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Genotypes and subtypes

Based on an 8% nucleotide divergence (Okamoto et
al. 1988 ; Norder et al. 1992a, 1992b), there are 6 geno-
types of HBV, which tend to be distributed geographi-
cally. Four fundamental antigenic subtypes and 5 other
sub-subtypes are antigenically defined, based on amino
acid substitutions in the S protein. Residues 122 and 160
are critical, but variants such as at aalS9 and 126/127
allow full antigenicity (Norder et al. 1992a, 1992b).
Genotypes and subtypes probably evolved in ethnic
backgrounds over censures ; the selection pressure is
unknown. The clinical importance (see below) of a
variant of HBsAg may be different depending upon the
subtype backbone. The genotypes do not appear to have
any replication advantage over each other or different
pathogenic potential, although there are hints that sub-
type adr may lead more often to long term carriage
(Shiina ef al. 1991) and genotype D may be associated
with fulminant hepatitis more commonly than predicted
from its prevalence in chronic carriers (M. Yasmin PhD
thesis, 1997).

The biological significance of S variants of HBV
The S gene

The envelope proteins of HBV are three : large, mid-
dle and small. The small protein is also known as
HBsAg. There is a region between aa 100 to 160 termed
the major hydrophilic region (MHR), to which most of
the anti-HBs stimulated by vaccine binds. Variants of
this region have been well described in three clinical sit-
vations, described below.

Vaccine related escape variants of HBsAg

In studies of vaccinated children born to HBeAg pos-
itive mothers, about 15% become anti-HBc positive
(evidence of infection, past or present). A proportion of
these will be HBsAg positive ie they are carriers. About
a half of those are infected with variants of the MHR, the
most consistently observed being G145R (glycine to
arginine at aal45 of HBsAg ; Carman ef al. 1990). The
mothers often have 145G, but a significant proportion
have a minority species of R145. The four popula-
tion-based studies from Singapore (Oon et al. 1995),
Indonesia, the UK (Ngui et al. 1997) and the USA
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(Nainan et al. 1997) have had remarkably similar
results.

Overall, around 15% of infants become infected and,
of those, between 10 and 40% have S variants. There are
also a number of individual case reports describing vari-
ants in vaccinated infants, mostly from the Far East
(Okamoto et al. 1992a ; Fujii et al. 1992 ; Hino et al
1995). The USA study showed, overall, that 0.8% % of
vaccinated children born to HBeAg positive mothers
were infected with 145R ; the other 4% with break-
through were infected with 145G. Other variants also
appear but, unlike 145R, often rapidly revert to the strain
seen in the mother, indicating that 145R is not only
replication competent, as shown in chimpanzees (Ogata
et al. 1997), but its altered antigenicity gives it a signifi-
cant survival advantage over 145G. Vaccination at birth
is an ideal situation for selection of escape variants,
being similar to liver transplantation, where high titre
anti-HBs preparations (HBIG ; see below) is adminis-
tered to prevent graft infection (Cariani et al. 1995 ;
Hawkins et al. 1996 ; Carman et al. 1996). So far, vari-
ants have not been seen in children exposed to carriers
(family and other close contacts). Much of the anti-HBs
response is directed towards the second loop of the
MHR, so it is expected that variants in this region arise
after such highly focused immune pressure. I am con-
vinced that the failure of the passive/active immunisa-
tion protocol to control variant infection is due to altered
antigenicity. Perhaps the emergence of this variant is the
result of an imbalance between the humoral and cyto-
toxic T cell immune responses. In acute infection, when
variants do not become dominant, there is always a
strong cytotoxic T cell response. It is not known if there
is any specific host factor that predisposes individuals to
selection of G145R. Phylogenetic analyses (J. Wilson et
al., unpublished observations) indicate that R145 strains
from around the world are not closely related, so they
can arise from almost any background. However, selec-
tion of G145R in some strains leads to a translational
stop codon in the overlapping polymerase protein.
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Most cases have occurred in children with a low level
of anti-HBs and the chimpanzee experiments indicate
that high titres protect against infection with this variant
(Ogata et al. 1994). We do not know whether the lower
levels of immunity often seen in immunocompromised
and older vaccinated patients will be aufficient to pre-
vent infection. As 145G infection does occur in vacci-
nees with low levels of immunity, poorly immunised
people may have even greater susceptibility to HBV
variants.

