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Abstract
Background & Aims: HBV	infection	exhibits	geographical	variation	in	its	distribution	in	
South	America.	While	HBV	rates	are	low	in	central	Argentina,	the	north-	western	re-
gion	exhibits	 intermediate	HBV	rates.	Unfortunately,	the	reasons	that	could	explain	
this	difference	are	still	unknown.
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1  | INTRODUCTION

Although	 the	 exact	 mechanism	 which	 determines	 hepatitis	 B	 virus	
(HBV) persistence or clearance is not completely understood, the rea-
son for this difference in response is believed to be attributed to nu-
merous	inter-	related	factors,	such	as	viral,	host	and	extrinsic	factors.1

Central	and	South-	East	Asia,	Sub-	Saharan	Africa	and	the	Amazon	
basin	are	high	prevalence	regions	where	the	main	route	of	 infection	
is	vertical	transmission	and	horizontal	transmission	between	children,	
whereby 90% will develop chronic hepatitis as infants or in early child-
hood.	 In	 contrast,	 Europe	 and	USA	are	 low	prevalence	 areas	where	
viral	transmission	mainly	occurs	during	adulthood	and	15%	of	those	
infected will develop chronic hepatitis.1,2

Ten	genotypes	of	HBV	have	been	identified	so	far	(A-	J),	which	are	
further	subdivided	into	subgenotypes.3 They have a distinct distribution. 
Genotype	A	is	present	in	north-	western	Europe,	North	America,	Central	
Africa	and	Asia,	and	genotype	D	has	been	found	throughout	the	world.	
In	contrast,	genotypes	F	and	H	prevail	in	Native	American	populations.3

Methods: A	total	of	1440	Argentines	were	recruited	and	grouped	into	HBV	patients,	
HBV-	resolved	individuals	and	healthy	controls.	Genetic	ancestry	was	assessed	by	anal-
ysis	of	biparental	lineages	and	ancestry	autosomal	typing.	SNPs	of	HLA-DPA1 (rs3077), 
HLA-DPB1 (rs9277542), HLA-DQB1 (rs2856718) and HLA-DQB2 (rs7453920) were 
determined,	 and	HBV	 genotyping	was	 performed	 by	 phylogenetic	 analysis	 in	 HBV	
patients.
Results: Native	 American	 ancestry	 prevailed	 in	 the	 north-	western	 region	
when	compared	 with	 central	 Argentina	 (P<.0001). However, no differences 
were	observed	 among	 the	 three	 groups	 of	 each	 region.	 The	 distribution	 of	
HBV	genotypes	 revealed	 significant	 differences	 (P<.0001).	 Three	 SNPs	
(rs3077,	rs9277542	 and	 rs7453920)	 showed	 a	 significant	 association	 with	
	protection	against	chronic	HBV	and	viral	clearance	 in	both	regions.	The	remain-
ing	SNP	 showed	 a	 significant	 association	 with	 susceptibility	 to	 chronic	 HBV.	
The	frequency	rates	of	rs3077-	T,	related	to	protection	against	chronic	HBV	and	
viral	clearance,	were	lower	in	north-	western	Argentina	when	compared	with	cen-
tral	 Argentina.	 The	 same	 uneven	 frequency	 rates	 were	 observed	 for	 SNP	
rs9277542.
Conclusions: This	 is	the	first	study	addressing	the	associations	between	the	HLA-DP 
and HLA-DQ	loci	and	the	protection	against	chronic	HBV	and	viral	clearance	in	a	multi-
ethnic	South	American	population.	The	uneven	distribution	of	HLA-DP and HLA-DQ 
supports	 the	 HBV	 epidemiological	 differences	 observed	 in	 these	 two	 regions	 of	
Argentina	with	dissimilar	ancestry	genetic	background.

K E Y W O R D S
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Key points
•	 While	HBV	rates	are	low	in	central	Argentina,	the	north-
western	region	exhibits	 intermediate	endemicity.	 In	this	
study,	 genetic	 ancestry,	 viral	 and	 host	 genetic	 factors	
were determined in 1440 subjects from these two distant 
geographical	regions.

•	 SNPs	 rs3077	 (HLA-DPA1), rs9277542 (HLA-DPB1) and 
rs7453920 (HLA-DQB2)	 were	 significantly	 associated	
with	protection	against	chronic	HBV	and	viral	clearance	
in	central	and	north-western	Argentina.

•	 SNP	rs2856718	(HLA-DQB1)	was	significantly	associated	
with	susceptibility	to	chronic	HBV	in	both	regions.

• The uneven distribution of HLA-DP and HLA-DQ support 
the	HBV	epidemiological	 differences	 observed	 in	 these	
regions	 of	 Argentina	 with	 dissimilar	 ancestry	 genetic	
background.
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Cellular	 immune	responses	influenced	by	the	highly	polymorphic	
human	 leucocyte	 antigen	 (HLA)	 class	 I	 and	 II	molecules	 are	 related	
to the outcome of any viral infection in acute or chronic infection.4 In 
this	regard,	a	genomewide	association	study	(GWAS)	revealed	that	11	
single	nucleotide	polymorphisms	(SNPs)	belonging	to	class	II	HLA-DP 
region	are	involved	in	HBV	persistence	or	clearance	among	Japanese	
subjects.5	 However,	 upon	 independent	 validations,	 only	 two	 SNPs	
remained	significant.6	A	second	GWAS	study	has	reported	two	SNPs	
(rs2856718 and rs7453920) within the HLA-DQ	 locus	 to	be	 signifi-
cantly associated with hepatitis B persistence.7 Since then, several 
other	studies	conducted	on	other	populations	have	 investigated	the	
role	of	HLA	variants	on	development	of	persistent	chronic	HBV	infec-
tion or its clearance.8-12 However, no similar studies have been carried 
out	in	Latin	America.

