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INTRODUCTION
Hepatitis B virus (HBV) is an important cause of  
morbidity and mortality worldwide. It is estimated that 
2 billion people are infected with HBV and 350 million 
individuals suffer from chronic HBV infection in the 
world[1,2]. Chronic HBV infection may lead to hepatic 
fibrosis, cirrhosis and hepatocellular carcinoma (HCC)[3]. 
In addition, HBV infection is the 10th leading cause of  
death worldwide[1]. HBV is a hepadnavirus that possesses a 
double stranded DNA genome[4]. The genetic organization 
of  HBV has been described elsewhere[4]. Briefly, HBV 
genome consists of  four partly overlapping open reading 
frames: S that encodes for envelope proteins (HBsAg), C 
for core protein (HBcAg) and e antigen (HBeAg), P for 
polymerase protein and X for transcriptional transactivator 
protein[4]. Based on sequence divergence of  the entire 
genome of  > 8%, HBV genomes have been classified 
into 8 genotypes designated A to H[5, 6]. The distribution 
of  HBV genotypes is geographically restricted. In the 
American continent, HBV genotypes A and C are common 
in the USA[7,8], while genotype F is predominant in Central 
American countries[9]. In Europe, HBV genotype D is 
prevalent in Mediterranean Europe[10], while genotype A is 
frequent in Northwest Europe[11]. In the African continent, 
HBV genotype E is common in the Sub-Saharan Africa[12], 
and genotype A in South Africa[13]. In the Asian continent, 
HBV genotypes B and C predominate in south east 
countries[14-16], while genotype D is prevalent in central 
Asia[17]. Reports indicate that HBV genotypes are related 
with the severity of  liver disease. HBV genotype C has 
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Abstract
AIM: To determine the genotypes in Mexican hepatitis B 
virus (HBV) isolates and characterize their precore and 
core promoter mutations.

METHODS: Forty-nine HBV isolates of Mexico obtained 
from sera of 15 hepatitis patients, 6 hemodialysis pa-
tients, 20 men seeking HIV testing, and 8 AIDS patients 
were analyzed. HBV isolates were amplified by PCR, 
and genotyped by line probe assay (INNO-LiPA HBV 
Genotyping; INNOGENETICS N V, Ghent, Belgium). 
HBV genotype confirmation was performed by DNA 
sequencing part of the sAg region. Precore and core pro-
moter mutation characterization was performed by line 
probe assay (INNO-LiPA HBV PreCore; INNOGENETICS N 
V, Ghent, Belgium).

RESULTS: Overall, HBV genotype H was found in 37 
(75.5%) out of the 49 isolates studied. HBV genotypes 
G, A, and D were found in 5 (10.2%), 4 (8.2%), and 3 
(6.1%) isolates, respectively. HBV genotype H was pre-
dominant in isolates from hemodialysis patients (100%), 
hepatitis patients (80%), and men seeking HIV test-
ing (75%), and accounted for half of infections in AIDS 
patients (50%). Six (12.2%) out of the 49 HBV isolates 
showed both wild type and mutant populations at pre-
core codon 28. These mixed wild type and precore mu-
tant populations were observed in one HBV genotype A 
isolate and in all HBV genotype G isolates. A dual variant 
core promoter mutation was observed in 1 (2%) of the 
isolates, which was genotype H.

CONCLUSION: HBV genotype H is highly predominant 
in HBV isolates of Mexico followed by genotypes G, A 
and D. A low frequency of precore and core promoter 
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been associated with the development of  liver cirrhosis 
and hepatocellular carcinoma[14,18-21]. In addition, HBV 
genotypes are related with the response to antiviral therapy. 
Asian studies have shown that compared to HBV genotype 
B, genotype C has a lower response to interferon alpha 
(IFN-α) therapy[22,23]. A recent European randomized trial 
showed that patients infected with HBV genotypes A and 
B respond significantly better to pegylated IFN-α-2b alone 
or in combination with lamivudine than patients infected 
with HBV genotypes C and D[24]. Mutations in the precore 
and core promoter regions of  HBV have been also related 
with genotypes. Precore and core promoter mutations have 
been observed mainly in HBV genotypes D and B[25-27], as 
well as A and C[25,28,29], respectively.

Little is known about the molecular epidemiology of  
HBV in Mexico. A previous study on HBV genotypes 
published in 1998 showed that HBV genotype F is 
predominant in Mexico[30]. However, more recently it was 
discovered that HBV genotype F is divergent[31], to the 
extent that a new genotype is split off  from genotype F, 
this new genotype has been designated as HBV genotype 
H[9]. Thus some divergent strains formerly classified 
as HBV genotype F could now be classified as HBV 
genotype H. Therefore, in order to obtain an updated 
classification we sought to determine the HBV genotypes 
and characterize the precore and core promoter mutations 
in HBV isolates of  Mexico.

