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Mutants in the precore, core promoter, and core regions  
of Hepatitis B virus, and their clinical relevance
Alexandra	Alexopoulou

SUMMARY

Molecular virology methods including polymerase chain re-
action, sequencing and cloning were a revolution in our un-
derstanding about the viral genomes. In the case of hepati-
tis B virus (HBV), sequencing studies have resulted in the 
identification of a number of virus variants normally found 
during the natural course of infection, or arising as a result 
of medical intervention. Examples are the precore and the 
basic core promoter (BCP) variants, others affecting the en-
hancer II (EnII) region, as well as various deletion variants 
found in immunocompromised individuals. The appearance 
of precore/ core gene and BCP variants heralds the initiation 
of the seroconversion phase from HBeAg to anti-HBe. The 
above variants have been studied in detail in different set-
tings of HBV infection such as acute or fulminant hepatitis, 
chronic hepatitis with high viremia levels and in immuno-
compromised individuals. The existence of the variants was 
associated with the clinical severity, prognosis of liver disease 
and the response to treatment. However, the mechanisms of 
their selection and clearance remain to be defined. 
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1. INTRODUCTION 

HBV	isolates	exhibit	significant	variation	that	may	in-
volve	up	to	12%	of	the	virus	nucleotide	sequence.	There	

are	natural	variants	consisting	the	serological	subtypes	
and	genotypes	of	the	virus.1,2	Various	populations	of	vi-
ral	strains	found	in	a	single	host	are	referred	to	as	quasi-
species.	Such	quasispecies	populations	are	common	in	
RNA	viruses.3	Although	HBV	is	a	DNA	virus,	it	is	sim-
ilar	to	RNA	viruses	since	it	replicates	through	an	RNA	
intermediate	which	is	reverse	transcribed.	It	is	vulnera-
ble	to	a	high	number	of	mutations,	and	it	circulates	as	a	
population	of	quasispecies.4	However,	the	potential	for	
multiple	mutations	is	limited	by	the	strict	genomic	orga-
nization	of	the	virus.	The	virus	has	4	overlapping	open	
reading	frames	(ORFs)	and	regulatory	elements	of	tran-
scription,	replication	and	encapsidation	within	these	ORFs.	
For	example,	the	surface	open	reading	frame	(S)	is	entire-
ly	overlapped	by	that	encoding	the	polymerase	(P).	Any	
nucleotide	change	that	leads	to	loss	of	function	of	either	
protein	will	be	deleterious	to	the	virus	and	therefore	lost.	
However,	some	point	mutations	may	have	not	any	obvious	
effect,	either	because	the	nucleotide	change	may	not	result	
in	an	amino	acid	change	or	because	the	change	does	not	
affect	functional	structures	of	the	RNA	or	protein.	Some	
of	these	silent	mutations	may	be	part	of	the	quasispecies	
pool.	Some	of	these	variants	are	subsequently	selected	by	
the	host	immune	response.	

2. GENOMIC CHARACTERISTICS  
OF THE PRECORE/CORE GENE

The	precore/core	ORF	has	two	initiation	(AUG)	co-
dons,	which	lead	to	the	synthesis	of	two	proteins.	Initiation	
of	translation	at	the	first	AUG	results	in	the	synthesis	of	the	
precore/core	protein,	the	precursor	of	HBeAg,	whilst	the	
second	initiation	codon	is	utilised	for	the	synthesis	of	the	
nucleocapsid	or	core	protein	(HBcAg).	The	two	proteins	
are	synthesised	from	different	messages	known	as	the	pre-
core	mRNA	and	pregenomic	RNA	(pgRNA)	respectively.	
Once	it	is	synthesised,	the	precore/core	protein	is	target-
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ed	to	the	endoplasmic	reticulum	(ER)	by	a	19	amino-acid	
signal	peptide	at	its	amino-terminus	(5).	Cleavage	of	this	
peptide	releases	the	remainder	of	the	protein	into	the	ER	
lumen,	where	further	processing	of	the	carboxy-terminus	
results	in	the	removal	of	about	34	amino-acids	from	this	
end.	What	remains	is	HBeAg,	which	is	released	from	the	
cell.	HBeAg	retains	10	amino-acids	from	the	precore	re-
gion	and	shares	the	remaining	149	with	HBcAg.	The	anti-
genic	epitopes	are	different	between	the	two	proteins,	be-
cause	of	conformational	changes	in	HBeAg	protein.

HBeAg	is	conserved	within	all	members	of	the	he-
padnavirus	family.	In	the	neonate	born	to	an	HBV-infect-
ed	mother,	it	has	been	suggested	that	HBeAg	crosses	the	
placenta	and	induces	tolerance	(6).	HBeAg	may	also	have	
an	immunomodulatory	function	during	infection	in	adult	
life	as	it	suppresses	T-helper	cells	(Th)	so	that	elimination	
of	HBV-infected	cells	does	not	occur.	

HBcAg	forms	the	nucleocapsid	of	the	virus.	The	core	
protein	assembles	into	particles	that	simultaneously	encap-
sidate	the	pgRNA	with	a	copy	of	the	viral	polymerase.	En-
capsidation	is	initiated	by	the	binding	of	the	polymerase	to	
a	stem-loop	structure	at	the	5’	end	of	the	pgRNA	known	
as	the	encapsidation signal or ε	(Fig. 1).	This	signal	is	es-
sential	not	only	for	the	packaging	of	the	pgRNA	but	also	
for	the	initiation	of	reverse	transcription.

3. GENOMIC CHARACTERISTICS OF THE 
CORE PROMOTER REGION

The	core	promoter	(CP)	of	the	viral	genome	plays	an	
important	role	for	HBV	replication	as	it	directs	initiation	

of	transcription	for	the	synthesis	of	both	the	precore	and	
pgRNAs.	The	CP	consists	of	the	BCP	and	upstream	reg-
ulatory	sequences.7	The	BCP	overlaps	with	the	3’	end	of	
the	X	ORF	and	the	5’end	of	the	precore	region,	and	con-
tains	cis-acting	elements	that	can	independently	direct	
transcription	of	the	precore	mRNA	and	pgRNA.8	(Fig.2).	
The	pgRNA	is	translated	into	the	core	and	polymerase	pro-
teins,	but	in	addition	serves	as	the	template	for	the	syn-
thesis	of	the	negative	DNA	strand	of	the	virus	by	reverse	
transcription	after	encapsidation	within	the	core	particle.	
The	precore	transcript,	which	is	slightly	longer	than	the	
pgRNA	and	is	initiated	upstream	of	the	precore	start	co-
don,	is	the	template	for	the	translation	of	the	precore/core	
protein	that	produce	HBeAg,	as	already	described.	

The	enhancer	II	(EnII)	element	regulates	the	activity	
of	the	CP	and	partially	overlaps	with	it	and	its	upstream	
regulatory	sequences	(Fig. 2).	The	region	also	contains	
nucleotide	motifs	constituting	transcription	factor	bind-
ing	sites.9	

4. PRECORE VARIANTS

In	Mediterannean	countries,	the	majority	of	patients	
with	HBV	infection	harbour	the	precore	mutant	virus.10,11	
A	point	mutation	from	G	to	A	at	position	1896	(G1896A	
or	A1896)	of	the	precore	region	which	converted	the	TGG	
codon	for	tryptophan	(codon	28)	to	TAG,	a	translation-
al	stop	codon,	abrogates	hepatitis	B	e	antigen	(HBeAg)	
production	whereas	core	antigen	is	normally	produced.	
These	patients	are	anti-HBe	positive	with	high	levels	of	
HBV	DNA.12	This	is	by	far	the	commonest	substitution	

Figure 1. Location and nature of the mutation stabilising the secondary structure of pregenomic encapsidation signal in genotypes non-A.
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encountered	in	anti-HBe	positive	patients.	Other	mutations	
that	have	the	same	phenotypic	effect	are	loss	of	the	pre-
core/core	protein	translation	start	codon	(ATG	to	ACG	or	
CUG)13,14	mutation	of	the	second	codon	to	a	stop	codon,	
and	frameshifts	and	deletions	resulting	in	the	synthesis	of	
nonsense	proteins.15,16	Further	point	mutations	and	stop	
codons	are	rare	because	such	mutations	would	destabi-
lise	the	secondary	structure	of	the	e	encapsidation	signal	
(Fig. 2).	Two	further	mutations,	A189817	and	A189918,	are	
strongly	linked	with	the	T1856	and	A1896,	respectively.	
These	associations	are	likely	to	be	related	to	encapsidation	
signal	secondary	structure	requirements,	but	whether	they	
have	clinical	relevance	remains	unclear	even	after	years	
of	inquiry.	A1899	is	primarily	seen	(with	rare	exceptions)	
together	with	A1896,	and	in	early	studies,	it	was	linked	
with	severe	disease.	However	subsequent	work	has	failed	
to	confirm	this	association.19	