In	 the	 last	 thirty	 years,	 HBV	 has	 emerged	 as	 a	 problem	 among	
the	Native	American	communities	 in	the	Amazon	Basin	and	in	other	
Amazon-	related	ecological	systems	from	South	America.2

Argentina	 is	a	South	American	country	with	a	multiethnic	pop-
ulation.13	 In	 the	 central	 and	 metropolitan	 region,	 the	 population	
consists	mainly	of	European	descendants,	whereas	in	north-	western	
Argentina	 the	 highest	 frequency	 of	Native	American	 ancestry	 has	
been observed.13	With	 regard	 to	HBV	 infection,	 the	 overall	 prev-
alence	 is	 low	 in	the	central	 region14	with	a	high	frequency	of	gen-
otypes	 A	 and	 D.15	 In	 contrast,	 the	 north-	western	 region	 exhibits	
intermediate	 HBV	 rates	 and	 a	 high	 prevalence	 of	 HBV	 genotype	
F,15	particularly	among	 those	 living	 in	 the	area	of	 the	Yungas	 rain-
forest,16,17	a	transitional	environment	between	the	Andes	highlands	
and	the	lowland	tropical	forest	of	the	Amazonia.	Unfortunately,	the	
reasons that could explain the different features of HBV infection 
observed	 in	 two	 geographical	 regions	 of	Argentina	 have	 not	 been	
explored so far.

Thus,	 this	 study	 aimed	 to	 determine	 the	 role	 of	 HLA-	DP	 and	
HLA-	DQ	variants	 on	 the	 persistence	 or	 clearance	 of	HBV	 infection	
and	 its	potential	 association	with	HBV	genotypes	 in	 two	 regions	of	
Argentina	with	dissimilar	ancestry	genetic	background.

2  | MATERIALS AND METHODS

2.1 | Ethics statement

This	study	conformed	to	the	1975	Declaration	of	Helsinki	and	was	ap-
proved by the Ethics Committee on Research from the Italian Hospital 
of	Buenos	Aires,	“Ramos	Mejía”	Hospital,	and	the	Health	Ministry	of	
Jujuy	Province	in	Argentina.

2.2 | Characteristics of studied subjects

A	total	of	1440	Argentines	were	recruited	in	the	period	2013-	2015	in	
the	central	and	north-	western	areas.	All	subjects	signed	an	informed	
consent statement prior to their enrolment in this study and sample 
collection,	and	their	basic	demographic	data	were	recorded.

Subjects	 were	 defined	 into	 three	 groups:	 (i)	 HBV-	infected	 pa-
tients	(201	from	the	central	and	200	from	the	north-	western	region)	

who	exhibited	positivity	 for	HBV	 surface	 antigen	 (HBsAg)	 and	 total	
anti-	HBV	 core	 (anti-	HBc)	 antibodies	 for	 more	 than	 6	months,	 (ii)	
HBV-	resolved	 individuals	 (318	 from	 the	 central	 and	 313	 from	 the	
north-	western	region)	who	were	negative	for	HBsAg	but	positive	for	
total	anti-	HBc	antibodies	and	(iii)	healthy	controls	(207	from	the	cen-
tral	and	201	from	the	north-	western	region)	who	exhibited	negativity	
for	HBsAg	and	total	anti-	HBc	antibodies.

HBV	 status	 was	 measured	 based	 on	 serological	 results	 for	
HBsAg	 and	 anti-	HBc	 (ARCHITECT,	 Abbott,	 IL,	 USA).	 For	 clinical	
staging,	inactive	carrier	state	was	defined	by	the	presence	of	HBsAg	
with	normal	alanine	aminotransferase	(ALT)	 levels	over	1	year	and	
without evidence of cirrhosis. Chronic hepatitis was defined by ele-
vated	ALT	levels	persisting	over	6	months.	Cirrhosis	was	diagnosed	
by	 ultrasonography,	 platelet	 counts	 <100	000/cm3 or a combina-
tion	thereof.	Histological	confirmation	by	fine-	needle	biopsy	of	the	
liver	was	 performed	 as	 required.	 Hepatocellular	 carcinoma	 (HCC)	
was	 diagnosed	 by	 ultrasonography,	 computerized	 tomography,	
magnetic	resonance	imaging,	angiography,	tumour	biopsy	or	a	com-
bination thereof.

2.3 | Molecular evaluation of ancestry

In all samples, ethnicity was assessed in both maternal and paternal lin-
eages	by	analysis	of	the	presence	or	absence	of	Native	American	hap-
logroups	in	mitochondrial	DNA	(A2,	B2,	C	and	D1)	and	Y-	chromosome	
SNPs	(Q1a3a).18

In	order	 to	 further	 increase	 the	analysis	of	genetic	ancestry,	an-
cestry	 informative	markers	 (AIMs)	were	 characterized.19 The paren-
tal	 populations	 used	 as	 reference	 groups	 were	 obtained	 from	 the	
Genome	Diversity	Project—Centre	des	etudes	de	polymorphisms	hu-
mane	(CEPH).

2.4 | HBV genotyping

Partial	amplification	of	HBV	S	gene	was	carried	out	in	all	HBV-	infected	
patients,	and	PCR	products	were	bidirectionally	sequenced.	HBV	gen-
otypes	were	determined	by	phylogenetic	analysis.20

The	 GenBank/EMBL	 accession	 numbers	 for	 the	 sequences	
reported	 in	 this	 study	 are	 KX631743-	KX631919,	 KX641714-	
KX641745,	KJ810920,	KJ810961,	KJ810930,	KJ843166-	KJ843195,	
KJ843209	and	KJ843217.