MATERIALS AND METHODS
HBV isolates
Forty-nine HBV isolates of  Mexico were analyzed. HBV 
isolates were obtained from serum samples of  15 hepatitis 
patients, 6 hemodialysis patients, 20 men seeking HIV 
antibody testing, and 8 AIDS patients. All samples were 
collected in Mexico City and Guadalajara City; both cities 
are located in central Mexico. Participants were of  Mestizo 
ethnicity. All samples were HBsAg positive. HBeAg, anti-
HBe, and HBV DNA levels were not determined. Men 
seeking HIV antibody testing came from a high risk 
population for sexually transmitted infection acquisition. 
Seropositivity for anti-HBc among them (30.4%) was 
associated to men who had sex with men exclusively and 
seropositivity for both HIV and herpes simplex virus  
type 2[32]. 

HBV DNA detection and genotyping
HBV DNA was extracted from 200 μL of  serum by 
using the high pure PCR template preparation kit (Roche 
Applied Science, Penzberg, Germany) as recommended 
by the manufacturer. HBV DNA was amplified with HBV 
pol gene domain B and C primers (INNO-LiPA HBV DR 
amplification, INNOGENETICS N. V., Ghent, Belgium) 
by nested PCR as described in the product insert. Primer 
sequences were used as previously described[33]. PCR 
conditions were as follows: 40 cycles at 94℃ for 30 s,  
at 45℃ for 30 s and at 72℃ for 30 s. HBV genotyping 
was perfor med by INNO-LiPA HBV genotyping 
(INNOGENETICS N. V., Ghent, Belgium) following the 
manufacturer’s instructions. 
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Sequence analysis was done directly on the second 
round PCR products using the big dye terminator V3.1 
cycle sequencing kit of  Applied Biosystems. Sequencing 
PCR was performed for 25 cycles (at 95℃ for 10 s, at 
50℃ for 5 s, at 60℃ for 4 min) and purified on a sephadex 
column. Three μL dextran blue/deionised formamide 
loading buffer was added to the dried pellet and 1 μL 
was then loaded on a 4.5% acrylamide slab gel. After 
electrophoresis of  14 h on the automated sequencer 
ABI377, data analysis was done using software sequencher 
4.1.2.

HBV precore and core promoter mutation characterization
HBV DNA was additionally amplified with basal core 
promoter and precore primers (INNO-LiPA HBV PreCore 
amplification, INNOGENETICS N. V., Ghent, Belgium) 
by nested PCR as recommended by the manufacturer. 
Primer sequences were used as previously described [25]. 
PCR conditions were as follows: 40 cycles at 94℃ for 30 s,  
at 50℃ for 30 s and at 72℃ for 30 s. Characterization of  
precore mutations was performed by INNO-LiPA HBV 
precore (INNOGENETICS N. V., Ghent, Belgium) 
according to the manufacturer’s instructions. This method 
could identify nucleotide polymorphism at nt 1762 and nt 
1764 in the basal core promoter and at codon 28 in the 
precore region of  HBV[34].

RESULTS
HBV genotyping by INNO-LiPA
For all the 49 HBV isolates, INNO-LiPA HBV genotyping 
assay was able to provide a genotype result. HBV genotype 
H was found in 36 (73.5%) out of  the 49 isolates studied, 
while HBV genotypes G, A, D and F were found in 
5 (10.2%), 4 (8.2%), 3 (6.1%) and 1 (2.0%) isolates, 
respectively.  

HBV genotyping by DNA sequencing
Thirty-two out of  the 36 isolates of  HBV genotype H, all 
5 isolates of  genotype G, and only 1 isolate of  genotype 
F genotyped by INNO-LiPA were selected for DNA 
sequencing confirmation. All 32 isolates of  genotype 
H and all 5 isolates of  genotype G were confirmed by 
phylogenetic analysis of  the HBsAg sequences. However, 
sequencing and subsequent phylogenetic analysis of  the 
HBV genotype F showed a genotype H. This was caused 
by a single nucleotide mismatch with the probe on line 
11 of  the INNO-LiPA HBV genotyping, abolishing 
the reaction with this probe. This in turn led to a single 
reactivity with the genotype F probe on line 15. When we 
compared the HBV genotype H sequences obtained in 
this study with other published sequences by means of  
the phylogenetic program PHYLIP, we found that our 
sequences formed two separate branches within genotype 
H (Figure 1). 

