisherman, cattleman, housewife,
student, professional (white-collar workers and those
who have bachelor degrees), and unemployed
(including pensioners).

The data were analyzed using SPSS version 21.0.
Student’s t-test and the Pearson Chi-square test were
used in the analysis to assess the comparison of the
frequency of seropositive and healthy donors. A p
value < 0.05 was taken as indicating a significant
difference. Odds ratios (ORs) with 95% confidence
intervals (CI) were calculated to identify risk factors.
Prevalence rates are shown as percentages. The
Veracruz State Commission of Research, Bioethics,
and Biosafety approved this study in January 2011.

Results

A total of 56,377 donors were admitted to CETS-
Veracruz and serologically screened between 2006 and
2010 (89% male and 11% female). The total number
of donors increased annually from 9,153 in 2006 to
13,585 in 2010. The number of blood collection center
also increased, from four in 2008 to eight in 2010,
covering the central, southeast, and north regions.

During this period (2006 to 2010), 403 donors
were seropositive for HCV (357 men and 46 women),
and 61 were positive for HBsAg (52 men and 9
women). Among the three assessed transfusion-
transmitted viruses, the prevalence of HCV was the
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Figure 1. Economic regions of Veracruz state: Ha: Huasteca
alta; Hb: Huasteca baja; To: Totonaca; N: Nautla; C: Capital;
M: Montafias; S: Sotavento; P: Papaloapan; Tx: Tuxtlas; Olm:
Olmeca. The location of the seven blood banks of the Social
Health Protection System and blood collection centers of
Veracruz are illustrated.
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highest, with an overall prevalence rate of 0.72%,
followed by HIV with 0.4%, and HBsAg with 0.11%.
The prevalence of HBsSAg remained stably below
0.2% during the study period, whereas the prevalence
of HCV increased from 0.6% to 0.82% between 2006
and 2008, and then decreased to 0.63% by 2010.

The average prevalence of HCV in first-time
donors was 0.83%, 2.7 times higher than in recurring
donors (0.31%). This difference was observed
throughout the study period, while in hepatitis B, both
were very similar — 0.12% in first-time and 0.10% in
recurring donors in the study period.

There was a single case of coinfection of hepatitis
B and C (HBV-HCV); two cases of Chagas-HBV and
one of Chagas-HCV; two of HIV-HCV; and two cases
of coinfection with three pathogens — one HBV-HIV-
HCV and one Chagas-HIV-HCV.

Risk factors were analyzed from donors who were
enrolled in 2009 and 2010. During this period, 27 and
182 cases were HBsAg and HCV seropositive,
respectively.
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Table 1. Demographic data for healthy donors and donors who were seropositive for HBsAg and HCV in Veracruz, Mexico,

between 2009 and 2010

Healthy (n = 1,786) HBsAg (n = 27) HCV (n = 182)

n % n % n %
Sex
Men 1,589 89.0 24 88.9 164 90.1
Women 197 11.0 3 111 18 9.9
Marital status
Couple 1,299 727 23 85.2 141 77.5
Single 487 27.3 4 14.8 41 22.5
Community
Rural 479 26.8 8 29.6 66 36.3
Urban 1,053 59.0 15 55.6 105 57.7
Missing data 254 14.2 4 14.8 11 6.0
Mean age (95% CI) 33.2 (32.8-33.7) 36.7 (33-40.4) 35.1 (33.6-35.6)
Age group
18-24 years 427 239 3 111 33 17.7
25-34 years 610 34.2 7 25.9 58 32
35-49 years 618 34.6 14 51.9 75 414
> 50 years 131 7.3 3 111 16 8.8
Education
Elementary or less 590 33.0 8 29.6 74 40.7
Middle school (secondary) 549 30.7 7 25.9 54 29.7
High school/technician 380 21.3 7 25.9 34 18.7
Bachelors/postgraduate 267 14.9 5 18.6 20 11.0
Occupation
Employee 547 30.6 12 44.4 67 37.0
Farmer 376 211 7 25.9 37 20.4
Trade 215 12.0 1 3.7 16 8.8
Bricklayer 133 7.4 0 0 14 7.7
Student 116 6.5 0 0 8 4.4
Housewife 104 5.8 2 7.4 11 6.1
Store clerk 85 4.8 0 0 8 4.4
Professional 84 4.7 2 7.4 1 0.6
Police/military 73 4.1 2 7.4 5 2.8
Unemployed/pensioner 33 1.8 0 0 3 1.7
Fisherman 18 1 0 0 11 6.1
Cattleman 2 0.1 1 3.7 0 0
Missing data 0 0 0 0 1 0.6
Residence region
Sotavento 946 53.0 13 48.1 89 489
Papaloapan 363 20.3 3 111 58 319
Mountain 152 85 2 7.4 8 4.4
Tuxtla 106 5.9 2 7.4 9 4.9
Olmeca 69 39 1 3.7 5 5.0
Capital 56 3.1 2 7.4 3 1.6
Huasteca Alta 14 0.8 0 0 1 0.5
Nautla 12 0.7 1 3.7 2 11
Huasteca Baja 2 0.1 1 3.7 0 0
Totonaca 0 0 0 0 1 0.5
Foreign 66 35 2 7.4 6 3.3
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Analysis (Table 1) revealed that 88.9% of the HBsAg-
seropositive and 90.1% of the HCV cases were men,
that most of the seropositive cases lived as part of a
couple (85.2% for HBV and 77.5% for HCV), and that
nearly a third of the cases came from rural
communities (29.6% for HBV and 36.3% for HCV).
There was no significant difference between healthy
and seropositive donors with respect to sex, marital
status, or type of community.