2.5 | HLA- SNPs genotyping assays

SNPs	 of	 HLA-DPA1 (rs3077), HLA-DPB1 (rs9277542), HLA-DQB1 
(rs2856718) and HLA-DQB2 (rs7453920) were determined by commer-
cial	TaqMan	PCR	assays	(Applied	Biosystems,	Foster	City,	CA,	USA).

2.6 | Statistical analyses

Hardy-	Weinberg	equilibrium	(HWE)	was	performed	on	each	SNP	with	
a	cut-	off	P	value	of	.01.	The	chi-	square	test	of	independence	and	the	
odds	ratio	(OR)	in	two-	by-	two	cross	tables	were	used	for	comparisons	

info:ddbj-embl-genbank/KX631743
info:ddbj-embl-genbank/KX631919
info:ddbj-embl-genbank/KX641714
info:ddbj-embl-genbank/KX641745
info:ddbj-embl-genbank/KJ810920
info:ddbj-embl-genbank/KJ810961
info:ddbj-embl-genbank/KJ810930
info:ddbj-embl-genbank/KJ843166
info:ddbj-embl-genbank/KJ843195
info:ddbj-embl-genbank/KJ843209
info:ddbj-embl-genbank/KJ843217
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of	 cases	 and	 control	 groups,	 using	 R-	program	 (www.r-project.org).	
Statistical	 significance	was	defined	by	P<.05.	Linkage	disequilibrium	
was analysed with the r2	statistic	using	Haploview	software.21	Logistic	
regression	 analyses	 adjusted	 for	 sex	 (used	 as	 independent	 variable)	
were	performed	to	assess	associations	between	the	viral	genetic	fac-
tors,	age,	the	place	of	birth	and	host	genetic	factors	in	the	group	of	
HBV-	infected	 patients.	 HBV	 genotypes	 were	 grouped	 taking	 into	
consideration	their	worldwide	geographical	distribution	(HBV/A	and	
HBV/D	vs	HBV/F	and	HBV/H).	Patients	were	classified	into	four	age	
groups:	18-	30,	31-	40,	41-	50	and	≥51	years.

Moreover,	univariate	and	multivariate	logistic	regression	analy-
ses	were	performed	to	assess	the	effect	of	age,	place	of	birth	and	
host	 genetic	 factors	 on	 the	 risk	 of	 chronic	 infection.	HBV	 geno-
types	were	not	included	in	these	analyses	as	genotyping	was	per-
formed	in	chronic	HBV-	infected	patients,	and	not	in	spontaneous	
resolvers.

Meta-	analysis	 was	 performed	 using	 the	 random-	effects	 model	
(DerSimonian-	Laird	 method)	 or	 fixed-	effects	 model	 to	 calculate	
pooled OR and its 95% confidence interval (95% CI).

3  | RESULTS

3.1 | Characteristics of the study population

The	 demographics	 of	 the	 recruited	 subjects	 are	 shown	 in	 Table	1.	
When	 the	 age	 and	 gender	 distribution	was	 compared	 between	 the	
same	 group	 from	 both	 areas,	 no	 significant	 differences	 were	 ob-
served,	except	among	 the	HBV-	infected	patients.	 In	 this	group,	 the	
HBV-	infected	 patients	 from	 north-	western	 Argentina	 were	 signifi-
cantly	younger	than	those	from	the	central	region	(37.6±5.8	years	vs	
57.2±10.9	years;	P=.0002).

With	 regard	 to	 the	 group	 of	HBV-	infected	 patients,	 statistically	
significant	differences	were	observed	in	the	prevalence	of	HBV	inac-
tive	 carriers	 between	 central	 and	 north-	western	Argentina	 (35%	vs	
46%; P=.0226).	Moreover,	the	HBeAg-	positivity	rate	was	significantly	
higher	among	HBV	chronic	patients	from	the	central	region	(52%	vs	
10%; P<.0001) (Table 2).

3.2 | Molecular evaluation of ancestry

The	 prevalence	 of	 Native	 American	 maternal	 and	 paternal	 haplo-
groups	was	 the	 lowest	 for	 the	 central	 region	when	 compared	with	

north-	western	Argentina	 (Figure	1A-	D).	However,	no	significant	dif-
ferences were observed in the distribution of the maternal and pater-
nal	haplogroups	among	the	three	groups	of	each	geographical	region	
(Figure	1A-	D).

Furthermore,	 the	 major	 ancestry	 component	 as	 revealed	 by	
STRUCTURE analysis was as follows: 86.3% European for central 
Argentines,	 88.2%	 Native	American	 for	 north-	western	Argentines.	
The	minor	component	 (<2.8%)	for	these	populations	was	the	West	
African	ancestry	 (Figure	2).	 In	agreement	with	 the	 results	obtained	
for	the	analysis	of	matri	and	patrilineage,	no	significant	differences	
were	observed	in	the	distribution	of	biparentally	transmitted	mark-
ers	 of	 the	 human	 genome	 among	 the	 three	 groups	of	 each	 region	
(Figure	2).

3.3 | HBV genotyping

HBV S	gene	was	successfully	amplified	 in	356	out	of	401	samples	
(88.8%): 186 samples (186/201; 92.5%) from the central and 170 
samples	 (170/200;	85%)	from	the	north-	western	region.	Statistical	
significant	 differences	 were	 observed	 when	 the	 distribution	 of	
HBV	 genotypes	 was	 compared	 between	 the	 two	 studied	 regions	
(Figure	3).

