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Resumen
Objetivo. Medir la seroprevalencia y prevalencia del virus 
de hepatitis C (VHC), la frecuencia de características de 
riesgo y la correlación genotípica con la carga viral en su-
jetos asistentes a clínicas de medicina familiar. Material y 
métodos. muestras de sangre venosa se colectaron de 112 
226 adultos, previo consentimiento informado, de enero 
2006 hasta diciembre 2009, para la detección de anticuer-
pos contra VHC por ELISA. La detección de RNA-VHC y el 
genotipo viral se realizó mediante qRT-PCR. Resultados. 
La seroprevalencia de VHC fue 1.5 % (C.I. 95% 1.3-1.7), 
60.9% reportaron transfusión sanguínea previa,  28.3% dijo 
tener familiares cercanos con cirrosis, 25.2% tenían tatuajes 
o piercing y 6.9% refirió ser usuario de drogas intravenosas. 
El ser hombre, el antecedente de transfusiones y el uso de 
drogas (p<0.001), fueron los factores con mayor frecuencia 
en el grupo VHC seropositivo. La prevalencia del RNA-VHC 
en  seropositivos fue de 48.3%. El genotipo más frecuente en 
todas las áreas geográficas de México fue el 1 (subtipo 1A, 
33%; subtipo 1B, 21.4%) seguido por el genotipo 2 (subtipo 
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Abstract
Objective. To measure hepatitis C virus (HCV) sero-preva-
lence, prevalence, hepatitis risk characteristics frequency, and 
genotype correlation with viral load among clients attending 
health care clinics. Material and Methods. Venous blood 
samples from 112 226 consecutive consenting adults were 
collected from January 2006 through December 2009. HCV 
antibodies were detected by immunoassay. HCV RNA was 
detected by qRT-PCR and viral genotype was performed 
by PCR and LIPA test. Results. The HCV seroprevalence 
observed was 1.5 % (C.I. 95% 1.3-1.7), from seropositive 
individuals 60.9 % reported previous blood transfusion, 
28.3% declared to have relatives with cirrhosis, 25.2% had 
tattoos or piercings, and 6.9% referred to have used drugs. 
Male gender and transfusion (p<0.001) were the most fre-
quent hepatitis risk characteristics in the HCV seropositive 
group. Among seropositive subjects 48.3% presented HCV 
RNA. The most frequent genotype detected in all geographic 
areas of Mexico was 1 (subtype 1A, 33%; subtype 1B, 21.4%) 
followed by genotype 2 (subtype 2A, 8.50%). Subjects with 
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The chronic infection caused by the virus of hepatitis 
C (HCV) represents a recognized problem of public 

health world-wide.1 It is estimated that 300 million 
people currently have chronic infection by HCV in the 
world. This infection annually causes the death by its 
complications to approximately 1,2 million people in 
the world.2 The onset of disease is usually insidious, 
with anorexia, vague abdominal discomfort, nausea and 
vomiting, fever and fatigue, progressing to jaundice in 
about 25% of patients, less frequently than hepatitis B.3 

Of those exposed to HCV, about 40% recover fully, but 
the remainder, whether they have symptoms or not, 
become chronic carriers. The chronic infection can prog-
ress to cirrhosis (20%) along with its complications like 
ascitis, encephalopathy, bleeding of esophagic varices 
and hepatocellular carcinoma.4 
 For that reason the early detection and treatment 
of the infection are of extreme importance to reduce the 
morbidity and mortality in the affected population. The 
main problem for the diagnosis and the treatment of the 
chronic infection caused by the HCV is the genetic virus 
heterogeneity, it is an enveloped RNA virus, classified 
as a separate genus (Hepacivirus) within the Flaviviridae 
family, and presents a high rate of mutations, which 
has given rise to different viral genotypes. Nowadays, 
6 genotypes are known that are distributed with differ-
ent proportions between the infected populations. In 
the United States it has been observed that genotype 1 
with approximately 75% of the cases predominates, fol-
lowed by genotypes 2/3 with approximately 10% each, 
in relation to the total of cases.5,6 The infection by  HCV 
has a world-wide distribution whose frequency varies 
according to regions or countries. In the majority of the 
developed countries the prevalence of the infection in 
the population level varies between 1% and 2%.7,8 
 In Mexico, the only published research effort, a 
work with a population base approach in which the 
average prevalence of the infection by  HCV has been 
considered, is the National Survey of Health of the year 
2000.9 The results of this study showed that the global 
prevalence of antibodies against HCV in adult general 
population, of both sexes, was 1,4%. This frequency 