The mean ages of seropositive individuals (Table
1) were 36.7 years for HBsAg and 35.1 years for
HCV; both groups were older than the healthy donors
(33.2 years), but this was only significant for HCV (p
= 0.019). A comparison across different age groups
showed a higher rate of 35-49 year-olds in both
infected groups (Table 1). However, the odds ratios
(ORs) for this group were not significant, at 2.035 (Cl:
0.951-4.357) for HBsAg and 1.337 (Cl: 0.979-1.826)
for HCV.

Analysis of education level revealed that an
elementary-level or lower education was a risk factor
for HCV seropositivity, with an OR of 1.57 (CI: 1.15—
2.12). No significant association was found with
respect to education level and HBsAg seropositivity.

Significant associations were found between
HBsAg seropositivity and HCV infection and the
occupation variables assessed in the Pearson Chi-
square analysis (p = 0.001 and 0.0001, respectively).
The most common occupations among both
seropositive and healthy donors were employee and
farmer (Table 1). There was no case of HBSAg
seropositivity among individuals occupied as store
clerks, bricklayers, fishermen, and students, nor were

J Infect Dev Ctries 2015; 9(3):274-282.

there any cases of HCV seropositivity among
cattlemen. However, being a cattleman was
significantly associated with HBsAg seropositivity
(OR =34.308 [CI: 3.016-390.274]); being a fisherman
was significantly associated with HCV (OR = 6.356
[Cl: 2.953-13.678]); being a professional tended to
protect against HCV infection (OR = 0.113 [CI:
0.016-0.813)).

Regarding the place of residence, significant
associations were also found between HBSAg
seropositivity and HCV infection (p = 0.0001 and
0.002, respectively). CETS-Veracruz receives blood
donors from all regions of Veracruz (Table 1). Most of
them come from the Sotavento region, where CETS-
Veracruz is located, followed by Papaloapan, both of
which are in the central region of the state (Figure 1).
The regions identified with increased infection risk
were Huasteca Baja (OR = 34.308 [CIl: 3.016—
390.274]) for HBsAg seropositivity and Papaloapan
region (OR = 1.834 [CI: 1.315-2.557]) for HCV
infection.

The prevalence rates at CETS-Veracruz, at each
blood collection center, and at the others blood banks
were obtained (Table 2). The highest prevalence of
HBsAg was observed at the Tierra Blanca blood
collection center, which sent a total of 792 blood units
during the two years under investigation. The highest
prevalence for HCV was observed for the
Cosamaloapan blood collection center, which sent 875
blood units during this period. Both are located in the
Papaloapan region (Figure 1).