Thus, the final adjusted prevalences of  HBV genotypes 
were 37 isolates (75.5%) of  genotype H, 5 isolates (10.2%) 
of  genotype G, 4 isolates (8.2%) of  genotype A, and 3 
isolates (6.1%) of  genotype D. HBV genotype H was 
predominant in the hepatitis patients, men seeking HIV 



testing, and hemodialysis patients, and accounted for half  
of  infections in AIDS patients (Table 1). Since the number 
of  HBV isolates analyzed in some groups was very small, 
we were unable to provide statistical evidence for the 
distribution of  HBV genotypes within the groups. 

HBV precore mutations
In the precore region, 41 (83.7%) isolates showed wild 
type (G) sequence at nucleotide 1896, 6 (12.2%) had a 
mixture of  wild type and G1896A mutation, and 2 had an 
indeterminate sequence (Table 2). Mixed wild type and 
precore mutant populations were observed in only one 
isolate of  HBV genotype A but in all isolates of  HBV 
genotype G. Statistical analysis showed that the frequency 
of  mixed wild type and precore mutant populations was 
significantly higher (P = 0.04) in isolates of  HBV genotype 
G than in isolates of  HBV genotype A. Mixed wild type 
and precore mutant populations were observed in 10% 

of  isolates from men seeking HIV testing and in 50% of  
isolates from AIDS patients only. The frequency of  these 
mixed wild type and precore mutant populations in AIDS 
patients was significantly higher than that in isolates from 
hepatitis patients (P = 0.007), and men seeking HIV testing 
(P = 0.03). This frequency of  mixed wild type and precore 
mutant populations in AIDS patients was also higher but 
not statistically significant (P = 0.06) than that in isolates 
from hemodialysis patients. 

In the core promoter region, 44 (89.8%) isolates 
had wild type sequence (A at nucleotide 1762 and G at 
nucleotide 1764), 1 (2%) showed the classical dual variant 
(A1762T, G1764A), and 4 (8.2%) had an indeterminate 
sequence. The only one dual variant was found in a sample 
of  a hepatitis patient infected with HBV genotype H. For 
its part, all 4 samples with indeterminate sequences were 
found in hepatitis patients too. Three of  them were found 
in isolates of  HBV genotype H, and in one isolate of  HBV 
genotype D.

DISCUSSION
In this work, we found a predominant frequency of  
HBV genotype H in Mexican isolates. The extremely 
high frequency of  this HBV genotype H in Mexico has 
not been reported before. A previous study in Mexican 
isolates from blood donors and patients with liver disease 
showed infections with only 3 HBV genotypes: A, D and 
F in both populations[30]. Nevertheless, in the present 
study we have found 4 HBV genotypes. It was known 
that HBV genotype F was predominant in Mexico [30], but 
also it was observed that the predominant genotype F in 
Mexico is divergent[31]. These results contrast with those 
found in the present study since HBV genotype H was 
predominant whilst HBV genotype F was not present 
anymore. Genotype H which was discovered recently is 
closely related with genotype F, while genotype H is most 
likely split off  from genotype F[9]. Therefore, a number of  
HBV isolates previously classified as genotype F are now 
classified as genotype H. Thus, it explains the remarkable 
change in HBV genotype distribution in Mexico with 
a predominant circulation of  genotype H. The high 
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Figure1  Phylogenetic tree constructed with HBV sequences representative of 
the eight major genotypes, established using neighbor joining based on Kimura 2 
parameter method. The three HBV genotype H sequences obtained in this study 
are shown and have been assigned as IG94107 (Genbank accession number: 
DQ990454), IG94109 (Genbank accession number: DQ990455) and IG94177 
(Genbank accession number: DQ990456).

Table 1  Distribution of HBV genotypes in the populations 
studied n  (%)

Group of n  Genotypes, n  (%)

subjects A D G H

Hepatitis
patients 15         1 (6.7)          2 (13.3)       0 12 (80)

Men seeking
HIV testing 20        3 (15)     1 (5)       1 (5) 15 (75)

AIDS
Patients   8 0 0       4 (50) 4 (50)

Hemodialysis
patients   6 0 0       0  6 (100)

Total 49         4 (8.2)          3 (6.1)       5 (10.2) 37 (75.5)

Table 2  Prevalence of precore and core promoter variants and 
its correlation with genotypes found in Mexican HBV isolates

Region and variant    n (%) Genotypes
A D G H

(n  =  4) (n  =  3) (n  =  5) (n  =  37)

Precore (nt 1896)

   Wild type (G) 41 (83.7) 3 2 36
   Wild type + 
    variant (G + A)

  6 (12.2) 1 5

   Indeterminate   2 (4.1) 1   1

Core promoter (nt 1762 and 1764)