3.4 | HLA- SNPs genotyping

In	 this	 case-	control	 study,	 two	 SNPs	 in	 HLA-	DP	 (rs3077	 and	
rs9277542)	and	 two	SNPs	 in	HLA-	DQ	 (rs2856718	and	 rs7453920)	

TABLE  1 Demographics	of	the	recruited	subjects	from	the	two	geographical	regions	of	Argentina

Group Healthy control (HBsAg−/Anti- HBc−)
Resolved individuals (HBsAg−/
Anti- HBc+)

Persistent HBV infection (HBsAg+/
Anti- HBc+)

Region Central North- western Central North- western Central North- western

Number	of	samples 207 201 318 313 201 200

Gender	(%	male) 57% 55% 66% 71% 73% 67%

Age	(average±SD) 36.7	±	9.3 34.6	±	9.9 55.4	±	6.7 50.2	±	7.2 57.2	±	10.9 37.6	±	5.8

SD, Standard Deviation.

TABLE  2 Characteristics of the HBV patients included in this 
study

Central region
North- western 
region

Inactive HBV carriers 70 (35%)* 92 (46%)*

Chronic hepatitis 115 (57%) 96 (48%)

60	(52.2%)	HBeAg	[+]** 9	(9.4%)	HBeAg	
[+]**

Cirrhosis 14 (7%) 12 (6%)

HCC 2 (1%) N.D.

Total 201 (100%) 200 (100%)

N.D.,	Not	determined	due	to	the	lack	of	diagnostic	methods	in	the	area.
*P=.0226; **P<.0001.

http://www.r-project.org
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were	analysed.	The	HWE	was	assessed	for	the	four	SNPs	using	the	
chi-	square	 test	with	one	degree	of	 freedom;	however,	 only	 rs3077	
deviated	from	HWE	when	analysed	for	the	HBV	carrier	group	in	the	
central	region.	This	SNP	was	found	to	be	in	HWE	in	healthy	control	
subjects,	 and	 therefore,	 none	of	 the	 SNPs	were	 excluded	 from	 the	
analysis.

The	genotypic	distribution	of	the	four	SNPs	among	HBV-	infected	
patients,	resolved	individuals	and	controls	from	the	two	geographical	
regions	are	shown	in	Tables	3	and	4.	Uneven	frequency	rates	in	the	

two	areas	were	observed	for	SNPs	rs3077	and	rs9277542	(Tables	3	
and	4).	The	prevalence	rates	of	rs3077-	T	and	rs9277542-	T,	related	
to	 protection	 against	 chronic	 HBV	 infection	 and	 clearance,	 were	
lower	among	HBV-	infected	patients	(0.35	for	rs3077-	T	and	0.27	for	
rs9277542-	T),	resolved	individuals	(0.46	for	rs3077-	T	and	0.39	for	
rs9277542-	T)	 and	 uninfected	 controls	 (0.44	 for	 rs3077-	T	 and	 0.4	
for	rs9277542-	T)	from	north-	western	Argentina	when	compared	to	
those	from	the	central	area	 (0.74,	0.83	and	0.82	for	rs3077-	T	and	
0.65,	0.72,	0.73	for	rs9277542-	T	respectively)	(Tables	3	and	4).

F IGURE  1 Prevalence	of	Native	American	mitochondrial	DNA	(mtDNA)	haplogroups	(A2,	B2,	C	and	D1)	and	Y-	chromosome	haplogroup	
(Q1a3a)	among	healthy	uninfected	controls,	resolved	HBV	individuals	and	persistent	HBV	patients	from	central	(A	for	mtDNA	and	C	for	Y-	
chromosome)	and	north-	western	Argentina	(B	for	mtDNA	and	D	for	Y-	chromosome).	*P<.0001	when	comparing	central	(A	and	C)	with	north-	
western	Argentines	(B	and	D	respectively)
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3.4.1 | Protective effects against chronic hepatitis B 
in central and north- western Argentina

In	central	and	north-	western	Argentina,	the	genotype	distribution	in	
HBV carriers compared with healthy uninfected subjects showed that 
all	analysed	SNPs	have	a	significant	association	(Table	3).	With	regard	
to	 the	HLA-	DP	SNPs,	 rs3077-	T	 and	 rs9277542-	T	were	dominantly	
associated	with	protection	against	HBV	infection	with	an	OR	of	0.37,	
95%	C.I.	0.17-	0.80,	and	P	value	of	 .00939	for	 rs3077-	T	and	an	OR	
of	0.43,	95%	C.I.	0.22-	0.82	and	P	value	of	 .00904	for	rs9277542-	T	
in	 central	Argentina;	 and	 an	OR	of	0.55,	95%	C.I.	 0.37-	0.84,	 and	P 
value	of	.00467	for	rs3077-	T	and	an	OR	of	0.58,	95%	C.I.	0.39-	0.87	
and P	value	of	.00792	for	rs9277542-	T	in	the	north-	western	region	
(Table	3).	 In	 contrast,	HLA-	DQ	 rs2856718-	T	 exhibited	 a	 higher	OR	
(1.93,	95%	C.I.	1.25-	2.99,	P	value=.00299	in	the	central	region,	and	
an	OR	of	2.18,	95%	C.I.	1.35-	3.50,	P	value=.00116	in	north-	western	
Argentina),	 indicating	 a	 dominant	 association	 with	 susceptibility	 to	
HBV	 infection,	 whereas	 rs7453920-	A	 was	 dominantly	 associated	
with	protection	against	HBV	infection	with	an	OR	of	0.66,	95%	C.I.	
0.45-	0.97,	 and	P	 value	 of	 .03603	 in	 the	 central	 region,	 and	 an	OR	
of	0.60,	95%	C.I.	0.39-	0.93,	and	P	value	of	.02291	in	north-	western	
Argentina	(Table	3).