Table 2. Prevalence of HBsAg and HCV seropositivity in blood banks and blood collection center from Veracruz state

Blood bank Blood units HBsAg (%0) HCV (%)
CETS-Veracruz* 19,862 0.10 0.71
CECAN-MD' 2,310 0.17 0.61
CEM-RL' 4,799 0.17 0.58
RH-LFN 1,361 0.29 0.44
RH-RB 4,849 0.08 0.47
RH-C' 3,531 0.08 0.59
RH-PR 5,255 0.02 0.93
Blood collection center associated with CETS-Veracruz Blood units HBsAg (%) HCV (%)
Ciudad Isla* 938 0.00 0.32
Cosamaloapan* 875 0.00 2.06
Tierra Blanca* 792 0.51 0.63
San Andrés* 1,018 0.20 0.79
Oluta-Acayucan* 900 0.22 0.22
Cérdoba* 1,298 0.08 0.31
Huatusco* 181 0.00 0.00
Panuco* 161 0.00 0.00

*Units from 2009 and 2010; funits from 2010
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Discussion

Recent modifications to the official Mexican
regulations relating to transfusion medicine have
ensured the adequate monitoring of blood banks and
the safety of blood units [18]. During the study period,
CETS-Veracruz transitioned from being a local blood
bank to becoming the reference institution of the
Social Health Protection System in Veracruz. This
change was associated with improvements in the
physical facilities, equipment, training, and donation
campaigns. The number of blood units collected
increased from 9,153 in 2006 to 13,585 in 2010 and
16,154 in 2012, making CETS-Veracruz one of the
few Dblood banks in Mexico to process more than
15,000 blood units annually [19].

In Mexico and Latin American countries, the main
causes of HCC are HCV infection and alcoholism,
with the exception of Peru and Brazil, where HBV
infection is the major etiology [6]. In Mexico, hepatic
diseases are among the leading causes of death [15].
Particularly in Veracruz, there is evidence that hepatic
disease has increased over the last 20 years. In this
region, it is the fourth leading cause of death in men
25-34 years of age, the second in men 35-44 years of
age, and the first in men 45-64 years of age. Although
50%-60% of the reported cases were associated with
alcoholism, the remaining causes were not specified
[16]. Thus, it is likely that many cases of liver disease
in Veracruz are caused by HCV (alone or associated
with alcoholism), and, to a lesser extent, HBV.

The present study analyzed a low-risk population
(blood donors) from 2006 to 2010. A comparison to
the results from previous studies in the general
populations and blood donors from Mexico and
Veracruz revealed that the HBSAg prevalence in
Veracruz blood donors (0.11%) was lower than that
found by a national health survey of the general
population (0.21%) [11], lower than the range reported
by other national blood banks (0.13%-1.12%) [20-24],
and below the average prevalence in Mexican blood
donors reported by the PAHO (0.2%) [13]. During the
1998-2003 period, the National Blood Transfusion
Center (CNTS) reported an HBsAg prevalence of
0.31% for the state of Veracruz [9]. Therefore, our
findings suggest that the prevalence of HBSAg
decreased since the previous report, even though it
remained stable during the study period.

The HCV prevalence rate found herein for
Veracruz was 0.72%. This is lower than that
previously reported in a national health survey in the
general population (1.4%) [12], and in the range of
reports from other blood banks in Mexico (0.31%-
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1.14%) [20-24], but higher than the average
prevalence in Mexican blood donors reported by the
PAHO (0.64%) [13]. Furthermore, our prevalence rate
is higher than that previously reported for the state in
2003 (0.57%) [9]. However, the annual average has
fluctuated over time.

Our analysis of the prevalence of HBsAg at each
blood collection center (Table 2) indicates that the
Tierra Blanca blood collection center, located in
Papaloapan region (Figure 1), had a higher prevalence
than that found in the general population (0.5% versus
0.21% [11], respectively). In contrast, the two other
blood collection centers in this region (Ciudad Isla and
Cosamaloapan) did not have any seropositive blood
units, even though they both collected more blood
units than Tierra Blanca. This indicates that chronic
HBV carriers are not scattered throughout the
Papaloapan region, but rather are located in
communities near the blood collection centers of
Tierra Blanca. The second-highest prevalence was
observed in the Capital region, in the blood bank of
the Regional Hospital Luis F. Nachon in the city of
Xalapa (RH-LFN) (Table 2).