   Wild type (AG) 44 (89.8) 4 2 5 33
   Dual variant (TA)   1 (2)   1

   Indeterminate   4 (8.2) 1   3
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frequency of  HBV genotype H in this study is the highest 
reported worldwide. Indeed, this genotype has been 
rarely found or not reported at all in most countries[35-39]. 
HBV genotype H has been found only in HBV isolates 
of  Nicaragua, Mexico, USA[9,31,35], and Japan[37,39]. In our 
study, HBV genotype H was predominant in the hepatitis 
patients, men seeking HIV testing, and hemodialysis 
patients. In addition, genotype H was responsible of  50% 
of  infections in AIDS patients. Reports on genotypes 
found in hepatitis patients from other countries remark 
the differences in geographical distribution of  HBV 
genotypes in the world. In the USA and other countries a 
high frequency of  HBV genotype B and C has been found 
in hepatitis patients[40,41]. HBV genotypes B and C have 
been linked to Asian ethnicity[7,35], and the absence of  these 
genotypes in our populations studied reflects the absence 
of  HBV isolates of  Asian origin. Frequencies of  HBV 
genotypes found in men seeking HIV antibody testing are 
difficult to compare since there are not further reports for 
the comparison. Concerning hemodialysis patients, HBV 
genotype H was responsible for all infections in our study. 
This prevalence is clearly different from those found in 
hemodialysis patients of  other countries. For instance, in 
a Turkish study all isolates of  hemodialysis patients were 
genotype D[42], in an Indonesian study all isolates were 
genotype B[43], and in a Brazilian study genotypes A and D 
were the most frequently found[44]. These HBV genotypes 
reported in hemodialysis patients certainly reflect the 
predominant HBV genotypes found in their respective 
countries. For its part, HBV genotype G is responsible 
for half  of  infections in AIDS patients. HBV genotype 
G has been discovered in USA and France isolates by 
Stuyver et al[45]. Interestingly, all HBV genotype G isolates 
were found as single isolates (no co-infections) in our 
study. This finding is unexpected, since HBV genotype G 
is frequently found as a co-infection with HBV genotype 
A[46,47]. The HBV genotype frequencies in AIDS patients 
found in our study differ substantially from those found 
in a Spanish study where researchers found a predominant 
HBV genotype A followed by genotype D among the 
AIDS patients studied[48]. The low frequency of  precore 
mutants in Mexican isolates found in the present study 
confirms a previous observation[30]. In addition, this 
frequency of  precore mutations contrasts with a higher 
frequency observed in the USA and Hong Kong[7,34,49]. 
The distribution of  precore mutations in HBV genotypes 
found in the present study differs substantially from those 
found in other studies. While other researchers have found 
precore mutations in HBV genotypes B, C[50,51], and D[27], 
we have found the mutations only in HBV genotypes 
G and A, being mutations largely predominant in HBV 
genotype G (all HBV genotype G isolates in this study). 
The existence of  precore mutations in HBV genotype G 
has been reported in patients chronically infected with 
HBV[45]. Remarkably, all mutated HBV genotype G isolates 
in this study came from samples of  AIDS patients and 
one of  the men seeking HIV testing. No similar findings 
are reported in AIDS patients. Concerning mutations in 
the core promoter region, it is remarkable that the classical 
dual variant (A1762T, G1764A), and indeterminate sequences 
were observed only in hepatitis patients. The prevalence 

of  core promoter mutations and its distribution in HBV 
genotypes found in this study also differ from those 
reported in other countries. A large study with Hong 
Kong and USA samples showed that the frequency of  
dual variant is 20% and 30.2%, respectively[34], which is 
significantly higher than that found in our study. HBV core 
promoter mutations have been found in HBV genotypes 
A, B C and D[25,29,34]. Nevertheless, these mutations were 
found mainly in HBV genotype H followed by HBV 
genotype D in the present study. Indeterminate sequences 
in precore and core promoter regions as well as the 
change in genotype F in LiPA to genotype H found in the 
Mexican isolates are most probably due to mismatching 
of  the sequences with the probes used. A single mismatch 
is sufficient to abolish hybridization to a probe under the 
conditions of  the assay as previously described[34].

The INNO-LiPA HBV genotyping and precore assays 
have proved to be rapid, sensitive and reliable for the 
detection of  HBV genotypes and precore promotor/
precore mutations.

The genetic variability of  HBV has implications on the 
sensitivity of  immunologic and molecular based assays[5]. 
In addition, HBV genotyping has shown its utility not only 
in epidemiology studies but also in predicting prognosis 
and therapeutic response[6,52,53].

In conclusion, HBV circulates in at least 4 different 
genotypes in Mexico. HBV genotype H is highly 
predominant in HBV isolates of  Mexico followed 
by genotypes G, A and D. The frequency of  precore 
mutations in Mexican HBV isolates is low and associated 
mainly with HBV genotype G. Core promoter mutations 
seem to be rare in HBV isolates of  Mexico. 
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