There are a number of crucial questions. First is the
current prevalence. Naturally occurring R145 strains
have been reported (Carmen et al. 1995a ; Yamamoto et
al. 1994 ; Nainan et al. 1997). On the other hand, large
screening studies in Papua New Guinea, Sardinia and
South Africa (Carmen et al. 1997b) failed to detect it.
The second is whether there will be secondary spread in
unvaccinated and vaccinated subjects. Unfortunately,
this cannot be determined until the current generation of
infected children reach sexual maturity. However, math-
ematical modelling (Wilson et al. 1998) indicates it will
become the dominant viral strain. It will take a long time
to emerge because, although highly contagious, HBV is
not very infectious. However this slow shift means it
will also take several decades to eradicate them, even
with cross-reactive vaccines, because of the chronic
nature of the infection. Third, how often will it cause
disease 7 145R definitely causes chronic hepatitis ; the
first reported vaccinated case was HBeAg positive and
had chronic hepatitis. Whether novel vaccines such as
those containing pre-S epitopes will resolve the issue is
hard to predict ; however, one study in Indonesia would
indicate not, as the incidence of vaccine variants in the
MHR was just as high, even in the absence of HBIG
administration (pressure) (Surya et al. 1996)

HBsAg variants and diagnostic assays

There are two possibilities to explain discrepancies in
HBsAg reactivity between commercial assays. First,
there may be very low levels of HBsAg. Second, they
have variant sequences which are not recognised by the
utilised antibodies. There are some good examples of
variants that are not recognised by some commercial
HBsAg assays. The most dramatic are insertions in the
region between cysteines at aal21 and 124 (Carmen et
al. 1995a; Yamamoto et al. 1994 ; Hou et al. 1995).
These appear to also have antigenic effects on distant
epitopes within the MHR, explained by the interleaved
nature of the linear and discontinuous epitopes in this
antigenically complex region. It is not known whether
these insertions affect neutralisation, so they may not be
vaccine-related. Studies are only beginning to address
the antigenic importance and epidemiology of such vari-
ants. However, it is clear that the harder one looks, the
more will be found. For example (Carmen et al. 1997b)
out of 2000 antenatal clinic attendees in Papua New
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Guinea, 5% of HBsAg positive subjects were negative in
a widely used monoclonal based assay yet PCR positive.
Over 50% of these discordant samples had rare or
unique variants of the MHR.

HBsAg variants and HBIG therapy

The combination of high titre antibody (HBIG), low
titre virus and a large number of susceptible cells (the
new liver) is an ideal breeding ground for mutants. One
can consider four scenarios after transplantation for
chronic HBV. First, HBIG therapy is successful and
patients are PCR negative. Second, patients receive
HBIG but it is withdrawn because of side effects :
mutant selection seems to be uncommon. Third, patients
become HBsAg positive on therapy : such patients usu-
ally develop mutations in putative neutralising epitopes.
G145R is by far the commonest variant observed to arise
in this situation. It appears to arise de novo, because 1t is
not often seen in the pre-transplant sample (Carmen et
al. 1996 ; Protzer-Knolle et al. 1998). Withdrawal of
HBIG often leads to reversion to the pre-transplant
sequence (Ghany ez al. 1998), intimating that the new
viruses are not replicatively as efficient. It has been
shown that HBIG does not bind to the selected viruses.
Fourth, patients are PCR positive, but HBsAg negative,
during therapy. Sometimes, a mutation that could effect
secretion of HBsAg or has very significant effect on
antigenicity is seen. Some approaches to diminish this
selection pressure are to add nucleoside analogues such
as lamivudine to HBIG or to add monoclonal antibodies
which bind to the most important mutants along with
HBIG. With the recent move to reduce use of human
plasma derived products, monoclonal antibodies will
probably become increasingly important.

Deletions and insertions in the pre-S regions during
HBIG therapy can occur (Trautwein et al. 1996). Studies
are underway to examine their in vitro effect and
whether there is a significant amount of anti-pre-S in
HBIG preparations.
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