A similar analysis of HCV revealed that the
highest prevalence rate was also found in the
Papaloapan region, at the Cosamaloapan blood
collection center, where the prevalence was higher
than that reported for the general population (2.06%
versus 1.4% [12], respectively). Notably, above-
average prevalence rates were also observed in the
Poza Rica blood bank (0.93%) in the north of the state,
in the CETS-Veracruz blood bank (0.71%) in the
central region, and in the San Andrés blood collection
center (0.79%) in the southern part of the state, as
compared to the average prevalence among Mexican
blood donors reported by the PAHO (0.67%) [13].
Thus, it appears that most of the state shows an
increased prevalence of HCV compared with the
population of blood donors in the country.

Our findings indicate that living in the Papaloapan
region is a risk factor for HCV infection (OR = 1.83
[Cl: 1.32-2.56]). Valerio-Urefia et al. previously
reported that the municipality of Alvarado, also
located in the Papaloapan region, had the highest
prevalence (2.96%) compared with metropolitan area
Veracruz-Boca del Rio [17]. Thus, our findings
together with the previous reports suggest that
epidemiological studies and confirmatory testing
should be performed in the Papaloapan population, in
an effort to determine the prevalence of chronic HCV
carriers, evaluate additional risk factors, and prevent
the spread of HCV in these communities.
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The World Health Organization has reported that
regular voluntary donations have lower prevalence of
TTls, although in developing countries the percentage
of altruistic donations is very low [8]. In CETS-
Veracruz during the study period, 25.6% were
recurring donors; of these, 96.7% were family
donations, and only 0.4% were altruistic donations.
Most of Veracruz’s blood donors donate blood
repeatedly if a family member needs it.

The prevalence of hepatitis C in first-time donors
was 2.7 higher than in recurring donors. Differences
could exist in the risk factors between first-time
donors and people who donate frequently, even for
family reasons. This may be because recurring donors
tend to have a better lifestyle, with lower risk
practices; furthermore, they may take steps to prevent
diseases that are transmitted via blood transfusion. By
contrast, in hepatitis B prevalence, this behavior is not
observed, because the prevalence is low in both
populations of donors.

In the National Health Survey done in Mexico in
2000, the anti-HBVc (antibody vs. hepatitis B core
antigen) prevalence was higher in men, and it was
directly proportional to age; the risk factors among
chronic carriers (HBsAg-positive) were female gender,
widower status, age 60 years or more, and illiteracy
[11]. In the present study, the risk factors found to be
significantly associated with HBsAg seropositivity
were living in Huasteca Baja and being a cattleman.
However, these results should be interpreted with
some caution, since relatively few donors live in this
region, and relatively few healthy donors listed
cattleman as their occupation.

Despite these limitations, some characteristics may
be identified from our HBsAg-seropositive population.
They were primarily adults between 35 and 49 years
of age (mean age, 36.7 years), which was similar to
the results from Irapuato, Mexico, where the highest
prevalence was observed in the 31-40 year age group
[20]. The HBsAg-positive group in the present study
had a higher education level compared to the HCV-
positive group (Table 1) and to other blood banks in
the country [23].

The risk factors identified herein for HCV
seropositivity showed some similarities to those
reported by Mexican national blood banks and in other
countries. For example, we observed no difference in
gender or marital status [23,25], and found the highest
prevalence rates among adults between 35 and 59
years of age [25-27] and among those with a low level
of education (including illiterates) [17,25,27,28]. We
also found that being a professional was a protective
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factor for HCV, reflecting the increased risk of HCV
infection among people with low education levels.

The most frequent occupations among the HCV-
seropositive group (Table 1) were employee, farmer,
trade, bricklayer, housewife, fisherman, and store
clerk. These findings were similar to those previously
reported from a blood bank in Mexico City (employee,
store clerk, worker, and housewife) [22]. The
preponderance of farmers and fishermen in the present
study likely reflects that 36.3% of the blood donors
were from rural areas; Veracruz has a wide seacoast.
Indeed, the occupation of fisherman yielded the only
significant OR for HCV infection (OR = 6.36 [CI:
2.95-13.68]). Most of the studied fishermen came
from the Papaloapan region (77% of fishermen in
healthy donors), and living in this region was found to
be a risk factor for HCV infection. Thus, we calculated
an adjusted OR (Mantel-Haenszel) to assess whether
this occupation was directly associated with HCV
seropositivity. The adjusted OR was 3.8 (Cl: 1.64—
8.86), which was lower but remained statistically
significant.