The	 results	of	 the	meta-	analysis	across	12	 independent	 studies	
are	 shown	 in	 Table	 S1.	 In	 the	 case	 of	 rs7453920,	 Pmeta = <.0001,	
OR=0.56	was	obtained	only	after	results	from	Al	Qahtani	et	al.	were	
excluded	 (Table	 S1).	 As	 shown	 in	 Table	 S1,	 the	 odds	 ratios	 from	
the	 studies	 included	 in	 the	 meta-	analysis	 were	 heterogeneous	 for	
HLA-	DP	SNPs.

3.4.2 | Clearance of hepatitis B virus in 
central and north- western Argentina

With	regard	to	 the	genotype	distribution	 in	HBV	carriers	compared	
with	 subjects	 with	 resolved-	HBV	 infection,	 all	 analysed	 SNPs	 in	

central	and	north-	western	Argentina	exhibited	a	significant	associa-
tion	(Table	4).	When	the	HLA-	DP	SNPs	were	analysed,	it	was	revealed	
that	 rs3077-	T	 and	 rs9277542-	T	 were	 dominantly	 associated	 with	
HBV	clearance	with	an	OR	of	0.24,	95%	C.I.	0.11-	0.51,	and	P value 
of	.00008	for	rs3077-	T	and	an	OR	of	0.47,	95%	C.I.	0.27-	0.82,	and	P 
value	of	.00684	for	rs9277542-	T	in	central	Argentina;	and	an	OR	of	
0.51,	95%	C.I.	0.35-	0.74,	and	P	value	of	.00040	for	rs3077-	T	and	an	
OR	of	0.52,	95%	C.I.	0.37-	0.75,	and	P	value	of	.00043	for	rs9277542-
	T	in	the	north-	western	region	(Table	4).	In	contrast,	rs2856718-	T	ex-
hibited	a	higher	OR	(1.78,	95%	C.I.	1.19-	2.67,	P value=.00485 in the 
central	region,	and	an	OR	of	2.03,	95%	C.I.	1.31-	3.16,	P value=.00147 
in	 north-	western	Argentina),	 indicating	 a	dominant	 association	with	
persistence	of	infection	HBV;	whereas	rs7453920-	A	was	dominantly	
associated	with	HBV	clearance	with	 an	OR	of	0.65,	 95%	C.I.	 0.45-	
0.92 and P	value	of	.01595	in	the	central	region,	and	an	OR	of	0.47,	
95%	C.I.	0.32-	0.71	and	P	value	of	.00020	in	north-	western	Argentina	
(Table 4).

The	results	of	the	meta-	analysis	across	12	independent	studies	are	
shown	 in	Table	S2.	 In	 the	case	of	 rs3077,	Pmeta = <.0001,	OR=0.59	
was	obtained	only	after	results	from	Wang	et	al.	and	Al	Qahtani	et	al.	
were	excluded	(Table	S2).	In	the	case	of	rs7453920,	Pmeta = <.0001,	
OR=0.64	was	obtained	only	after	results	from	Al	Qahtani	et	al.	were	
excluded	 (Table	S2).	As	shown	 in	Table	S2,	 the	odds	ratios	 from	the	
studies	included	in	the	meta-	analysis	were	heterogeneous	for	HLA-	DP	
SNPs.

3.4.3 | Estimation of linkage disequilibrium

Among	the	HLA	class	II	loci	analysed	in	this	study,	a	weak	linkage	dise-
quilibrium	(r2<.1) was observed between HLA-DQB1/HLA-DQB2 locus 
and HLA-DPA1/HLA-DPB1	loci	in	populations	from	central	and	north-	
western	Argentina	(Figure	4).	However,	the	linkage	disequilibrium	was	
stronger	 between	 HLA-DPA1 (rs3077) and HLA-DPB1 (rs9277542) 
SNPs	 among	 north-	western	 Argentines	 (Figure	4).	 Similar	 linkage	

F IGURE  3 Distribution of HBV 
genotypes	in	central	and	north-	western	
Argentina.	*P<.0001	when	comparing	
central	with	north-	western	Argentina
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disequilibrium	blocks	were	observed	among	 the	 three	subgroups	of	
each	geographical	region	(HBV	carriers,	HBV-	resolved	individuals	and	
healthy controls).

3.5 | Association between host genetic factors and 
disease progression

Data	 analysis	 showed	no	 association	 between	 the	 studied	HLA-	DP	
and	 -	DQ	 SNPs	 across	 disease	 progression	 (chronic	 hepatitis	 and	
cirrhosis	 vs	 inactive	 carriers)	 in	 both	 geographical	 regions	 (data	not	
shown).

3.6 | Logistic regression analyses

No	significant	association	was	observed	between	the	viral	and	host	
genetic	factors	(P=.263);	however,	the	place	of	birth	was	significantly	
associated	 with	 the	 HBV	 genotypes	 (OR=15.8,	 95%	 CI=7.8-	10.2,	
P=1.41 × 10−13)	 and	 the	 genotype	 of	 HLA	 SNPs	 (OR=14.1,	 95%	
CI=7.6-	15.3,	 P=2 × 10−16	 for	 rs3077;	 OR=13.6,	 95%	 CI=6.8-	12.7,	
P=2.8 × 10−13	 for	 rs9277542;	 OR=13.4,	 95%	 CI=6.1-	11.4,	 P=5.9 × 
10−13	for	rs2856718	and	OR=2.85,	95%	CI=2.3-	4.7,	P=1.5 × 10−9 for 
rs7453920).

