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Accumulated evidence indicated that hepatitis B virus genotype G (HBV/G) is present exclusively in
coinfection with other HBV genotypes. In Mexico, HBV/G from 6 men who had sex with men were coinfected
with HBV/H. Phylogenetically complete genomes of the 6 Mexican HBV/G strains were closely related to
previous ones from the US/Europe. Using uPA/SCID mice with human hepatocytes, monoinfection with HBV/
G did not result in detectable HBV DNA in serum, whereas superinfection with HBV/G at week 10 inoculated
HBV/H when HBV/H DNA was elevated to N107 copies/mL has enhanced the replication of HBV/G. The HBV/G
was enhanced in another 3 inoculated with a serum passage containing HBV/G with a trace of HBV/H.
Coinfection of mice with HBV/G and H induced fibrosis in the liver. In conclusion, the replication of HBV/G
can be enhanced remarkably when it is coinfected with HBV/H. Coinfection with HBV/G may be directly
cytopathic in immunosuppressive conditions.

© 2008 Elsevier Inc. All rights reserved.

Introduction

On the basis of the nucleotide sequence divergence exceeding 8%
throughout the complete genome sequence, hepatitis B virus (HBV)
has been classified into eight genotypes designated by capital letters A
(HBV/A) through H (HBV/H) (Arauz-Ruiz et al., 2002; Norder et al.,
1994; Okamoto et al., 1988; Stuyver et al., 2000). The genotypes have
different geographical distributions, virological characteristics and
clinical manifestations (Magnius and Norder, 1995; Miyakawa and
Mizokami, 2003).

One of the less studied genotypes is the HBV/G. It was first
described in 2000, among inhabitants of France and Georgia, USA
(Stuyver et al., 2000). The isolated strains had 36 base-pairs' insertion

in the core gene and two stop codons in the precore region depriving
ability of the virus to translate HBeAg. Nevertheless, some of the
carriers were HBeAg positive (Stuyver et al., 2000) that was shortly
after explained by the coexistence of the “HBeAg-potent” HBV/A
strains in coinfection (Kato et al., 2002a,b). Further studies reported
circulation of the genotype in Thailand (Suwannakarn et al., 2005),
Japan (Ozasa et al., 2006) and Mexico (Sanchez et al., 2007) indicating
global distribution and association of the infection with specific risk
groups, such as injection drug users (IDU) and men who had sex with
men (MSM). The studies also demonstrated that throughout theworld
HBV/G strains possess unprecedented genetic homology and are
mainly presented in coinfection with another endemic genotype.
However, little is known about peculiarities of interaction of the HBV/
G with various genotypes as well as about virological and clinical
concerns of the coinfection.

Produced by genetic engineering, a mouse with severe combined
immunodeficiency, carrying urokinase-type plasminogen activator
transgenes controlled by albumin promoter (uPA/SCID) with trans-
planted human hepatocytes (Heckel et al., 1990; Rhim et al., 1994)
was recently shown as an appropriate animal model for studying
HBV (Dandri et al., 2001; Tsuge et al., 2005). Using this model
it was demonstrated that during monoinfection, HBV/G might be
able to replicate in hepatocytes at low level; but its replication was
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significantly enhanced by coinfection with HBV/A or C (Sugiyama
et al., 2007).

Our purpose is to determine the complete sequences of HBV/G
coinfected with HBV/H in sera obtained from MSM in Mexico and to
elucidate the characteristics of HBV/G in coinfectionwith HBV/H using
recently developed in vivo model.

Results

Phylogenetic relatedness of HBV complete genome sequences in Mexico

Six HBV/G strains in coinfection with HBV/H among MSM in
Mexico were described in our previous study (Sanchez et al., 2007). In
the present study, the complete genome sequences of not only 6 HBV/
G strains but also 6 HBV/H strains from the same patients were
determined by each specific PCR. The phylogenetic analyses indicated
that the 6 HBV/G strains were close to those previously reported from
the United States (US), France and Germany, and the 6 HBV/H strains
were related to the previously reported ones in the US (Fig. 1). All 6
coinfected patients were positive for HBeAg, and asymptomatic
carriers of chronic HBV infection at the time of sample collection
(the details unknown).