The occupation of fisherman is considered a risk
factor for HIV infection due to lifestyle factors, such
as long absences from home and alcohol intake, which
can lead to high-risk sexual activities [29,30].
Although sexual transmission is not considered to be
an efficient route for the transmission of HCV,
multiple sex partners and sexually transmitted diseases
have been identified as risk factors in several studies
[27,31]. This suggests that additional investigations
are needed to understand how the customs and
activities of Papaloapan fishermen may increase the
risk of HCV infection, because in the donor selection
interview, those who used intravenous drugs or had
high-risk sex were excluded, but not those who had
tattoos, piercings, and practiced acupuncture, since
Mexican regulations did not consider these practices
causes for exclusion.

Adults 3545 years of age are more highly
affected by HBV and HCV, probably because unsafe
blood transfusion practices existed prior to 1992 in
many countries, including Mexico [12,25,27]. Other
practices that confer risks for HCV and HBV
infections include tattooing, piercing, acupuncture,
multiple sex partners, and surgeries [12,25-28,31].
Additionally, HCV has been associated with
intravenous drug use (IDU), sex with someone who
uses intravenous drugs, or sex with an HCV-
seropositive partner [27,28,31]. In Mexico, 56.5% of
cirrhosis patients from two hospitals in Mexico City
had records of blood transfusions, and 32.3% received
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blood transfusions prior to being diagnosed with
cirrhosis [32]; however, this report did not specify
whether patients were infected before or after 1992.
Most of the risk factors identified so far have been
associated in the past with the economically active
adult population, but they are now present even in
teenagers; consequently, the appearance of the
aftermath of a chronic hepatitis infection as cirrhosis
or HCC could appear at earlier ages.

The implementation of a nucleic acid test (NAT)
in the blood banks of developing countries requires
known prevalence rates, pilot testing, and cost-benefit
studies. It has been reported that NAT can detect
hidden cases of hepatitis B (HBsAg-negative, NAT-
positive), but it does not greatly reduce the window
period (time from infection to first reactive test)
compared to serological testing [2]. Thus, the blood
banks should consider the prevalence in each region.
As the prevalence of HBV in Veracruz is relatively
low and has decreased over time, the potential impact
of NAT may not justify the cost. With respect to HCV
infection, the use of NAT can significantly reduce the
window period [2], and the prevalence of this infection
in Veracruz appears to be increasing. The introduction
of NAT could potentially identify cases during the
window period, suggesting that a pilot study of NAT
in blood donors in Veracruz could be highly useful.

Conclusions

Important advances have been made in Veracruz
with respect to reducing TTIs, perhaps explaining why
the prevalence rate of HBsAg-positive blood donors
obtained in the present study was lower even when
compared to other national blood banks. This was
reflected in all studied regions of the state except for
Tierra Blanca, which had a prevalence higher than that
reported in the general Mexican population.
Meanwhile, the HCV prevalence in blood donors of
Veracruz appears to be on the rise. We therefore
recommend confirmatory studies of Papaloapan
fishermen to determine the prevalence of active HCV
infections and a pilot study using NAT to reduce the
risk of transfusion-transmitted HCV.

As hepatic diseases are already among the
principal mortality causes in the Veracruzan
population, future research should also examine
additional risk factors and seek to develop methods for
early detection of HCV and HBYV infections.

J Infect Dev Ctries 2015; 9(3):274-282.

Acknowledgements

The authors acknowledge Q.C. Jacqueline Guadalupe Baeza
Santos and Q.C. Teresa Mendoza Dominguez of the
Serology Department at CETS-Veracruz for their technical
assistance; Dr. Oreth Montero Ruiz and M.Sc. Carlos Todd
Quifiones for some data collection; the ICTZE Group for
their support in disseminating the results of our study; and
Dr. Ulises Hernandez Romano for reviewing and discussing
this work. This study was supported by the Health
Secretariat of Veracruz State through the CETS-Veracruz.

References

1. Rehermann B, Nascimbeni M (2005) Immunology of
hepatitis B virus and hepatitis C virus infection. Nat Rev
Immunol 5: 215-229.

2. Dwyre DM, Fernando LP, Holland PV (2011) Hepatitis B,
hepatitis C and HIV transfusion-transmitted infections in the
21st century. Vox Sang 100: 92-98.

3. World Health Organization (2012) Hepatitis C.
http://www.who.int/mediacentre/factsheets/fs164/en/index.ht
ml. Accessed 15 November 2013.