A	significant	proportion	of	chronic	hepatitis	patients	
in	Mediterranean	countries20	and	in	the	Far	East21	are	in-
fected	with	HBeAg-negative	variants;	it	appears	that	this	
clinical	picture	has	become	the	most	common	new	pre-
sentation	of	chronic	hepatitis	B	in	Italy	and	Greece.	In	
Gambia	and	Brazil,	22	23	as	well	as	Northern	Europe,	there	
is	low	prevalence	of	the	precore	stop	codon	mutation	in	
anti-HBe	positive	patients.	These	findings	may	relate	to	
the	prevalent	HBV	genotypes	that	circulate	in	these	popu-
lations.	Epidemiological	studies	of	geographical	distribu-
tion	of	genotypes	demonstrated	an	association	of	mutant	
strains	of	HBV	with	certain	genotypes.2

A	part	of	e	signal	is	base	paired	due	to	bond	forma-
tion	between	nucleotide	3	of	codon	15	(CCC)	(nt	1858)	

and	nucleotide	2	of	codon	28	(TGG)	(nt	1896)24,25	(Fig. 2).	
However	in	genotype	B,	C	and	D,	nucleotide	3	of	codon	
15	is	a	T	(CCT)	which	in	its	turn	favors	the	replacement	
of	G	by	an	A	in	nucleotide	2	of	codon	28	(TAG).	Thus,	the	
conversion	of	TGG	to	a	stop	codon	enhances	the	stabil-
ity	of	the	secondrary	structure,	which	is	required	for	the	
function	of	the	e	signal.2	On	the	contrary,	the	base	pairing	
C-G	is	disrupted	in	genotype	A	if	the	stop	codon	muta-
tion	develops	and	the	stability	of	stem-loop	structure	de-
creases.	This	finding	may	explain	why	genotype	A	rare-
ly	circulates	as	HBe	minus	mutant	and	why	D	is	the	most	
common	genotype	among	the	pre-core	minus	mutants	in	
Western	countries.	

It	is	believed	that	the	pre-core	stop	codon	mutation	is	
selected	during	seroconversion	from	HBeAg	to	anti-HBe	
when	there	is	a	T	at	position	1858	(genotype	non-A).	The	
G-to-A	mutation	at	position	1896	abolishes	the	production	
of	HBeAg.	On	the	other	hand	the	mutations	in	the	core	
promoter	region	namely	the	double	mutation	A-to-T	at	po-
sition	1762	and	G-to-A	at	position	1764	of	the	basic	core	
promoter	are	selected	during	seroconversion	when	there	
is	a	C	at	posistion	1858	(genotype	A)	because	C	at	1858	
precludes	the	development	of	T1896A26.	The	mutations	in	
basic	core	promoter	reduce	synthesis	of	HBeAg	by	sup-
pressing	the	transcription	of	precore	mRNA.

4.1. CHRONIC HEPATITIS

Following	acute	HBV	infection,	5%	of	adults	and	al-
most	95%	of	children	born	to	chronically	infected	mothers,	
become	chronic	carriers	of	the	virus,	probably	because	of	

Figure 2. Transcriptional regulatory elements and the X gene. The promoters and enhancers involved in HBV replication are indi-
cated. BCP, basal core promoter; DR, direct repeat.
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failure	of	induction	or	activity	of	cytotoxic	T	lymphocytes	
(CTL).	In	these	patients	despite	the	high	level	of	viremia	
there	is	no	inflammatory	necrosis	of	infected	hepatocytes	
(immune	tolerant	phase).21	During	the	following	years	of	
infection,	the	immune	tolerant	phase	is	replaced	by	in-
creased	hepatitis	activity	presumably	reflecting	immune	
activation	(immune	clearance	phase)(27).	Either	because	
of	CTL	lysis	of	infected	cells	or	of	cytokine	production	
by	CD4-positive	lymphocytes,	hepatocytes	infected	with	
HBV	are	cleared	during	the	seroconversion	or	immune	
clearance	phase.	About	5%	of	HBeAg	positive	chronic	in-
fections	may	seroconvert	to	anti-HBe	per	year.	In	the	ma-
jority	of	these	HBeAg(-)/anti-HBe(+)	patients,	HBs	anti-
genemia	and	small	amounts	of	HBV	DNA	are	detected	in	
the	serum	by	polymerase	chain	reaction	(PCR),	despite	
normal	liver	function	tests,	indicating	that	viral	replica-
tion	is	still	occurring	at	a	low	level.12

In	some	patients,	particularly	those	infected	at	birth	or	
in	the	early	years	of	life	from	infected	family	members,	
there	is	emergence	of	an	HBeAg-negative	variant.	This	vi-
rus,	along	with	the	HBeAg-positive	strain,	can	be	detected	
in	virtually	all	patients	after	HBeAg/anti-HBe	seroconver-
sion.12	The	A1896	variant	is	present	in	very	small	amounts	
during	the	latter	period	of	the	HBeAg	positive	phase	of	
the	disease	and	is	selected	at,	or	after,	seroconversion	to	
anti-HBe,	whilst	the	HBeAg-producing	strain	is	gradually	
being	cleared.14	This	process	can	take	years,	during	which	
time	a	mixture	of	both	strains	is	usually	seen.28	Some	pa-
tients	after	seroconversion	have	high	viraemia	and	develop	
further	inflammatory	liver	disease.29	Some	component	of	
the	immune	response	is	responsible	for	control	of	the	vi-
rus	during	the	anti-HBe	positive	phase;	this	is	most	prob-
ably	a	CD4+/CTL	response	to	nucleocapsid	proteins.	Mu-
tations	within	epitopes	recognized	by	sensitized	T	cells,	
which	are	involved	in	control	of	the	infection,	may	influ-
ence	the	re-emergence	of	the	virus.	It	is	noteworthy	that	
during	this	phase	of	the	infection,	amino	acid	substitution	
in	the	core	protein	is	frequent.	It	seems	likely	that	the	im-
portant	selection	pressure	is	the	presence	of	anti-HBe	in	
the	absence	of	an	adequate	CTL	response,	as	most	of	the	
variants	so	far	described	emerging	in	the	late	phase	of	the	
infection	have	a	common	phenotype,	namely	an	inability	
to	produce	HBeAg.	

4.2. FUlMINANT HEPATITIS

There	 is	 strong	 epidemiological	 evidence	 linking	
A1896	with	fulminant	hepatitis	B	(FHB),	suggesting	that	
such	a	severe	outcome	may	be	due	to	viral	factors	rather	
than	to	strong	immune	response	of	the	host.30	There	is	ev-
idence	that	both	the	fulminant	case	and	the	source	of	in-

fection	are	infected	with	the	A1896	variant31-33	and	both	
strains	(FHB	and	source)	have	the	precore	mutant	of	sim-
ilar	or	identical	sequences.34-37	It	is	evident	therefore	that	
the	disease	has	been	caused	by	the	new	host	mounting	
a	vigorous	immune	response	to	the	particular	strain	of	
HBV.	Many	FHB	cases	are	associated	with	infection	by	
precore	variants.	However,	FHB	may	also	be	associated	
with	HBeAg-positive	HBV	infection.31	Furthermore,	even	
in	anti-HBe-positive	cases,	the	link	to	A1896	is	far	from	
clear;	this	variant	has	not	been	found	in	many	anti-HBe-
positive	patients	from	several	geographical	regions.38	39	It	
has	been	suggested	that	precore	variants	may	replicate	rap-
idly,	spread	throughout	the	liver	and	precipitate	a	strong	
immune	response	in	the	absence	of	HBeAg-mediated	im-
mune	modulation.	The	result	is	a	fulminant	course	due	to	
rapid	lysis	of	large	numbers	of	HBV-infected	cells.	The	
development	of	FHB	in	neonates	infected	from	HBeAg	
negative	mothers	and	the	observation	that	transmission	of	
A1896	strains	to	children	seldom	gives	rise	to	chronic	car-
riage40	may	be	partially	explained	by	the	absence	of	im-
munomodulation	by	HBeAg.	

