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Summary
Background: Chronic hepatitis B virus (HBV) infection is a great health burden with 
geographical variations.
Aims: To explore genetic variants associated with chronic HBV infection.
Methods: The study included 15 352 participants seropositive for HBV core anti-
bodies in Taiwan Biobank. Among them, 2591 (16.9%) seropositive for HBV surface 
antigen (HBsAg) were defined as chronic HBV infection. All participants were ex-
amined for whole-genome genotyping by Axiom-Taiwan Biobank Array. The human 
leucocyte antigen (HLA) imputation was performed after identification of the vari-
ants within the region. Logistic regressions were used to estimate odds ratios (ORs) 
with 95% confidence intervals. Correlations of different HLA allele frequencies with 
HBsAg seroprevalence were evaluated across worldwide populations by Pearson 
correlation coefficients. Epitope prediction was performed for HLA alleles using 
NetMHCIIpan method.
Results: Located within a cluster of 450 single nucleotide polymorphisms in HLA 
class II, rs7770370 (P = 2.73 × 10−35) was significantly associated with HBV chronic-
ity (Pcorrected < 8.6 × 10−8). Imputation analyses showed that HLA-DPA1*02:02 and 
HLA-DPB1*05:01 were associated with chronic HBV, with adjusted ORs of 1.43 (1.09-
1.89) and 1.61 (1.29-2.01). These allele frequencies were positively correlated with 
global HBsAg seroprevalence, with R of 0.75 and 0.62 respectively (P < 0.05). HLA-
DRB1*13:02, HLA-DQA1* 01:02 and HLA-DQB1*06:09 associated with HBV chronicity 
negatively, with adjusted ORs of 0.31 (0.17-0.58), 0.70 (0.56-0.87) and 0.33 (0.18-
0.63). These HLA alleles had various binding affinities to the predicted epitopes de-
rived from HBV nucleocapsid protein.
Conclusions: HLA class II variants are relevant for chronicity after HBV acquisition.
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1  | INTRODUC TION

Hepatitis B virus (HBV) infection is one of the major risk factors 
for advanced liver diseases. Individuals with HBV infection are 
at risk of hepatic decompensation, cirrhosis, or liver cancer, and 
approximately 800 000 individuals lose their lives each year due 
to HBV-related complications.1 Global Burden of Disease esti-
mates show high morbidity and mortality due to chronic HBV 
infection, despite decreases in chronic infection rate over the 
past few decades.1 Although highly effective hepatitis B vac-
cines have been available, curative anti-virals are still unavail-
able.2 Understanding how to control chronic HBV infection is 
urgently needed.

Antibody to hepatitis B core antigen (anti-HBc) is one of the 
critical seromarkers that indicates either previous or ongoing HBV 
infection.3 Chronic vs acute infection is defined by the presence 
of hepatitis B surface antigen (HBsAg) for at least 6 vs less than 
6 months. Across the world, approximately 257 million people 
are chronically infected with HBV,4 75% of whom reside in the 
Asian Pacific region. There are large geographical variations in 
HBsAg seroprevalence across countries.5 Southeast Asia, sub-Sa-
haran Africa, China, Indonesia and Nigeria are considered highly 
endemic regions as the prevalence of chronic HBV infection in 
the population can be greater than 8%, while South and Central 
America, Eastern and Southern Europe, and Southwest Asia are 
considered intermediately endemic areas, with prevalence rates 
between 2% and 7%.6 Developed countries in Western Europe and 
North America are classified as low endemic areas, since chronic 
HBV infection rates range from 0.5% to 2.0%.6 Persistent HBV 
infection may also be attributed to the heterogeneity of genetic 
backgrounds.

Recent genome-wide association studies (GWAS) have identi-
fied genetic variants that are associated with persistent HBV in-
fection.7-14 However, the previous history of HBV infection among 
study participants in these studies was unknown;7,8,10 thus, the 
control group may have included individuals who had never ac-
quired HBV infection.12,13 Although three GWASs9,11,14 did utilise 
both anti-HBc and HBsAg to define chronic HBV infection and 
spontaneous HBV clearance, the study participants with chronic 
HBV infection were heterogeneous and consisted of a mixed group 
that included both healthy HBV carriers and patients with end-
stage liver diseases.11 Therefore, community-based studies con-
ducted in a homogenous population that explore genetic variants 
associated with persistent HBV infection are still limited. In ad-
dition, whether these identified variants were attributable to the 
geographical variations of HBsAg prevalence globally remained 
unknown.

This large-scale GWAS carried out in a HBV highly endemic area 
aimed to explore genetic variants associated with chronic HBV in-
fection. The genetic variants associated with chronic HBV infection 
were additionally evaluated for their correlations with different 
prevalence of chronic HBV infection worldwide.