Characteristics of HBV/G strains in Mexico

Sequence analyses revealed unique insertion of 36 nt in the core
gene, two stop codons in the precore region and double mutation in
the core promoter (CP) in all Mexican HBV/G strains, whereas no
related mutations were found in the corresponding HBV/H strains
(Fig. 2a and b). These data suggest that the HBeAg detected in serum of
those patients had been produced by HBV/H. Additionally, several
mutations, which might have affected the replication of the virus
genomeand amino acid substitutions of HBx,were found in thefirst half
of the CP region, including the above double mutation (nt 1701–1765)
(Fig. 2a).

Examining the genetic diversity and recombination of HBV/G

Comparing the complete sequences, both overall genetic distance
among the HBV/G strains (0.0037±0.0005 per site) and percent
nucleotide homology (0.30±0.24%) were much lower than those
among the other intra-genotype groups. In consideration of pre-
viously reported recombination between HBV/A and HBV/G strains
(i.e. AB056516) (Kato et al., 2002a), we have examined the Mexican
HBV/G strains for possible event of intergenotypic recombination.
Complete sequences of 3 to 5 clones isolated from each of the 6 HBV/G
carriers revealed; no evidence of recombination by similarity and
bootstrap scan (data not shown).

Intracellular expression of HBV DNA and antigens

Huh7 cells were transfected with a pUC19 vector carrying 1.24-fold
the HBV genome. Three days post-transfection, they were harvested,
lysed with NP-40 and tested for HBV DNA and antigens. The density of
single-stranded (ss) HBVDNAwas compared between HBV/G andH by
Southern blotting. The expression of HBV DNA was higher for HBV/H
than G, indicating that HBV/G had very low replication in vitro (Fig. 3a).
As well, HBsAg, HBeAg and HBcrAg levels were much higher in HBV/H
(Fig. 3b).

Superinfection with HBV/G on mice infected with HBV/H

Chimeric mice were infected with HBV/G and H particles prop-
agated in Huh7 cells in order to confirm the infective efficiency.
Monoinfection with HBV/G from the Huh7 cells culture medium did
not result in detectable HBV DNA in mice serum (data not shown).

Then, according to our previous method (Sugiyama et al., 2007),
the dynamics of HBV DNA, HBsAg and HBeAg assessed in 3 chimeric
mice (ChiM_H1–H3) with HBV/G on H superinfection, are shown in
Fig. 4 (a–c). Initially each of the mice received inoculation of around
105 copies of HBV/H recovered from the Huh7 cells culture super-
natants, and the dynamics of HBV/H DNA indicated approximately
2 logs elevation within the following 5 weeks. At week 10 when
HBV/H DNA level exceeded concentration of N107 copies/mL, the
chimeric mice were superinfected by inoculation of HBV/G. The
HBV/G DNA level increased within 5 weeks after the superinfection
and plateaued around 107 copies/mL. Two HBV antigens (HBsAg
and HBeAg) waxed and waned in profiles similar to that of HBV
DNA.

Fig. 1. A phylogenetic tree constructed using the complete nucleotide sequences of 50
HBV strains. The 6 HBV/G strains coinfected with HBV/H in Mexico (MEX), shown in
bold italic, were compared with reference sequences recruited from GenBank/DDBJ/
EMBL databases; 10 HBV/G, 7 HBV/H, 13 HBV/F, 7 representing genotypes A–E and 1
outgroup (Wolly Monkey). Aa and Ae are subgenotypes of HBV/A (Sugauchi et al., 2004).
Ba and Bj are subgenotypes of HBV/B (Sugauchi et al., 2002). The country of origin is
indicated after the accession number for each HBV/F, HBV/H and HBV/G strain.
Bootstrap values are shown at the nodes of the main branches.
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