However,	it	appears	that	strains	with	A1896	are	asso-
ciated	with	different	outcomes.	Although	A1896	is	often	
found	in	FHB,	this	does	not	necessarily	mean	that	it	is	the	
variant	per se	that	is	causing	the	fulminant	hepatitis.	The	
examination	of	cis-acting	regulatory	elements	in	sequenc-
es	derived	from	isolates	from	Japanese	patients	with	ful-
minant	disease	has	revealed	that	there	are	several	unique	
nucleotide	mutations	clustered	in	ENHII-CP	(positions	
1751-1768)	and	resulting	in	amino-acid	changes	in	the	X	
encoded	protein	(amino-acid	126-132)41,42,	regardless	of	
their	subtype.	These	changes	located	within	the	nuclear	
binding	regions	of	the	cis-acting	elements	of	the	basic	core	
promoter43	could	potentially	produce	a	modification	in	vi-
ral	function.	It	was	also	demonstrated	that	several	varia-
tions	are	associated	with	FHB	with	the	commonest	vari-
ants	containing	a	double	mutation	(T1762/A1764)	in	the	
BCP.	Transmission	of	an	A1896	strain	(with	T1762	and	
A1764)	to	chimpanzees41	resulted	in	more	severe	hepati-
tis	than	would	be	expected,	although	this	was	not	accom-
panied	by	a	higher	than	average	level	of	viraemia. In vitro	
experiments	have	shown	that,	although	an	A1896	genome	
did	not	have	higher	replication	efficiency,	a	genome	from	
a	FHB	patient	with	A1896,	T1762,	and	A1764	produced	
very	high	levels	of	HBV	DNA42.	Detailed	phylogenet-
ic	analysis	that	included	20	epidemiologically	unrelated	
FHB	sequences44	revealed	six	clusters	(viral	lineages)	of	
fulminant	strains	each	with	distinct	mutational	patterns.	
It	was	found	that	sources	of	infection	and	index	patients	
had	highly	related	sequence	patterns34.	Mutations	were	
clustered	in	the	cis-acting	regions	and	HBx	protein	but	no	
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unique	variant	was	specifically	associated	with	this	dis-
ease	outcome.	It	was	concluded	that	a	combination	of	nu-
cleotide	variation	of	the	enhancer/promoter	regions	plus	
aminoacid	substitution	in	HBx	were	almost	uniquely	as-
sociated	with	the	fulminant	course.

Supporting	the	hypothesis	that	these	strains	are	clini-
cally	relevant,	the	transcription	efficiency	in vitro	of	the	
BCP	from	A1896-associated	FHB	strains	is	two	to	three	
times	greater	than	non-A1896	FHB	and	A1896	non-FHB	
sequences.41	Finally,	oligonucleotides	containing	variant	
sequences	failed	to	bind	to	some	nuclear	transcription	
factors,	implying	that	a	central	pathogenetic	mechanism	
in	FHB	is	loss	of	inhibition	of	transcription.	Clusters	and	
transcription	efficiency	were	both	strongly	linked	to	mor-
tality	and	rapidity	of	progression	to	fulminant	hepatitis	af-
ter	infection.

Viral	selection	during	the	course	of	FHB	has	been	dem-
onstrated	as	well.45	For	example,	in	one	infant-mother	pair,	
the	mother	had	a	mixture	of	two	subtypes	and	a	mixture	of	
quasispecies	within	each	subtype,	yet	the	infant	was	only	
infected	by	one	subtype	and	a	reduced	number	of	quasispe-
cies	within	that	subtype.	A1896	is	the	only	precore	variant	
(to	our	knowledge)	associated	with	FHB,	which	leads	to	
the	interesting	question	of	whether	it	is	the	functional	ef-
fect	(loss	of	HBeAg),	or	the	background	strain	upon	which	
A1896	is	selected,	that	is	the	crucial	factor	associated	with	
this	clinical	outcome.	Hence,	strains	with	mutations	else-
where	in	the	genome,	such	as	the	BCP	ones,	have	been	
linked	with	FHB	in	the	presence	or	absence	of	A1896.	

4.3. ACUTE NON-FUlMINANT HEPATITIS

The	incidence	of	the	precore	mutation	during	acute,	
non-fulminant,	hepatitis	is	presently	unclear.	There	is	a	
controversy	about	what	occur	in	acute	hepatitis	when	trans-
mission	of	a	mixed	population	(both	wild	type	and	A1896	
strains)	takes	place.	Some	investigators	believe	that	during	
acute	infection	a	clearance	of	HBeAg-negative	virus	takes	
place	and	HBeAg-positive	virus	dominates,46	while	others	
claim	that	precore	variants	need	years	to	emerge	after	acute	
infection.47	32	A1896	was	shown	to	dominate	in	both	acute	
and	chronic	hepatitis	cases	of	varing	severity	in	Taiwan	
(58%	in	acute	versus	70%	in	chronic),48	but	not	so	in	a	re-
cent	study	from	Japan.47	Acute	hepatitis	in	neonates	born	
to	anti-HBe-positive	mothers	is	well	described	(40).	The	
transmission	of	a	homogeneous	HBV	population	of	A1896	
leading	to	mild	resolving	acute	hepatitis	with	seroconver-
sion	to	anti-HBe	in	an	adult	without	there	having	been	an	
HBeAg-positive	phase,	shows	that	A1896	can	lead	to	the	
same	disease	profile	as	wild	type	viruses.49

4.4. FIBROSING CHOlESTATIC HEPATITIS

Fibrosing	cholestatic	hepatitis	(FCH)	occurs	occasion-
ally	in	immunosuppressed	host	in	conditions	such	as	after	
liver	transplantation,50	after	renal	transplantation51	and	in	
HIV	infection.	These	patients	undergo	a	fulminant	course	
and	there	is	an	abundant	expression	of	both	HBs	and	HBc	
antigens	in	the	hepatocytes.	Both	precore52	and	HBc	vari-
ants	are	often	associated	with	FCH	leading	to	intracellu-
lar	accumulation	of	the	antigens	by	a	direct	cytopathic	ef-
fect,	rather	than	immune	lysis.	

4.5. HBV REACTIVATION FOllOwING 
CHEMOTHERAPY

Viral	and	host	factors,	as	well	as	 the	type	of	che-
motherapy	given	have	been	considered	as	predispos-
ing	factors	for	HBV	reactivation53.	The	point	mutation	
at	position	1896	of	the	precore	region	(A1896)	has	been	
associated	with	severe	exacerbation	of	chronic	hepati-
tis	B,	and	in	immunocompetent	individuals	such	exac-
erbations	may	run	a	fulminant	course.32.	A	high	rate	of	
HBV	reactivation	has	been	documented	in	most	stud-
ies	of	HBsAg(+)/HBeAg(-)	patients	carrying	the	A1896	
mutation	who	have	undergone	cytotoxic	chemotherapy	
compared	with	those	carrying	the	wild	type	virus.54	This	
finding	was	confirmed	in	different	groups	of	individu-
als	with	HBV	infection	receiving	immunosuppressive	
treatment	such	as	patients	with	lymphoproliferative	dis-
orders55,	those	receiving	hematopoietic	stem	cell	trans-
plantation56	and	those	with	solid	tumors.57	With	regard	to	
the	T1762/A1764	BCP	mutations	the	findings	are	con-
flicting.	Some	studies	suggested	that	these	specific	mu-
tations	could	confer	an	increased	risk	of	reactivation	in	
HBV	carriers	undergoing	hematopoietic	stem	cell	trans-
plantation58	and	others	that	these	mutations	alone	do	not	
appear	to	have	any	effect	on	promoter	activity	in	carri-
ers	undergoing	cytotoxic	chemotherapy.	It	has	also	been	
documented	that	HBV	with	an	A1799	mutation	in	 the	
BCP	region	is	prone	to	reactivate	after	chemotherapy	in	
patients	with	solid	tumours32.	From	a	previous	study	in	
8	patients	who	reactivated	following	chemotherapy	we	
demonstrated	that	HBV	reactivation	could	be	attributed	
to	the	A1896	precore	mutant	virus	in	7	of	8	patients	and	
to	a	mutated	BCP	in	5	of	8	patients.59	Both	types	of	mu-
tations	result	in	defective	synthesis	of	HBeAg	and	con-
sequently	the	tolerogenic	effect	of	HBeAg	diminishes	or	
disappears.	However,	we	showed	that	the	wild	type	virus	
may	also	be	implicated	less	frequently	in	HBV	reactiva-
tion,	as	documented	in	previous	studies.53
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5. BASIC CORE PROMOTER VARIANTS