Although	 age	 was	 not	 associated	 with	 the	 studied	 host	 ge-
netic factors (P=.849),	 it	was	significantly	 related	to	HBV	genotypes	
(OR=1.12,	95%	CI=1.06-	1.18,	P=1.18 × 10−5)	being	the	risk	of	infec-
tion	with	HBV/F	and	H	higher	among	subjects	aged	31-	40	(OR=5.64;	
95%	 CI=2.12-	8.65;	 P=.00019)	 whereas	 the	 risk	 of	 infection	 with	
HBV/A	and	D	was	higher	among	subjects	aged	≥51	 (OR=2.81;	95%	
CI=1.83-	6.79;	P=.0029).

Multivariate	 logistic	 regression	analysis	was	performed	to	deter-
mine	the	independent	effects	of	these	variables	on	the	risk	of	chronic	
HBV	infection.	HBV	genotypes	were	not	included	as	viral	genotyping	
was	performed	in	chronic	HBV-	infected	patients,	and	not	in	sponta-
neous resolvers. In this study, HLA	SNPs	were	the	only	independent	
risk	factors	for	chronic	infection.

4  | DISCUSSION

In	order	to	shed	light	on	the	different	features	of	HBV	infection	ob-
served	 in	South	America,	1440	HBV-	infected	patients,	spontaneous	
resolvers and healthy uninfected controls were recruited in two dis-
tant	geographical	regions	of	Argentina.

In	 Argentina,	 the	 HBV	 epidemiological	 differences	 observed	 in	
the	central	and	north-	western	regions	could	not	be	attributed	to	dis-
similar	viral	transmission,	but	to	a	different	age	at	the	moment	of	in-
fection.	The	transmission	of	HBV	in	Argentina	occurs	mostly	through	
horizontal	 transmission.14	 In	 agreement	 to	what	 has	been	observed	
in	the	Amazon	Basin,2	the	higher	prevalence	of	HBV	infection	in	the	
north-	western	region	does	not	respond	to	vertical	dissemination,	but	
to	horizontal	virus	transmission—probably	during	childhood—through	
mechanisms that are not fully understood.

The	population	diversity	in	South	America	should	be	described	by	
molecular	approaches	in	order	to	avoid	drawing	false	conclusions.22 In 
admixed	populations,	it	is	essential	to	analyse	matri	and	patrilineage	as	
well	as	biparentally	transmitted	markers	of	the	genome	because	both	
can	reveal	different	geographical	ancestry	components.	Furthermore,	
when the sample consists of subpopulations with various disease 
rates,	the	standard	case-	control	analysis	may	result	in	spurious	asso-
ciations	 at	 any	 locus	when	allele	 frequencies	differ	 among	 the	 sub-
populations.23	 In	this	study,	significant	differences	were	observed	 in	
the	ancestry	components	of	the	recruited	subjects	from	both	regions	
(Figures	1A-	D	and	2).	These	results	are	in	agreement	with	those	previ-
ously reported.13,24	It	is	important	to	mention	that	similar	ancestry	ge-
netic	backgrounds	were	found	among	the	three	groups	of	each	region	
(Figures	1A-	D	and	2),	avoiding	the	risk	of	population	substructure	as	a	
confounding	factor	in	the	genetic	association	study.

The	distribution	of	HBV	genotypes	 in	Argentina	displays	striking	
differences,	as	observed	 in	Figure	3.	The	higher	prevalence	of	HBV/
A2	and	HBV/D	in	central	Argentina	and	the	almost	absolute	predomi-
nance	of	HBV/F1b	and	HBV/F4	in	the	north-	western	region	are	in	line	
with previous studies.15 Moreover, as observed in the results herein, 

F IGURE  4 Estimation	of	linkage	
disequilibrium	blocks	in	the	populations	
from	central	and	north-	western	Argentina.	
The	LD	blocks	(r2)	were	analysed	using	the	
Gabriel’s	algorithm
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this	distribution	of	HBV	genotypes	 is	 related	 to	 the	multiethnic	ori-
gin	of	the	population.	While	HBV/F	is	an	indigenous	genotype	of	the	
American	 continent,	HBV/A2	 and	HBV/D	 are	 the	 signatures	 of	 the	
European	colonization.15	The	presence	of	HBV/F	in	central	Argentina	
is	the	result	of	the	recent	arrival	of	immigrants	from	areas	with	high	
proportion	of	Native	American	ancestry	(Bolivia,	Peru	and	even	north-	
western	Argentina)	to	the	central	area.13

The	 earliest	 observations	 recognizing	 HBV	 as	 a	 serious	 health	
problem	among	Native	communities	in	the	American	continent	were	
in	Alaska	 and	 in	 north-	western	Colombia	 and	 the	western	Brazilian	
Amazon.25,26	Later	studies	identified	HBV	as	the	most	common	cause	
of	HCC	among	South	American	natives	and	genotype	F1b	 together	
with	hepatitis	delta	virus	as	responsible	for	epidemic	outbreaks	in	in-
digenous	communities	in	the	Amazon	basin.2,27	In	North	America	and	
the	circumpolar	Arctic,	serologic	surveys	performed	in	the	1970s	and	
1980s	have	demonstrated	that	Alaskan	Eskimos,	Canadian	Inuit	and	
Greenland	Inuit	have	very	high	prevalence	rates	of	HBV.28	In	Alaska,	
a	 high	 incidence	 of	HCC	 in	 Eskimos,	 especially	males,	 has	 been	 re-
ported,	being	HBV	genotypes	A,	D	and	especially	F1b	related	to	higher	
or faster rates of HCC and fibrosis.29	A	recent	report	has	demonstrated	
that	the	combination	of	Basal	Core	Promoter,	preCore	mutations	and	
N51H	mutations	 could	enhance	 the	carcinogenic	potential	of	HBV/
F1b	which	may	explain	 the	unusually	high	 incidence	of	HCC	devel-
opment	 among	Alaska	Native	persons	 chronically	 infected	with	 this	
genotype.30