corresponds to 700 000 people in the Mexican Republic. 
Although the frequency of the infection in the popula-
tion level in Mexico is low, if we compare it with the 
frequencies reported in other countries, it is necessary to 
emphasize that only 37% of the seropositive individuals 
to HCV had active infection, since they were positive to 
the RNA-PCR test, which identifies HCV RNA.9 It was 
estimated then that 259 000 people are chronic carriers 
of the virus in Mexico, and which possibly will evolve 
towards the complications of chronic hepatitis, particu-
larly cirrhosis and hepatocellular carcinoma.
 Recently, Santos-López et al.10 conducted a systematic 
review using several free-access databases to explore 
the prevalence of HCV infection in the Mexican popula-
tion. Sixty-eight works fulfilled the search criteria. From 
these, 44 studies involved asymptomatic subjects and 
28 involved patients or high-risk subjects. Prevalence of 
blood donors (6 955 558 persons) ranged from 0.0% to 
2.05%, with 7/32 studies reporting values >1%, whereas 
prevalence of non-donor asymptomatic subjects (28 528 
persons) was from 0.0% to 2.7%, with 7/11 studies re-
porting values >1%, and medical personnel from 0.0% to 
2.08% (1,227 persons), with 4/11 studies reporting values 
>1%. Prevalence of patients with chronic hepatic disease 
ranged from 6.7% to 77%. The most prevalent genotype 
was 1 (30.0%-87.5%), of which subtype 1b is the most 
frequent (11.9%-61.9%). The main risk characteristics were 
blood transfusion and unprotected sex or having multiple 
sex partners. The prevalence in the Mexican population 
seems to be in accordance with that previously estimated 
by the World Health Organization (1%-2.5%).2  The aim 
of this study was measuring HCV sero-prevalence, 
prevalence, risk characteristics frequency, and its geno-
type correlation with viral load among clients of family 
medicine clinics.

Materials and Methods

This transversal study included 112 226 consecutive 
consenting female and male adults, who were seek-
ing attention at family medicine clinics for multiple 

genotype 1 had a significant correlation with the highest 
viral load. Conclusions. Our results show that nearly half of 
seropositive individuals are chronically infected. HCV infec-
tion has been shown in this study to be an emerging health 
problem in Mexico.

Key words: HCV; seroprevalence, genotypes; viral load; 
Mexico.

2A, 8.50%). Se observó una correlación positiva de 51% con 
la carga viral más alta y el genotipo viral 1A. Conclusiones. 
Nuestros resultados muestran que cerca de la mitad de 
individuos seropositivos están infectados crónicamente. Esta 
infección debe considerarse como un problema emergente 
de salud pública en México. 

Palabras clave: VHC; seroprevalencia; genotipos; carga viral; 
México.
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causes but different to any kind of liver disease, all 
subjects were between 18 and 69 years old. This project 
was carried out in medical units of the first and / or 
second level of public health institutions, selected by 
a logistical and geographical convenience. Samples 
were collected from 19 states of Mexico, we used a 
geographic distribution adapted from Esquivel G. 
(2000), which included four regions: North, Center, 
Pacific/South and Distrito Federal/Estado de Mexico.11 

National Institute of Public Health Research and Ethics 
Committees approved the study, and all participants 
gave an informed signed consent after explaining the 
purpose of the study and highlight the importance of 
early identification of chronic carriers of HCV infec-
tion for treatment. The main criterion for selecting 
individuals for the study was a history of at least one 
of the following risk characteristics for HCV infection: 
a history of blood transfusion before 1995, the presence 
of unsafe sex practice, injecting drug use, the presence 
of relatives with hepatitis C or liver cirrhosis and the 
presence of tattoos and body piercings, excluding the 
common practice of drilling ears in women, which is a 
normal cultural practice in Mexico. All the individuals 
that had previous diagnosis of hepatitis or liver disease 
were excluded from the study.
 From all patients who agreed to participate in the 
study, 10 milliliters of venous blood was extracted. The 
collected samples of blood were centrifuged to obtain 
serum and enzyme immunoassay (ELISA) test was 
performed at our facilities. We performed the determi-
nation of antibodies (IgG) anti-HCV by ELISA. This is 
a validated commercial assay; it is performed on auto-
mated equipment (Johnson and Johnson Company). All 
samples that were positive by ELISA test were subject 
to a confirmatory test by searching in serum HCV RNA 
by qualitative RT-PCR test COBAS AMPLICOR. 
 Genotyping (LIPA). HCV subtyping was ac-
complished by amplifying and sequencing a 339-bp 
amplicon of the NS5b region. A seminested PCR was 
performed with primers NS5-1 (sense; 5_-TAT-GAY-
ACC-CGY-TGC-TTT-GAC-3_) and NS5-2 (reverse; 
5_-GAG-GAG-CAA-GAT-GTT-ATC-AGC-TC-3_) for 
primary amplification and primers NS5-1 and NS5-3 
(reverse; 5_-GAA-TAC-CTG-GTC-ATA-GCC-TCC-
G-3_) for secondary amplification. Subtyping was also 
carried out with type-specific primers, as described 
previously.12

 We performed a statistical analysis to calculate 
the frequency distributions of the variables used in the 
study, the frequency of HCV antibodies obtained by 
ELISA, and the frequency of the presence of viral RNA 
detected by RT-PCR test.  The relationship of the fre-
quencies of the markers of HCV infection and the above 

risk characteristics reported by the respondents was 
evaluated in the ELISA positive group and in the PCR 
positive subsample. Finally to evaluate our hypothesis 
we performed a direct correlation analyses between viral 
load and viral genotype.