Mutations	in	the	core	promoter	region	may	have	in-
fluences	on	viral	gene	expression	and	replication.	A	dou-
ble	mutation	in	the	BCP	leading	to	substitution	of	A	for	
T,	and	G	for	A,	at	positions	1762	and	1764	respectively,	
has	been	described	in	various	disease	states	of	HBV	infec-
tion.60	The	biological	significance	of	the	double	A1762T/
G1764A	mutation	is	still	under	investigation,	particularly	
in	relation	to	the	precore	stop-codon	mutation.	The	dou-
ble	BCP	mutation	has	been	shown	to	be	associated	with	
HBeAg	negativity	in	some	studies60,61,62	but	not	in	oth-
ers.26,63,64	The	presence	of	the	double	mutation	is	clear-
ly	associated	with	downregulation	of	HBeAg	produc-
tion,65,66,67	as	demonstrated	by	transfection	studies.	The	
double	BCP	mutation	results	in	decreased	levels	of	the	
precore	mRNA	and	therefore	diminished	production	of	
HbeAg.68,69	Despite	the	low	levels	of	precore	mRNA	in-
creased	viral	replication	as	a	result	of	upregulation	of	
pgRNA	production,	promoting	encapsidation	and	core	
protein	production	was	described.70	Some	investigators	
claimed	that	HBeAg	negativity	with	the	BCP	mutations	
was	associated	with	severe	liver	disease,62,71,72	while	this	
finding	was	not	confirmed	by	others.73	The	double	mu-
tation	has	been	detected	with	increased	frequency	in	all	
settings	of	HBV	infection	including	patients	with	fulmi-
nant	hepatitis,74	HBeAg	and	anti-HBe	positive	chronic	
hepatitis,61	and	hepatocellular	carcinoma,75	but	less	so	in	
asymptomatic	chronic	carriers.76	However,	there	is	a	con-
troversy	about	the	detection	of	the	above	mutations	in	all	
the	settings	described	above	in	different	geographical	ar-
eas.	For	example,	the	1762/1764	mutations	were	rarely	
seen	in	patients	with	FHB	in	the	United	States	and	Bra-
sil.77	This	finding	may	be	related	to	differences	between	
prevalent	genotypes	in	these	areas.78

Chan	and	co-workers	found	that	the	double	A1762T/
G1764A	mutation	was	significantly	more	common	in	gen-
otypes	which	have	C	at	nucleotide	position	1858,	while	
in	contrast	the	precore	stop-codon	mutation	was	found	in	
patients	with	a	T	at	the	same	position.26	The	BCP	muta-
tions	as	mentioned	before	have	been	found	in	patients	re-
gardless	of	HBeAg	status.	However,	in	anti-HBe	positive	

patients	the	double	mutation	was	often	accompanied	by	
a	change	at	position	1753,	from	T	to	C	or	G.79	It	was	re-
cently	shown	that	CP	mutations	other	than	those	at	posi-
tions	1762/1764	could	have	a	major	impact	on	viral	rep-
lication	and	HBeAg	expression.80	

Deletions	within	the	CP	region	varying	in	length	from	
1-21	base	pairs	have	been	reported	once	again	in	differ-
ent	settings	of	HBV	infection	and	are	often	characterised	
by	low	or	high	viraemia	levels.80	It	appears	therefore	that	
the	BCP	and	A1896	mutations	determine	replication	rate,	
expression	of	HBeAg	and	pathogenicity	in	the	context	of	
the	strain	genetic	background.

6. CORE GENE VARIANTS

HBcAg	assembles	into	a	capsid	structure	which	en-
closes	the	pregenomic	RNA	together	with	the	viral	poly-
merase.	The	capsid	protein	can	elicit	B-cell	activation	and	
proliferation	and	produce	antibodies	both	in	a	T	cell-de-
pendent	and	a	T	cell-independent	manner.81	These	acti-
vated	B	cells	present	capsid	derived	peptides	in	the	con-
text	of	major	histocompatibility	complex	class	II	antigens	
to	T	helper	cells.	Activated	T	cells	are	able	to	activate	B	
cells	specific	for	HBV	antigens	leading	to	increased	anti-
body	production.82	It	is	evident	therefore	that	capsid	spe-
cific	antibodies	are	produced	by	activated	B	cells,	and	B-	
and	T-cell	epitopes	are	important	for	their	production.	The	
immunodominant	CD4+	T-	cell	recognition	sites	within	
HBcAg	which	have	been	found	to	induce	significant	T	cell	
responses	in	a	large	proportion	of	patients	irrespective	of	
their	HLA	haplotype,	span	residues	1-20	and	50-69	or	1-
25	and	61-85	and	117-13183,84	in	European	and	Far	East-
ern	patients	respectively	(Fig. 3).	A	major	B-cell	antigen-
ic	determinant	is	located	around	aminoacid	position	80,	
namely	74-89,85	a	second	one	at	residues	107-11886	and	a	
third	one	at	aa	130-138.85	

It	is	well	established	that	infection	with	the	precore	
stop	codon	variant	of	HBV	causes	chronic	liver	disease	
with	acute	exacerbations.87	It	has	been	shown	that	this	vari-
ant	exhibits	a	high	prevalence	of	mutations	in	the	core	re-
gion.88-90	Sequence	variation	is	one	of	the	most	powerful	

Figure 3. Immunologic epitopes of core protein. The CD4+ and B-cell epitopes are shown. 
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viral	strategies	for	escaping	recognition	by	the	host’s	im-
mune	response.	Core	heterogeneity	has	been	thorough-
ly	investigated88-90	and	linked	to	virus	persistence.	It	was	
previously	demonstrated	that	a	mixed	viral	population	
of	various	quasi-species	circulates	in	the	serum	at	any	
one	time	during	chronic	HBV	infection.88	In	a	study	un-
der	publication,	consecutive	serum	samples	investigat-
ed	and	confirmed	the	presence	of	a	mixture	of	core	vari-
ants	at	different	time-points	during	the	course	of	chronic	
HBV	infection.	It	has	also	shown	that	novel	variants	may	
emerge	“de	novo”	during	the	course	of	the	disease,	which,	
were	not	detected	at	earlier	time	points	samples.	Howev-
er,	such	variants	may	be	present	in	the	quasispecies	pool	
but	are	not	detectable	due	to	their	extremely	small	rep-
resentation.91	Some	of	the	variants	presenting	as	a	minor	
population	in	the	some	initial	serum	samples	appeared	to	
have	been	selected	and	become	dominant	in	subsequent	
sera.	The	core	protein	is	a	known	target	for	B-	and	T-cell	
immune	responses82-86,91	and	core	mutations	emerging	de	
novo	may	alter	core	antigenicity.91.	The	replacement	of	a	
rather	homogeneous	core	population	by	a	varied	popula-
tion	of	quasispecies	as	evident	from	the	sequencing	results	
may	also	hamper	HBcAg	immune	recognition.	In	addition,	
the	clones	in	all	the	patients	with	active	liver	disease	and	
who	received	no	antiviral	treatment	demonstrated	that	the	
majority	of	the	core	protein	aminoacid	changes	were	con-
centrated	in	both	B-	and	T-cell	epitopes.	Aminoacid	chang-
es	in	the	core	region	have	been	previously	associated	with	
severe	chronic	liver	disease	and	shown	to	affect	equally	
both	B-	and	T-	cell	epitopes.	88,89,92

The	emergence	therefore	of	new	mixed	viral	popula-
tions	of	core	variants	and	the	selection	of	new	mutations	
that	predominated	subsequently	at	any	one	time	point	may	
be	due	to	the	substitution	of	aminoacids	in	B-	and	CD4+	
T-	cell	epitopes.	Thus,	activation	of	B	and	CD+	T	lympho-
cytes	may	be	triggered	by	the	altered	target	epitopes	thus	
inducing	a	new	immune	response	as	evidenced	by	the	high	
levels	of	IgM	anti-HBc	recorded	in	such	cases.	