The	 results	 presented	 herein	 show	 that	 HBV/F4—followed	
by	 HBV/F1b—is	 the	 most	 prevalent	 genotype	 among	 populations	
with	 high	 Native	 American	 ancestry	 components	 in	 north-	western	
Argentina.	Moreover,	although	the	lack	of	diagnostic	methods	for	HCC	
in	the	region	is	a	limiting	factor	for	a	proper	analysis	of	the	situation,	
inactive carrier state is the most common form of clinical presentation 
of	 this	viral	 infection.	 In	contrast	 to	Alaskan	natives,	HBV/genotype	
F1b	does	not	seem	to	be	related	to	liver	cancer	in	Argentina.	Future	
studies	should	focus	on	performing	comparative	nucleotide	and	amino	
acid	 sequence	 analyses	between	Alaskan	 and	Argentinian	HBV/F1b	
isolates.

It	has	been	reported	that	mutations	in	the	Basal	Core	Promoter	and	
preCore	regions	are	 implicated	 in	the	progression	of	the	 infection.31 
Interestingly,	when	compared	with	central	Argentina,	a	lower	hepatitis	
B	e	antigen	(HBeAg)	positivity	rate	was	observed	among	patients	from	
the	north-	western	region,	in	spite	of	their	younger	age	(Tables	1	and	
2).	This	finding	could	be	explained	by	the	different	seroconversion	rate	
observed	 among	 genotypes	 and	 subgenotypes	 (D≫F4>A2>F1b),32 
considering	that	59.6%	of	the	cases	in	north-	western	Argentina	were	
infected	with	HBV/F4.

The	 major	 finding	 of	 the	 present	 study	 was	 that	 host	 genetic	
factors could help explain the different features of HBV infection 
observed	 in	 these	 two	 regions	of	Argentina	with	dissimilar	 ancestry	
genetic	 background.	 Three	 of	 four	 SNPs	 (rs3077,	 rs9277542	 and	
rs7453920)	showed	a	significant	association	with	protection	against	
chronic	HBV	and	viral	clearance	in	both	regions,	whereas	the	remain-
ing	SNP	rs2856718	exhibited	a	significant	association	with	suscepti-
bility to chronic HBV.

The HLA-DQB2	 SNP	 rs7453920	 failed	 to	 show	 any	 association	
with	 susceptibility	 to	 HBV	 infection	 as	 observed	 by	Mbarek	 et	al.7 
Similar	observations	were	made	for	the	non-	risk	allele	A	of	rs7453920,	
which	was	also	dominantly	associated	with	protection	against	chronic	
HBV	and	clearance	in	both	regions	of	Argentina.	However,	these	re-
sults	are	in	contrast	to	those	reported	in	Saudi	Arabia	where	the	allele	
G	was	dominantly	associated	with	HBV	clearance.11 The dissimilar an-
cestry	genetic	background	of	Argentines	and	Saudi	Arabian	may	help	
elucidate	this	difference	in	genotype	distribution.

The	 SNP	 rs2856718,	 located	 in	 the	 intergenic	 region	 between	
HLA-DQA2 and HLA-DQB1, was found to be dominantly associated 
with HBV infection in both areas, which was consistent with previous 
studies.7,11

In	 addition	 to	 the	 above	 two	 SNPs,	 HLA-DPA1	 SNP	 rs3077-	T	
showed	a	protective	effect	against	HBV	infection	and	a	significant	as-
sociation	with	HBV	clearance	in	Argentina.	The	result	obtained	herein	
was consistent with studies conducted on different populations that 
reported	the	T	allele	to	have	a	protective	effect	against	chronic	HBV	
infection,5,7,10,11	while	 others	 also	 reported	 a	 significant	 association	
with HBV clearance.6,9,12,33-36

Among	all	evaluated	alleles,	only	rs3077	deviated	from	HWE	when	
analysed	 for	 the	HBV	 carrier	 group	 in	 the	 central	 region.	The	most	
likely	reason	is	that	the	immune	response	is	greatly	diminished	in	ho-
mozygous	 carriers	who	 are	 therefore	 a	 selected	 population	 among	
carriers	of	persistent	HBV	infection.	Familial	relationship	did	not	apply	
for	the	violation	of	the	HWE	as	the	patients	had	not	been	related	with	
each	other,	and	assay	error	is	unlikely	since	the	HWE	was	observed	in	
the	control	group.

With	 regard	 to	HLA-DPB1	 SNP	 rs9277542,	 similar	 observations	
to	 those	obtained	 in	 this	 study	were	made	 for	 the	non-	risk	allele	T,	
which	was	also	dominantly	associated	with	protection	against	chronic	
HBV	infection	and	HBV	clearance	among	Japanese	and	Korean	pop-
ulations.6	This	 SNP,	which	 shows	 strong	 linkage	 disequilibrium	with	
rs9277535	 on	 the	 HapMap	 JPT,	 has	 been	 related	 to	 chronic	 HBV	
infection	 in	Asian	 and	 Saudi	 Arabian	 populations,7,9,10,35 but not in 
Caucasians,	African	 and	European	Americans.10,37 This could be ex-
plained	 by	 substantial	 variation	 in	 linkage	 disequilibrium	 patterns	
among	different	populations.