Results

This study included 112 226 consecutive consenting 
female and male adults, who were seeking attention 
at family medicine clinics. The 19 states used for this 
study were divided for region North: Baja California, 
Sinaloa, Sonora, Chihuahua, Coahuila, Nuevo León, 
and Tamaulipas; for region Center: Aguascalientes, 
Queretaro, Hidalgo and Puebla; for region Pacific/
South: Nayarit, Colima, Jalisco, Veracruz, Yucatan and 
Quintana Roo; and for the final region: Distrito Fed-
eral/Estado de Mexico. All subjects were between 18 
and 69 years old, with a mean age of 42.16 (SD 12.75) 
years. (Table I) 
 The HCV overall sero-prevalence observed in the 
study population was 1.5 % (C.I. 95% 1.3-1.7), with a 
mean age of 43.6(C.I. 95% 43-44.2). The frequencies of 
HCV antibodies by geographic region were the follow-
ing: North 1.65% (C.I. 95% 1.57-1.72), Center 1.55% (C.I. 
95% 1.48-1.62), Pacific/South 0.81% (C.I. 95% 0.76-0.86) 
and Distrito Federal/Estado de Mexico 1.59% (C.I. 95% 
1.52-1.67). In our study the positive seroprevalence was 
1.5% (N=1 681). Male gender predominated among 
HCV positive sero-prevalence,  in the same group with 
positive seroprevalence we observed that 60.9% had 
received a blood transfusion, 28.3% declared to have 
relatives with cirrhosis, 25.2% had tattoos or piercings, 
only 6.9% referred to have used drugs. The most fre-
quent risk characteristics were male gender and blood 
transfusion (p<0.001). (Table I)
 The prevalence of HCV RNA detected by RT-PCR 
among seropositive persons was 48.3%. All of these cur-
rently infected people were referred to medical care. In 
the comparative analyses between HCV RNA positive 
and negative we did not find significant differences in 
drug use, blood transfusion, risky sexual practices. Nev-
ertheless, male gender and family history of cirrhosis 
had a bigger frequency in the HCV RNA positive group 
when it was compared with the HCV RNA negative 
group (53.75 vs. 46.25%, p value 0.002 and 58.42% vs. 
41.58%, p value: 0.03; respectively). The distribution 
of hepatitis risk characteristics and viral genotypes 
detected in the positive sero-prevalence subsample 
(N=1681, 1.5%) is shown in table II.
 As an exploratory analysis, in one hand we evalu-
ated the prevalence of viral genotype in all geographic 
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areas of Mexico where the most frequent genotype de-
tected in all geographic areas of Mexico was genotype 
1/subtype 1A (33%) followed by genotype 1/subtype 
1B (21.4%), and genotype 2/subtype 2A (8.50%). On 
the other hand we evaluated the prevalence of viral 
genotype by hepatitis risk characteristics, where the 
viral genotype 1 was the most frequent in the individuals 
with tattoos or piercings, and among individuals who 
declared having used drugs (Pearson´s chi2(1)=11.1239, 
Pr = 0.001, Pearson´s chi2(1) = 8.7961, Pr =0.003, respec-
tively). No significant difference was observed for blood 
transfusion, family history of cirrhosis and risky sexual 
practices. Also in our study population we observed that 
blood transfusion was the most frequent hepatitis risk 
factor in the North area (50.77%) and less frequent in 
Pacific and South areas (9.37%). Drug use, risky sexual 
practices, and tattoos and piercings were the most fre-
quent risk characteristics in the Center area. (Data not 
shown)
 Finally, to evaluate our hypothesis about direct cor-
relation between observed viral load and viral genotype, 
we found a significant linear positive correlation for the 
highest viral load and viral genotype 1 with a R2 of 80%. 
(Figure 1)