Deletions	within	the	core	gene	are	variable	in	length	
and	usually	affect	the	central	core	region	and	carboxy-ter-
minal	region.93,	94	Such	deletions	can	be	in	frame,	result-
ing	in	the	production	of	truncated	core	species,	or	out	of	
frame,	terminating	core	synthesis	prematurely.	As	deletion	
variants	are	unable	to	produce	capsids	or	the	capsids	they	
produce	are	unstable,	such	variants	co-exist	with	the	wild	
type	virus	that	provides	the	core	protein	for	their	encap-
sidation.	Core	deletion	variants	have	been	reported	both	
in	immune–competent95	and	immunosuppressed	individ-
uals.96	In	the	former	individuals,	the	detection	of	core	in-
ternal	deletion	variants	was	associated	with	lower	levels	

of	viraemia	and	early	seroconversion	to	anti-HBe,	while	
in	long-term	immunosuppressed	patients	following	kid-
ney,	or	even	liver	transplantation,	the	presence	of	deletion	
variants	was	associated	with	increased	risk	of	developing	
liver	cirrhosis	and	end-stage	liver	disease.	

7. CONClUSIONS

A	significant	proportion	of	patients	with	chronic	hep-
atitis	in	Mediterranean	countries	are	infected	with	A1896	
HBV	mutant	virus.	A1896	is	selected	during	seroconver-
sion	from	HBeAg	to	anti-HBe	because	it	enhances	the	sta-
bility	of	the	secondary	structure	of	e	encapsidation	signal	
in	genotype	non-A	virus.	For	the	same	reason	the	muta-
tions	T1762	and	A1764	of	BCP	are	selected	during	sero-
conversion	in	genotype	A	virus.	Whatever	the	nature	of	the	
variant,	it	results	in	the	reduction	or	abrogation	of	HBeAg	
production.	The	removal	of	the	tolerogenic	effect	of	this	
soluble	serum	protein,	leads	to	the	“awakening”	of	the	
immune	response.	There	is	strong	epidemiological	evi-
dence	that	precore	A	1896	mutation	as	well	as	T1762	and	
A1764	of	BCP	are	associated	with	fulminant	hepatitis.	It	
was	suggested	that	the	fulminant	course	was	due	to	either	
vigorous	immune	response	of	the	host	or	to	high	levels	of	
HBV	DNA	or	to	high	transcription	efficiency	of	the	vi-
rus.	In	addition	a	high	rate	of	HBV	reactivation	after	che-
motherapy	for	leukaemia/lymphoma	or	solid	tumors	has	
been	demonstrated	in	HBeAg	negative	patients	carrying	
the	A1896	precore	mutant.	

Infection	with	the	precore	A1896	mutant	virus	is	of-
ten	accompanied	by	the	presence	of	mutations	in	the	core	
region.	Novel	core	variants	may	emerge	de	novo	during	
the	course	of	the	disease	or	may	circulate	as	a	mixture	of	
quasispecies.	Since	the	core	protein	is	a	known	target	of	
B-	and	T-cell	responses,	the	altered	core	antigenicity	may	
help	the	virus	to	escape	immune	recognition	and	lead	to	
virus	persistence.	

However,	the	wide	range	of	chronic	liver	disease,	from	
inactive	carrier	to	liver	cirrhosis	and	hepatocellular	carci-
noma,	cannot	be	explained	by	the	presence	of	precore	and	
core	variants.	There	may	be	an	interactive	mechanism	be-
tween	host	genetic	factors	and	virus	variation	within	the	
core	protein	or	other	proteins.	The	exact	clinical	relevance	
of	these	variants	needs	further	investigation.

REFERENCES
	 1.	Bartholomeusz	 A,	 Schaefer	 S.	 Hepatitis	 B	 virus	 geno-

types:	comparison	of	genotyping	methods.	Rev	Med	Virol	
2004;14:3-16



20	 ALEXANDRA	ALEXOPOULOU

	 2.	Alexopoulou	A,	Dourakis	S.	Genetic	heterogeneity	of	hepa-
titis	viruses	and	its	clinical	significance.	Curr	Drug	Targets	
Inflamm	Allergy.	2005	Feb;4(1):47-55.	Review.	

	 3.	Holland	JJ,	Spindler	K,	Horodyaki	F	et	al:	Rapid	evolution	
of	RNA	genomes.	Science	1982;215:1577–1585

	 4.	Nassal	M,	Schaller	H.	Hepatitis	B	virus	replication	-	an	up-
date.	J	Viral	Hep	1996;6:217-226

	 5.	Ou	J-H,	Laub	O,	Rutter	WJ:	Hepatitis	B	virus	gene	function:	
the	precore	region	targets	the	core	antigen	to	cellular	mem-
branes	and	causes	the	secretion	of	the	e	antigen.	Proc	Natl	
Acad	Sci	USA	1986;83:1578–1582

	 6.	Milich	DR,	Jones	JE,	Hughes	JL	et	al:	Is	a	function	of	the	se-
creted	hepatitis	B	e	antigen	to	induce	immunologic	tolerance	
in	utero?	Proc	Natl	Acad	Sci	USA	1990;87:6599–6603

	 7.	Yaginuma	K,	Koike	K.	Identification	of	a	promoter	region	
for	3.6-kilobase	mRNA	of	hepatitis	B	virus	and	specific	cel-
lular	binding	protein.	J	Virol	1989;6:2914-2920

	 8.	Yu	X,	Mertz	J.	Promoters	for	synthesis	of	the	pre-C	and	pre-
genomic	mRNAs	of	human	hepatitis	B	virus	are	genetical-
ly	distinct	and	differentially	regulated.	J	Virol	1996;6:8719-
8726

	 9.	Billet	O,	Grimber	G,	Levrero	M,	et	al.	In	vivo	activity	of	the	
hepatitis	B	virus	core	promoter:	tissue	specificity	and	tem-
poral	regulation.	J	Virol	1995;6:5912-5916

	10.	Hadziyannis	SJ,	Lieberman	HM,	Karvountzis	MG,	Shafritz	
D:	Analysis	of	liver	disease,	nuclear	HBeAg,	viral	replica-
tion	and	hepatitis	B	virus	in	liver	and	serum	of	HBeAg	vs	
antiHBe	positive	chronic	hepatitis	B	virus	infection.	Hepa-
tology	1983;3:652–662

	11.	Karayiannis	P,	Fowler	MJF,	Lok	ASF,	Greenfield	C,	Mon-
jardino	J,	Thomas	HC.	Detection	of	serum	HBV-DNA	by	
molecular	hybridisation:	correlation	with	HBeAg/anti-HBe	
status,	racial	origin,	liver	histology	and	hepatocellular	car-
cinoma.	J	Hepatol	1985;1:99-106.

	12.	Carman	WF,	Hadziyannis	SJ,	Mccarvey	MJ	et	al.	Mutation	
preventing	formation	of	hepatitis	B	e	antigen	in	patients	with	
chronic	hepatitis	B	infection.	Lancet	1989,	ii:588-590.	