4.  World Health Organization (2012) Hepatitis B. Available:
http://www.who.int/mediacentre/factsheets/fs204/en/.
Accessed 15 November 2013.

5. Te HS, Jensen DM (2010) Epidemiology of hepatitis B and C
viruses: a global overview. Clin Liver Dis 14: 1-21, vii.

6. Fassio E, Diaz S, Santa C, Reig, ME, Martinez AY, Alves de
Mattos A, Miguez C, Galizzi J, Zapata R, Ridruejo E, de
Souza FC, Hernandez N, Pinchuk L (2010) Etiology of
hepatocellular carcinoma in Latin America: a prospective,
multicenter, international study. Ann Hepatol 9: 63-69.

7. Yang JD, Roberts LR (2010) Hepatocellular carcinoma: A
global view. Nat Rev Gastroenterol Hepatol 7: 448-458.

8. World Health Organization (2013) Blood safety and
availability. Available:
http://www.who.int/mediacentre/factsheets/fs279/en/index.ht
ml. Accessed 8 October 2013.

9. Vazquez-Flores JA, Valiente-Banuet L, Marin y Lopez RA,
Sanchez-Guerrero SA (2006) [Safety of the blood supply in
Mexico from 1999 to 2003]. Rev Invest Clin 58: 101-108.

10. Santos-Lopez G, Sosa-Jurado F, Vallejo-Ruiz V, Melendez-
Mena D, Reyes-Leyva J (2008) Prevalence of hepatitis C
virus in the Mexican population: a systematic review. J Infect
56: 281-290.

11. Valdespino JL, Conde-Gonzélez CJ, Olaiz-Fernandez G,
Palma O, Sepllveda J (2007) Prevalence of hepatitis B
infectionand carrier status among adults in Mexico. Salud
Publica Mex 49: S404-S411.

12. Valdespino JL, Conde-Gonzélez CJ, Olaiz-Fernandez G,
Palma O, Kershenobich D, Sepulveda J (2007)
Seroprevalence of hepatitis C among Mexican adults:An
emerging public health problem? Salud Publica Mex 49:
$395-S403.

13. Pan American Health Organization (2011) Supply of Blood
for Transfusion in the Caribbean and Latin American
Countries 2006, 2007, 2008 and 2009. Available:
http://www2.paho.org/hg/dmdocuments/2011/BloodEnweb.p
df. Accessed 6 May 2013.

14. Instituto Nacional de Estadistica y Geografia (INEGI) Censo
de Poblacion y Vivienda 2010. Available:
http://www.cens02010.org.mx/. Accessed 16 May 2013.

281



Lépez-Balderas et al. — Hepatitis viruses in blood donors

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Mendez-Sanchez N, Garcia-Villegas E, Merino-Zeferino B,
Ochoa-Cruz S, Villa AR, Madrigal H, Kobashi-Margain RA,
Gutierrez-Grobe Y, Chavez-Tapia N, Ponciano-Rodriguez G,
Uribe M (2010) Liver diseases in Mexico and their associated
mortality trends from 2000 to 2007: A retrospective study of
the nation and the federal states. Ann Hepatol 9: 428-438.
Instituto Nacional de Estadistica y Geografia (INEGI).
Estadisticas de mortalidad en el estado de Veracruz
2011/Tasa de mortalidad masculina por cancer de higado.
Available: http://wwwa3.inegi.org.mx/sistemas/mexicocifras/.
Accessed May 2013.

Valerio-Urefia J, Vasquez-Fernandez F, Pérez-Sosa JA,
Cortazar-Benitez LF, Chavez-Tapia NC, Ruvalcaba-Rojas
OA, Torres-Medina V, Ocejo-Rodriguez A  (2009)
Prevalencia de marcadores serolégicos de VHB y VHC en
donadores de sangre de la ciudad de Veracruz. Gac Méd Mex
145: 183-187.

Secretaria de Salud (2012) Norma Oficial Mexicana NOM-
253-SSA1-2012, Para la disposicion de sangre humana y sus
componentes  con  fines  terapéuticos.  Available:
http://cnts.salud.gob.mx/descargas/PROY_A_NOM_2-1.pdf.
Accessed 3 April 2013.

Secretaria de Salud (2006) Programa de Accién Especifico
2007-2012 Transfusion Sanguinea. Auvailable:
http://www.salud.gob.mx/unidades/cnts/pdfs/transfusionsangu
ineaversion5.pdf. Accessed 24 May 2013.