Discussion

In Mexico, several studies have been conducted to deter-
mine HCV seroprevalence, among different populations; 
this has been matter of relatively extensive research. 
However, data are scarce regarding population based 
studies.10,13-15 Therefore, we re-addressed this problem 
and conducted this study. The findings about HCV sero-
prevalence, virus prevalence and genotyping contribute 
to the external validity of these results, because they 
correlate with previous studies that describe the same 
risks characteristics for hepatitis C.8,15 However, to have 
relatives with cirrhosis is a new factor that had not been 
observed previously in a Mexican study.
 Regarding the geographic distribution of HCV 
infection in this study, it reinforces what has been re-
corded in Mexico at various times by several authors. 
9,10,13,16,17 This is even though there have been different 
study designs where regions North, Center, and the 
greater metropolitan area in the country are the main 
focus of public health attention to care for prevention 
of disease and opportune diagnosis and treatment of 
affected people.
 Acknowledging the limiting effect of indetermi-
nate genotyping results, the most frequent genotype 
detected in the population assessed was genotype 1/
subtype 1A followed by genotype 1/subtype 1B, and 
genotype 2/subtype 2A. These results are in agreement 
with those previously reported.16,17 Also, we observed 
a substantial correlation between highest viral load 
and HCV genotype 1. The higher correlation between 
viral load and genotype 1, may contribute to the poor 
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response to treatment against HCV chronic infection.18 
These results could help to monitoring of new strategies 
of treatment especially among patients with genotype 
1 and contribute to diminish the economic burden of 
hepatitis C in Mexico.18

 The notification network established during this 
investigation is noteworthy to mention, as it has been 
structured with physicians, who are at primary care 
clinics, with a role of “sentinel physicians”. In order to 
complement the network, the “local observatories” or 
“sentinel areas” (services of the Family Medicine Units) 
are the places where the information notified by the 
sentinel physicians is captured and sent to the “central 
registry facility” (National Institute of Public Health of 
Mexico) to process the information of the local observa-
tories. The three levels integrate the sentinel notification 
network.
 Thus, the components for the application of the 
sentinel event and the network of notification are the 
following:19,20 active participation of the services of 
the primary care units; determination of a situation 
of clearly identifiable disease in its users; definition of 
the determining processes; availability of a system of 
monitoring for the harvesting of valid information; its 
analysis and diffusion, and implementation of an effec-
tive strategic intervention.
 Despite the non-homogeneous distribution of our 
sample and lack of representativity of the samples col-

lected from 19 Mexican states, our results contribute 
to have a better knowledge about seroprevalence and 
genotype distribution of HCV in a sizable sample of the 
Mexican population.
 In the present sentinel surveillance study of hepati-
tis C virus, an additional interest was the identification 
of users of the services of Family Medicine Units, that 
have at least a known risk factor of infection by HCV, 
to evaluate the frequency of the infection in this group 
and to detect those individuals that present with chronic 
infection to give opportune treatment and to prevent 
their evolution towards cirrhosis or hepatocellular 
carcinoma.
 The detection of hepatitis C has been greatly 
impacted by mandatory screening of blood donors in 
most countries in the world,21 although intravenous 
drug use continues to be a major source of infection, 
including Mexico,22,23 where additionally the main risk 
characteristics are blood transfusion and probably to 
have relatives with cirrhosis. Public education regard-
ing the risks of exposure to infecting paraphernalia as 
well as household items such as razors is necessary in 
the continuing effort to curb this disease.
 Finally, a public health message derived from this 
study and other recent ones9,17 is about the awareness 
due to HCV infection in the Mexican population requir-
ing prompt intervention at the community level, to 
control and prevent further evolution of the problem. In 

Table 1I

Prevalence of hePatitis risk characteristics and viral genotyPes in the elisa Positive

N =  1681 PCR negative
869 (51.70)

PCR positive
812 (48.3) p value

Gender (%)
Male 46.25      53.75      0.002

Blood transfusion (%) 64.18      35.82 0.12

Drugs (%) 62.24      37.76 0.92

Risky sexual practices (%) 63.13      36.88 0.91

Family history of cirrhosis (%) 41.58 58.42 0.03

Tattoos and piercings (%) 59.89      40.11 0.20

Viral genotype
1A
1B
2A
2B
3A
Indeterminate

-

268(33.00%)
147(18.10%)
73(8.99%)
69(8.50%)
44(5.42%)
211(26%)

-

Relative frequencies (Chi2 test) for qualitative variables. This study was carried out from January 2006 through December 2009 at family medicine clinics in 
Mexico. Female group was the reference group.
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ample terms, specific measures might include sustained 
quality surveillance of blood donation, availability in the 
public health sector of anti-viral treatment for infected 
people, an effective program for the provision of ster-
ile syringes and needles among drug users, screening 
of pregnant women with risk characteristics for HCV 
acquisition to avoid vertical transmission of the virus 
and even reinforcing proper condom use for people 
with high risk sexual practices. Therefore, the early 
detection of the infection and the appropriate therapy 
are of extreme importance to reduce viral transmission, 
morbidity and mortality in the afflicted population.
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