	13.	Fiordalisi	G,	Cariani	E,	Mantero	G	et	al:	High	genomic	
variability	in	the	pre-C	region	of	hepatitis	B	virus	in	anti-
HBe,	HBV-DNA	positive	chronic	hepatitis.	J	Med	Virol	
1990;31:297–300

	14.	Okamoto	H,	Yotsumoto	S,	Akahane	Y	et	al:	Hepatitis	B	vi-
ruses	with	pre-core	region	defects	prevail	in	persistently	
in	fected	hosts	along	with	seroconversion	to	the	antibody	
against	e	antigen.	J	Virol	1990;64:1298–1303

	15.	Bhat	RA,	Ulrich	PP,	Vyas	GN:	Molecular	characterization	
of	a	new	variant	of	hepatitis	B	virus	in	a	persistently	infect-
ed	homosexual	man.	Hepatology	1990;11:271–276

	16.	Laras	A,	Koskinas	J,	Avgidis	K,	et	al.	Incidence	and	clinical	
significance	of	hepatitis	B	virus	precore	gene	translation	ini-
tiation	mutations	in	e	antigen-negative	patients.	J	Viral	Hep-
at	1998;5:241-248

	17.	Carman	WF,	Ferrao	M,	Lok	ASF	et	al:	Pre-core	sequence	
variation	in	Chinese	isolates	of	hepatitis	B	virus.	J	Infect	Dis	
1992;165:127–133

	18.	Brunetto	MR,	Oliveri	F,	Rocca	G	et	al:	Natural	course	and	re-
sponse	to	interferon	of	chronic	hepatitis	B	accompanied	by	an-
tibody	to	hepatitis	e	antigen.	Hepatology	1989;10:198–202

	19.	Akahane	Y,	Yamanaka	T,	Suzuki	H	et	al:	Chronic	active	hep-
atitis	with	hepatitis	B	virus	DNA	and	antibody	against	e	an-
tigen	in	the	serum.	Gastroenterology	1990;90:1113–1119

	20.	Bonino	F,	Rosina	F,	Rizzetto	M	et	al:	Chronic	hepatitis	in	
HBsAg	carriers	with	serum	HBV-DNA	and	anti-HBe.	Gas-
troenterology	1986;90:1268–1273

	21.	Chu	C-M,	Karayiannis	P,	Fowler	MJF	et	al:	Natural	history	
of	chronic	hepatitis	B	virus	infection	in	Taiwan:	studies	of	
hepatitis	B	virus	DNA	in	serum.	Hepatology	1985;5:431–
434

	22.	Dumpis	U,	Mendy	M,	Hill	A,	et	al.	Prevalence	of	HBV	core	
promoter/precore/core	mutations	in	Gambian	chronic	carri-
ers.	J	Med	Virol	2001;65:664-670	

	23.	De	Castro	L,	Niel	C,	Gomes	SA.	Low	frequency	of	muta-
tions	in	the	core	promoter	and	precore	regions	of	hepatitis	
B	virus	in	anti-HBe	positive	Brazilian	carriers.	BMC	Micro-
biol	2001;1:10.

	24.	.	Tong	SP,	Li	JS,	Vitviski	L	et	al.	Evidence	for	a	base-paired	
region	of	hepatitis	B	virus	pregenome	encapsidation	signal	
which	influences	the	patterns	of	precore	mutations	abolish-
ing	HBe	protein	expression.	J	Virol	1993,	67:5651-5655

	25.	Li	JS,	Tong	SP,	Wen	YM	et	al.	Hepatitis	B	virus	genotype	A	
rarely	circulates	as	an	Hbe-minus	mutant:	Possible	contri-
bution	of	a	single	nucleotide	in	the	precore	region.	J	Virol	
1993,	5402-5410	

	26.	Chan	HLY,	Hussain	M,	Lok	ASF.	Different	hepatitis	B	vi-
rus	genotypes	are	associated	with	different	mutations	in	the	
core	promoter	and	precore	regions	during	hepatitis	B	e	An-
tigen	seroconversion.	Hepatology	1999,	29:976-984.

	27.	Tsai	SL,	Chen	PJ,	Lai	MY	et	al:	Acute	exacerbations	of	
chronic	type	B	hepatitis	are	accompanied	by	increased	T	
cell	responses	to	hepatitis	B	core	and	e	antigens.	J	Clin	In-
vest	1992;89:87–96

	28.	Loriot	MA,	Marcellin	P,	Talbodec	N	et	al:	Low	frequency	of	
precore	hepatitis	B	virus	mutants	in	anti-hepatitis	B	eposi-
tive	reactivation	after	loss	of	hepatitis	B	e	antigen	in	patients	
with	chronic	hepatitis	B.	Hepatology	1995;21:627–631

	29.	Hadziyannis	SJ,	Vassilopoulos	D.	Immunopathogenesis	of	
hepatitis	B	e	antigen	negative	chronic	hepatitis	B	infection.	
Antiviral	Res	2001;52:91-98

	30.	Tanaka	S,	Yoshiba	M,	lino	S	et	al:	A	common-source	out-
break	of	fulminant	hepatitis	B	in	hemodialysis	patients	in-
duced	by	precore	mutant.	Kidney	Int	1995;48:1972–1978

	31.	Carman	WF,	Fagan	EA,	Hadziyannis	S	et	al:	Association	of	
a	pre-core	genomic	variant	of	HBV	with	fulminant	hepati-
tis.	Hepatology	1991;14:219–222

	32.	Kosaka	Y,	Takase	K,	Kojima	M	et	al:	Fulminant	hepatitis	B:	
induction	by	hepatitis	B	virus	mutants	defective	in	the	pre-
core	region	and	incapable	of	encoding	e	antigen.	Gastroen-
terology	1991;324:1087–1094

	33.	Alexopoulou	A,	Karayiannis	P,	Hadziyannis	SJ	et	al:	Whole	
genome	analysis	of	hepatitis	B	virus	from	four	cases	of	ful-
minant	hepatitis:	genetic	variability	and	its	potential	role	in	
disease	pathogenicity.	J	Viral	Hepat	1996;3:173–181

	34.	Karayiannis	P,	Alexopoulou	A,	Hadziyannis	S	et	al:	Fulmi-
nant	hepatitis	associated	with	hepatitis	B	e	virus	antigen-
negative	infection:	importance	of	host	factors.	Hepatology	
1995;22:1628–1634



	 21Mutants	in	the	precore,	core	promoter,	and	core	regions	of	Hepatitis	B	virus,	and	their	clinical	relevance

	35.	Owiredu	WK,	Kramvis	A,	Kew	MC.	Molecular	analysis	of	
hepatitis	B	virus	genomes	isolated	from	black	African	pa-
tients	with	fulminant	hepatitis	B.	J	Med	Virol	2001;65:485-
492

 36. Sterneck M, Gόnther S, Santantonio T et al: Hepatitis B vi-
rus	genomes	of	patients	with	fulminant	hepatitis	do	not	share	
a	specific	mutation.	Hepatology	1996;24:300–306

	37.	Sterneck	M,	Kalinina	T,	Otto	S,	et	al.	Neonatal	fulminant	
hepatitis	B:	structural	and	functional	analysis	of	complete	
hepatitis	B	virus	genomes	from	mother	and	infant.	J	Infect	
Dis	1998;177:1378-1381

	38.	Feray	C,	Gigou	M,	Samuel	D	et	al:	Low	prevalence	of	pre-
core	mutations	in	hepatitis	B	virus	DNA	in	fulminant	hepa-
titis	B	in	France.	J	Hepatol	1993;18:119–122

	39.	Hasegawa	K,	Shapiro	C	N,	Alter	M	S,	Liang	T	S:	Lack	of	an	
association	of	hepatitis	B	virus	precore	mutation	with	fulmi-
nant	hepatitis	B	in	the	USA.	Hepatology	1991;14:78A

	40.	Raimondo	G,	Tanzi	E,	Brancatelli	S	et	al:	Is	the	course	of	
perinatal	hepatitis	B	virus	infection	influenced	by	genetic	
heterogeneity	of	the	virus?	J	Med	Virol	1993;40:87–90

	41.	Ogata	N,	Miller	RH,	Ishak	KG,	Purcell	RH.	The	complete	
nucleotide	sequence	of	a	pre-core	mutant	of	hepatitis	B	virus	
implicated	in	fulminant	hepatitis	and	its	biological	charac-
terization	in	Chimpanzees.	Virology	1993;	194:	263-276.

	42.	Hasegawa	K,	Huang	J,	Rogers	SA,	Blum	HE,	Liang	TJ.	En-
hanced	replication	of	a	hepatitis	B	virus	mutant	associated	
with	an	epidemic	of	fulminant	hepatitis.	J	Virol	1994;	68:	
1651-1659.

	43.	Lopez-Cabrera	M,	Letovsky	J,	Hu	K,	Siddiqui	A.	Multiple	
liver-specific	factors	bind	to	the	hepatitis	B	virus	core/prege-
nomic	promoter:	Trans-activation	and	repression	by	CCAAT/
enhancer	binding	protein.	Proc.	Natl	Acad	Sci	USA	1990;	
87:	5069-5073.