Meta-	analysis	 revealed	 that	 these	 results	 were	 similar	 to	 those	
obtained	among	Asian	populations.	However,	P values were lower in 
those	 reports,	most	 likely	 as	 a	 consequence	 of	 the	 high	 number	 of	
samples	enrolled	in	each	Asian	study.5-9,12,33-36 Moreover, the fact that 
these	 genetic	variants	 have	 such	 a	 strong	 impact	 on	HBV	 infection	
among	different	worldwide	populations	may	 indicate	that	they	have	
actually	 been	 under	 selection	 pressure.	When	 early	 human	 popula-
tions	migrated	 from	Africa	 to	 Europe,	Asia	 and	 the	Americas—each	
with	different	climates	and	sources	of	food,	they	encountered	mark-
edly	different	pathogenic	environments,	likely	resulting	in	population-	
specific selection on the immune response. Today, the functional 
consequences	of	 the	 genetic	variants	 that	 facilitated	 survival	 in	 an-
cestral	Asian,	European	and	American	human	populations	might	un-
derlie the phenotypic differences reported between individuals and 
groups.38
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The	 frequency	 rates	 of	 rs3077-	T,	 related	 to	 protection	 against	
chronic	 HBV	 infection	 and	 clearance,	 were	 lower	 in	 north-	western	
Argentina	when	compared	to	the	central	area.	The	same	uneven	fre-
quency	 rates	were	 observed	 for	 SNP	 rs9277542.	This	 is	 consistent	
with	previous	data	which	show	that	the	frequencies	of	the	protective	
alleles	for	rs3077-	T	and	rs9277542-	T	are	markedly	different	between	
populations.39	Taken	together,	all	 these	findings	of	HLA-DP	genomic	
variations	may	 shed	 light	 on	 the	difference	 in	 the	 geographical	 dis-
tribution of HBV infection: it is possible that the lower prevalence of 
chronic	HBV	infection	in	central	Argentina	is	due	to	the	higher	preva-
lence of the protective HLA-DP	alleles.	Similarly,	the	high	prevalence	
of	chronic	HBV	in	the	north-	western	region	is	likely	due	to	the	lower	
prevalence of the protective HLA-DP alleles.

The	 results	 from	 the	 present	 study	 suggest	 that	 HLA-DP and 
HLA-DQ	 variations	 are	 probably	 some	 of	 the	 genetic	 factors	which	
play an important role in the development of chronicity of HBV in-
fection. However, it should be noted that other factors, such as viral, 
environmental	and	other	host	genetic	factors,	are	also	associated	with	
chronicity	of	HBV	infection.	Although	in	this	study	logistic	regression	
analyses	showed	no	significant	association	between	the	viral	and	host	
genetic	 factors,	 both	were	 independently	 associated	with	 the	 geo-
graphical	origin	of	the	infected	individual.	Moreover,	age	was	signifi-
cantly	related	to	HBV/genotypes,	but	not	to	HLA	SNPs.	Multivariate	
analysis	 confirmed	 that	HLA	 SNPs	 are	 independent	 risk	 factors	 for	
chronic	HBV	 infection.	These	 results	are	 in	agreement	with	 the	dis-
similar	 demographical	 characteristics	 and	 ancestry	 background	 of	
HBV-	infected	patients	in	Argentina,	and	help	clarify	the	effects	of	the	
multiple	overlapping	factors	that	impact	the	different	features	of	this	
viral	 infection	observed	 in	 these	distant	geographical	 regions	of	 the	
same country.

Although	it	would	have	been	interesting	to	compare	host	genetic	
and	viral	factors	related	to	HBV	infection	between	indigenous	popula-
tions	residing	in	the	different	geographical	areas,	there	are	unfortunately	
no	 remaining	 autochthonous	 populations	 in	 the	 central	 Argentina.	
In	 the	north-	western	and	central	 regions	of	Argentina,	historical	dif-
ferences	 in	 pattern	 of	 settlement	 and	 migration	 have	 resulted	 in	 a	
higher	contribution	of	Native	American	ancestry	among	north-	western	
Argentines	due	to	the	high	population	density	of	aboriginal	in	the	area	
at	the	moment	of	the	conquest;	and	a	higher	contribution	of	Caucasian	
European	ancestry	among	central	and	metropolitan	Argentines,	due	to	
the	presence	of	sparse	populations	of	semi-	sedentary	and	nomadic	na-
tives	in	the	region	at	the	moment	of	the	conquest	and	the	arrival	of	a	
large	number	of	European	immigrants	from	1856	to	1930	to	the	Port	
of	Buenos	Aires,	the	main	port	of	Argentina.13	Consequently,	current	
population	in	central	Argentina	consists	of	European	immigrants,	their	
descendants and admixed people.13

This is the first study to report the associations between the 
HLA-DP and HLA-DQ	loci	and	the	protection	against	chronic	HBV	and	
viral	clearance	in	a	multiethnic	South	American	population.	These	re-
sults	 suggest	 that	 comparative	 analyses	of	HLA-DP and HLA-DQ al-
leles	and	haplotypes	are	urgently	needed	in	these	populations	as	they	
would	clarify	key	host	factors	of	the	susceptible	and	protective	HLA 
alleles and haplotypes for chronic HBV and clearance.
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