Carreto-Velez MA, Carrada-Bravo T, Martinez-Magdaleno A
(2003) [Seroprevalence of HBV, HCV, and HIV among blood
donors in Irapuato, Mexico]. Salud Publica Mex 45 Supp 5:
$690-S693.

Rivera-Lopez MR, Zavala-Mendez C, Arenas-Esqueda A
(2004) [Prevalence for seropositivity for HIV, hepatitis B and
hepatitis C in blood donors]. Gac Méd Mex 140: 657-660.
GoOmez-Hernandez G, Reyes-Islas E, Abdo-Francis JM,
Chéavez-Mayol JM (2010) Prevalencia de anticuerpos contra
el virus de hepatitis C en donadores de sangre del Hospital
General de México. Rev Med Hosp Gen Mex 73: 88-93.
Serrano Machuca JJ, Villarreal Rios E, Galicia Rodriguez L,
Vargas Daza ER, Martinez Gonzalez L, Mejia Damian AF
(2009) [Detection of antibodies present in blood donors in
Mexico]. Rev Panam Salud Publica 26: 355-359.
Garcia-Montalvo BM (2006) Seropositivity of HIV,
HBV,HCV and treponema pallidum in blood donors in
Southeast Mexico. Rev Invest Clin 58: 567-572.

Huang C, Qiu F, Guo M, Yi Y, Shen L, Wang F, Jia Z, Ma J,
Zhao Y, Zhang S, Zhang Y, Bi S (2012) Prevalence and risk

26.

27.

28.

29.

30.

31.

32.

J Infect Dev Ctries 2015; 9(3):274-282.

factors of hepatitis C among former blood donors in rural
China. Int J Infect Dis 16: e731-e734.

Zhao Y, Shen L, Ma J, Gao Z, Han X, Qi S, Li Q (2013)
Epidemiology of hepatitis C virus infection and risk factor
analysis in the Hebei Hebei Province, China. PLoS One 8:
e75586.

Brandao AB, Fuchs SC (2002) Risk factors for hepatitis C
virus infection among blood donors in southern Brazil: a case-
control study. BMC Gastroenterol 2: 18.

Murphy EL, Bryzman SM, Glynn SA, Ameti DI, Thomson
RA, Williams AE, Nass CC, Ownby HE, Schreiber GB, Kong
F, Neal KR, Nemo GJ (2000) Risk factors for hepatitis C
virus infection in United States blood donors. NHLBI
Retrovirus Epidemiology Donor Study (REDS). Hepatology
31: 756-762.

Bailey A (2011) Left at sea: HIV vulnerability among migrant
fishermen in Goa, India. Int Marit Health 62: 116-122.
Tumwesigye NM, Atuyambe L, Wanyenze RK, Kibira SP, Li
Q, Wabwire-Mangen F, Wagner G (2012) Alcohol
consumption and risky sexual behaviour in the fishing
communities: evidence from two fish landing sites on Lake
Victoria in Uganda. BMC Public Health 12: 1069.
Mendez-Sanchez N, Motola-Kuba D, Zamora-Valdes D,
Sanchez-Lara K, Ponciano-Rodriguez G, Uribe-Ramos MH,
Vasquez-Fernandez F, Lezama-Mora J, Perez-Sosa JA,
Baptista-Gonzalez HA, Uribe M (2006) Risk factors and
prevalence of hepatitis virus B and C serum markers among
nurses at a tertiary-care hospital in Mexico City, Mexico: a
descriptive study. Ann Hepatol 5: 276-280.

Abdo-Francis M, Torre A, Tenorio C, Ornelas E, Villasis A
(2011) Prevalencia de la hepatitis por virus pacientes con
cirrosis en México. Rev Med Hosp Gen Mex 74: 16-20.

Corresponding author

Dr. Nayali A. Lopez Balderas

Laboratorio de Genética Humana y Biologia Molecular
Hospital Regional de Alta Especialidad Médica de Veracruz
Av. 20 de noviembre, No.1074, Col. Centro, C.P. 91700
Veracruz, Ver. Mexico

Phone: + (52) (229) (932 3690) Ext 300

Fax: +(229) (932 2859)

Email: nayaalb@hotmail.com

Conflict of interests: No conflict of interests is declared.

282