	44.	Bollyky	PL,	Yasmin	M,	Holmes	E	et	al:	Viruses	from	unre-
lated	fulminant	hepatitis	B	cases	cluster	in	phylogenetically	
distinct	lineages,	each	containing	unique	motifs	of	nucleo-
tide	and	HBx	variants	which	have	increased	transcriptional	
activity	in	vitro.	J	Hepatol	1997;26(Suppl	1):67

	45.	Balm	A,	Hilbert	K,	Martine	U	et	al:	Selection	of	a	precore	
mutant	after	vertical	transmission	of	different	hepatitis	B	vi-
rus	variants	is	correlated	with	fulminant	hepatitis.	J	Med	Vi-
rol	1995;47:336–341

	46.	Carman	WF,	Hadziyannis	S,	Karayiannis	P	et	al:	Associa-
tion	of	the	precore	variant	of	HBV	with	acute	and	fulminant	
hepatitis	B	infection.	pp.	216–219.	In	Hollinger	FB,	Lemon	
SM,	Margolis	HS	(eds):	Viral	Hepatitis	and	Liver	Disease.	
Williams	&	Wilkins,	Baltimore,	1991

	47.	Kobayashi	M,	Arase	Y,	Ikeda	K,	et	al.	Wild-type	precore	and	
core	promoter	sequences	in	patients	with	acute	self-limited	or	
chronic	hepatitis	B.	Scand	J	Gastroenterol	2004;39:53-59

	48.	Chu	CM,	Yeh	CT,	Chiu	CT,	et	al.	Precore	mutant	of	hep-
atitis	B	virus	prevails	 in	acute	and	chronic	 infections	 in	
an	area	in	which	hepatitis	B	is	endemic.	J	Clin	Microbiol	
1996;34:1815-1818	

	49.	Mphahlele	MJ,	Shattock	AG,	Boner	W	et	al:	Transmission	of	
a	homogeneous	HBV	population	of	A1896	containing	strains	
leading	to	mild	resolving	acute	hepatitis	and	seroconversion	
to	anti-HBe	in	an	adult.	Hepatology,	1997;26:743–746

	50.	Davies	SE,	Portmann	BC,	O’Grady	JG	et	al:	Hepatic	histo-
logical	findings	after	transplantation	for	chronic	hepatitis	B	
virus	infection,	including	a	unique	pattern	of	fibrosing	cho-
lestatic	hepatitis.	Hepatology	1991;13:150–157

	51.	Booth	JCL,	Goldin	RD,	Brown	JL	et	al:	Fibrosing	cholestatic	
hepatitis	in	a	renal	transplant	recipient	associated	with	the	hep-
atitis	B	virus	precore	mutant.	J	Hepatol	1995;22:500–503

	52.	Angus	PW,	Locarnini	SA,	McCaughan	GW	et	al:	Hepati-
tis	B	virus	precore	mutant	infection	is	associated	with	se-
vere	recurrent	disease	after	liver	transplantation.	Hepatolo-
gy	1995;21:14–18

	53.	Rossi	G.	Prophylaxis	with	lamivudine	of	hepatitis	B	virus	re-
activation	in	chronic	HbsAg	carriers	with	hemato-oncologi-
cal	neoplasias	treated	with	chemotherapy.	Leuk	Lymphoma	
2003;	44:	759-66.

	54.	Yeo	W,	Zhong	S,	Chan	PK,	et	al.	Sequence	variations	of	pre-
core/core	and	precore	promoter	regions	of	hepatitis	B	virus	
in	patients	with	or	without	viral	reactivation	during	cytotox-
ic	chemotherapy.	J	Viral	Hepat	2000;	7:	448-58.

	55.	Yoshiba	M,	Sekiyama	K,	Sugata	F,	et	al.	Reactivation	of	pre-
core	mutant	hepatitis	B	virus	leading	to	fulminant	hepatic	
failure	following	cytotoxic	treatment.	Dig	Dis	Sci	1992;	37:	
1253-9.	

	56.	Chen	PM,	Yao	NS,	Wu	CM	et	al.	Detection	of	reactivation	
and	genetic	mutations	of	the	hepatitis	B	virus	in	patients	with	
chronic	hepatitis	B	infections	receiving	hematopoietic	stem	
cell	transplantation.	Transplantation	2002;	74:	182-188.

	57.	Steinberg	JL,	Yeo	W,	Zhong	S,	et	al.	Hepatitis	B	virus	reac-
tivation	in	patients	undergoing	cytotoxic	chemotherapy	for	
solid	tumours:	precore/core	mutations	may	play	an	impor-
tant	role.	J	Med	Virol	2000;	60:	249-55.

	58.	Lau	GK,	Leung	YH,	Fong	DY,	et	al.	High	hepatitis	B	virus	
(HBV)	DNA	viral	load	as	the	most	important	risk	factor	for	
HBV	reactivation	in	patients	positive	for	HBV	surface	anti-
gen	undergoing	autologous	hematopoietic	cell	transplanta-
tion.	Blood	2002;	99:	2324-30.	

	59.	Alexopoulou	A,	Theodorou	M,	Dourakis	SP,	et	al.	Hepati-
tis	B	virus	reactivation	in	patients	receiving	chemotherapy	
for	malignancies:	role	of	precore	stop-codon	and	basic	core	
promoter	mutations.	J	Vir	Hepat	2006;13:591-596.

	60.	Okamoto	H,	Tsuda	F,	Akahane	Y	et	al:	Hepatitis	B	virus	
with	mutation	in	the	core	promoter	for	the	e	antigen	nega-
tive	phenotype	in	carriers	with	antibody	to	e	antigen.	J	Vi-
rol	1994;68:8102–8110

	61.	Horikita	M,	Itoh	S,	Yamamoto	K,	et	al.	Differences	in	the	en-
tire	nucleotide	sequence	between	hepatitis	B	virus	genomes	
from	carriers	positive	for	antibody	to	hepatitis	B	e	antigen	
with	and	without	active	disease.	J	Med	Virol	1994;6:96-
103

	62.	Hou	J,	Lau	GK,	Cheng	J,	et	al.	T1762/A1764	variants	of	
the	basal	core	promoter	of	hepatitis	B	virus;	serological	and	
clinical	correlations	in	Chinese	patients.	Liver	1999;19:411-
417

	63.	Baptista	M,	Kramvis	A,	Kew	M.	High	prevalence	of	1762T,	
1764A	mutations	in	the	basic	core	promoter	of	hepatitis	B	
virus	isolated	from	Black	Africans	with	hepatocellular	car-
cinoma	compared	with	asymptomatic	carriers.	Hepatology	
1999;29:946-953



22	 ALEXANDRA	ALEXOPOULOU

	64.	Honda	A,	Yokosuka	O,	Ehata	T,	et	al.	Detection	of	mutations	
in	the	enhancer	2/core	promoter	region	of	hepatitis	B	virus	
in	patients	with	chronic	hepatitis	B	virus	infection:	compar-
ison	of	mutations	in	precore	and	core	regions	in	relation	to	
clinical	status.	J	Med	Virol	1999;6:337-344

	65.	Kurosaki	M,	Enomoto	N,	Asahina	Y	et	al:	Mutations	in	the	
core	promoter	region	of	hepatitis	B	virus	in	patients	with	
chronic	hepatitis	B.	J	Med	Virol	1996;49:115–123

	66.	Sato	S,	Suzuki	K,	Akahane	Y	et	al:	Hepatitis	B	virus	strains	
with	mutations	in	the	core	promoter	in	patients	with	fulmi-
nant	hepatitis.	Ann	Intern	Med	1995;122:241–248

	67.	Takahashi	K,	Aoyama	K,	Ohno	N	et	al:	The	precore/core	
promoter	mutant	(T1762A1764)	of	hepatitis	B	virus:	clini-
cal	significance	and	an	easy	method	for	detection.	J	Gen	Vi-
rol	1995;76:3159–3164

	68.	Buckwold	VE,	Zhichang	X,	Yen	TSB,	et	al.	Effects	of	a	fre-
quent	double-nucleotide	basal	core	promoter	mutation	and	
its	putative	single-nucleotide	precursor	mutations	on	hep-
atitis	B	virus	gene	expression	and	replication.	J	Gen	Virol	
1997;6:2055-2065

	69.	Laras	A,	Koskinas	J,	Hadziyannis	SJ.	In	vivo	suppression	of	
precore	mRNA	synthesis	is	associated	with	mutations	in	the	
hepatitis	B	virus	core	promoter.	Virology	2002;295:86-96	

	70.	Moriyama	K,	Okamoto	H,	Tsuda	F,	et	al.	Reduced	precore	
transcription	and	enhanced	core-pregenome	transcription	of	
hepatitis	B	virus	DNA	after	replacement	of	the	precore-core	
promoter	with	sequences	associated	with	e	antigen-serone-
gative	persistent	infections.	Virology	1996;6:269-280

 71. Kidd-Ljunggren K, Φberg M, Kidd A. Hepatitis B virus X 
gene	1751-1764	mutations:	implications	for	HBeAg	status	
and	disease.	J	Gen	Virol	1997;6:1469-1478

	72.	Lindh	M,	Gustavson	C,	Märdberg	K,	et	al.	Mutation	of	nu-
cleotide	1762	in	the	core	promoter	region	during	hepatitis	
B	e	seroconversion	and	its	relation	to	liver	damage	in	hepa-
titis	B	e	antigen	carriers.	J	Med	Virol	1998;6:185-190

	73.	Baptista	M,	Kramvis	A,	Kew	M.	High	prevalence	of	1762T,	
1764A	mutations	in	the	basic	core	promoter	of	hepatitis	B	
virus	isolated	from	Black	Africans	with	hepatocellular	car-
cinoma	compared	with	asymptomatic	carriers.	Hepatology	
1999;29:946-953

	74.	Hou	J,	Lin	Y,	Waters	J,	Wang	Z,	et	al.	Detection	and	signif-
icance	of	a	G1862T	variant	of	hepatitis	B	virus	in	Chinese	
patients	with	fulminant	hepatitis.	J	Gen	Virol	2002;83:2291-
2298	

	75.	Hsia	CC,	Yuwen	H,	Tabor	E.	Hot-spot	mutations	in	hep-
atitis	B	virus	X	gene	in	hepatocellular	carcinoma.	Lancet	
1996;6:625-626

	76.	Kurosaki	M,	Enomoto	N,	Asahina	Y	et	al:	Mutations	in	the	
core	promoter	region	of	hepatitis	B	virus	in	patients	with	
chronic	hepatitis	B.	J	Med	Virol	1996;49:115–123

	77.	Laskus	T,	Rakela	J,	Nowicki	MJ,	et	al.	Hepatitis	B	virus	core	
promoter	sequence	analysis	in	fulminant	and	chronic	hepa-
titis	B.	Gastroenterology	1995;6:1618-1623

	78.	Blackberg	J,	Kidd-Ljunggren	K.	Genotypic	differences	in	
the	hepatitis	B	virus	core	promoter	and	precore	sequences	
during	seroconversion	from	HBeAg	to	anti-HBe.	J	Med	Vi-
rol	2000;60:107-112

	79.	Nagasaka	A,	Hige	S,	Marutani	M,	et	al.	Prevalence	of	mu-

tations	 in	 core	 promoter/precore	 region	 in	 Japanese	 pa-
tients	with	chronic	hepatitis	B	virus	infection.	Dig	Dis	Sci	
1998;6:2473-2478

	80.	Parekh	S,	Zoulim	F,	Ahn	SH,	et	al.	Genome	replication,	
virion	secretion,	and	e	antigen	expression	of	naturally	oc-
curring	hepatitis	B	virus	core	promoter	mutants.	J	Virol	
2003;77:6601-6612

	81.	Milich	D,	Schodel	F,	Hughes	J	et	al:	The	hepatitis	B	virus	
core	and	e	antigens	elicit	different	Th	cell	subsets:	antigen	
structure	can	affect	Th	cell	phenotype.	J	Virol	1997;71:2192–
2201

	82.	Conway	JF,	Cheng	N,	Zlotnick	A,	et	al.	Hepatitis	B	virus	cap-
sid:	localisation	of	the	putative	immunodominant	loop	(res-
idues	78-83)	on	the	capsid	surface	and	implication	for	the	
distinction	between	c	and	e-antigens.	J	Mol	Biol	1998;279:	
1111-1121.

	83.	Ferrari	C,	Bertoletti	A,	Penna	A,	et	al.	Identification	of	im-
munodominant	T	cell	epitopes	of	the	hepatitis	B	virus	nu-
cleocapsid	antigen.	J	Clin	Invest	1991;	88:214-222.	

	84.	Jung	MC,	Diepolder	HM,	Spengler	U,	Wierenga	EA,	Za-
choval	R,	Hoffmann	RM,	Eichenlaub	D,	Frosner	G,	Will	
H,	Pape	GR.	1995.	Activation	of	a	heterogeneous	hepatitis	
B	(HB)	core	and	e	antigen-specific	CD4+	T-cell	population	
during	seroconversion	to	anti-HBe	and	anti-HBs	in	hepati-
tis	B	virus	infection.	J	Virol	69:	3358-3368.	

	85.	Salfeld	J,	Pfaff	E,	Noah	M,	Schaller	H.	Antigenic	determi-
nants	and	functional	domains	in	core	antigen	and	e	antigen	
from	hepatitis	B	virus.	J	Virol	1989;63:798-808.

	86.	Colucci	G,	Beazer	Y,	Cantaluppi	C,	Tackney	C..	Identifica-
tion	of	a	major	hepatitis	B	core	antigen	(HBcAg)	determi-
nant	by	using	synthetic	peptides	and	monoclonal	antibodies.	
J	Immunol	1988;141:	4376-4380.

	87.	Hadziyannis	SJ,	Papatheodoridis	GV.	Hepatitis	B	e	antigen-
negative	chronic	hepatitis	B:	natural	history	and	treatment.	
Semin	Liver	Dis	2006;26:130-141.	

	88.	Alexopoulou	A,	Karayiannis	P,	Hadziyannis	SJ,	et	al.	Emer-
gence	and	selection	of	HBV	variants	in	an	anti-HBe	posi-
tive	patient	persistently	infected	with	quasi-species.	J	Hep-
atol	1997;	26:748-753.	

	89.	Alexopoulou	A,	Owsianka	AM,	Kafiri	G,	et	al.	Core	vari-
ability	does	not	affect	response	to	interferon	alpha	in	HBeAg	
negative	chronic	hepatitis	B.	J	Hepatol	1998:345-51.

	90.	Carman	WF,	Boner	W,	Fattovich	G,	et	al..	Hepatitis	B	virus	
core	protein	mutations	are	concentrated	in	B	cell	epitopes	
in	progressive	disease	and	in	T	helper	cell	epitopes	during	
clinical	remission.	J	Infect	Dis	1997;175:1093-1100.

	91.	Alexopoulou	A,	Baltayiannis	G,	Eroglu	C,	et	al.	Core	mu-
tations	in	patients	with	acute	episodes	of	chronic	HBV	in-
fection	are	associated	with	the	emergence	of	new	immune	
recognition	sites	and	the	development	of	high	IgM	anti-HBc	
index	values.	J	Med	Virol	in	press.

	92.	Ehata	T,	Omata	M,	Yokosuka	O,	Ohto	M.	Variations	in	co-
dons	84-101	in	the	core	nucleotide	sequence	correlate	with	
hepatocellular	injury	in	chronic	hepatitis	B	virus	infection.	
J	Clin	Invest	1992;	89:332-338.

	93.	Akarca	US,	Lok	ASF:	Naturally	occurring	core-gene-defec-
tive	hepatitis	B	viruses.	J	Gen	Virol	1995;76:1821–1826

	94.	Ackrill	AM,	Naoumov	NV,	Eddleston	ALWF,	Williams	R.	



	 23Mutants	in	the	precore,	core	promoter,	and	core	regions	of	Hepatitis	B	virus,	and	their	clinical	relevance

Specific	deletions	in	the	hepatitis	B	virus	core	open	reading	
frame	in	patients	with	chronic	active	hepatitis	B.	J	Med	Vi-
rol	1993;41:165–169

 95. Marinos G, Torre F, Gόnther S et al: Hepatitis B virus vari-
ants	with	core	gene	deletions	in	the	evolution	of	chronic	hep-

atitis	B	infection.	Gastroenterology	1996;111:183–192
	96.	Gunther	S,	Baginski	S,	Kissel	H,	et	al.	Accumulation	and	

persistence	of	hepatitis	B	virus	core	gene	deletion	mutants	
in	renal	transplant	patients	are	associated	with	end-stage	liv-
er	disease.	Hepatology	1996;24:751-758	

xx	xx	xx	xx	x	xx