2  | MATERIAL S AND METHODS

2.1 | Study population

The individuals were enrolled from the Taiwan Biobank, a large-scale 
community-based study that was established to enable the inves-
tigation of associations between genes, environment and human 
health.15 The Taiwan Biobank recruited adults aged 30-70 years 
from the general population. At study entry, all participants were 
free of cancers and provided written informed consent for inter-
views, a physical examination and biospecimen collection. The 
Taiwan Biobank collected information on sociodemographic char-
acteristics, lifestyle and dietary habits, environmental exposures, 
and personal or family histories of major diseases using a structured 
questionnaire. Blood samples were collected for whole-genome sin-
gle nucleotide polymorphism (SNP) genotyping as well as biochemi-
cal and virological testing. This study protocol was approved by the 
institutional review board of National Yang-Ming University, Taipei, 
Taiwan.

2.2 | Chronic hepatitis B infection

All study participants were tested for their hepatitis B core antibod-
ies (anti-HBc), hepatitis B surface antigen (HBsAg) and antibodies 
against hepatitis C virus (anti-HCV). As the Taiwanese government 
began the implementation of a nationwide vaccination program for 
newborns in 1984, all participants who had been previously vacci-
nated were excluded from the study. In addition, those who were 
seropositive for anti-HCV were also excluded from this study. A 
total of 15 352 participants who were anti-HBc seropositive were 
defined as having previously acquired HBV infection. Among those 
who were seropositive for anti-HBc, individuals seropositive for 
HBsAg were defined as chronically infected with hepatitis B, while 
individuals seronegative for HBsAg were defined as having resolved 
past HBV infection. In our study population, a total of 2591 (16.9%) 
individuals had chronic hepatitis B infection, and 12 761 (83.1%) had 
resolved HBV infection.

2.3 | GWAS power calculation

Statistical power for genetic associations was evaluated using the 
GAS Power Calculator (http://csg.sph.umich.edu/abeca sis/CaTS/
gas_power_calcu lator /index.html), with the assumption of a chronic 
HBV prevalence of 16.9%, and a significance threshold of 7.7 × 10−8. 
A case-control study with a total of 12 000 study participants would 
be able to detect genetic variants with a risk allele frequency ≥0.05 
and a relative risk ≥1.5 with sufficient statistical power (>80%). In 
this study, we randomly allocated study participants (N = 15 352) at 
a three-to-one ratio, resulting in 11 514 individuals for the discovery 
phase and 3838 individuals for the replication phase.

http://csg.sph.umich.edu/abecasis/CaTS/gas_power_calculator/index.html
http://csg.sph.umich.edu/abecasis/CaTS/gas_power_calculator/index.html
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2.4 | Genome-wide SNP genotyping and 
quality control

All participants had their genomic DNA samples whole-genome SNP 
genotyped using the customised Axiom-Taiwan Biobank Array (TWB 
chip: Affymetrix, Inc). The customised SNP array included 653 291 
SNPs that were specifically selected for the Taiwanese population,16 
and genotyping was performed using standardised procedures at 
the National Center of Genome Medicine, Academia Sinica, Taipei, 
Taiwan. The study flowchart is shown in Figure 1. During the GWAS 
phase, study samples and SNPs were excluded using the quality con-
trol procedures as follows: a sample call rate <97%, a SNP call rate 
<97%, a minor allele frequency <0.01, and if in violation of Hardy-
Weinberg equilibrium (P < 10−4). Individuals with outlying autosomal 
heterozygosity rates (beyond a range of mean ± 3 standard devia-
tions) and highly correlated individuals with identity-by-descent 
>0.1875 were also excluded from subsequent analyses. In the end, 
583 383 autosomal SNPs were included in the GWAS phase, and 

we subsequently examined their associations with chronic HBV 
infection.

2.5 | HLA imputation

HLA imputation was performed during the replication phase. 
Imputation is a valuable tool used to investigate the intricate major 
histocompatibility complex (MHC) region. SNP genotype infor-
mation within an extended MHC region between 25 759 242 and 
33 534 872 base pairs based on hg19 positions were used with a 
Taiwanese reference for imputation.17 Two-field HLA imputation 
was performed on HLA-DRB1, HLA-DQA1, HLA-DQB1, HLA-DPA1 
and HLA-DPB1 using the HIBAG R package,18 which infers HLA gen-
otypes by averaging posterior probabilities from all classifiers that 
are built on bootstrapping samples and SNPs subsets. We applied a 
post-imputation quality control of a call threshold = 0.5 to remove 
poorly imputed HLA alleles. In the end, 549 chronic HBV infected 

F I G U R E  1   Study design flow chart
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cases and 2688 HBV resolved controls with a call threshold ≥0.5 at 
all of the HLA loci were included in subsequent analyses. HLA haplo-
types were examined using Arlequin software version 3.5.

2.6 | Global HLA allele frequencies and HBsAg 
seroprevalence

In order to evaluate the associations of HLA alleles with chronic 
hepatitis B infection at the global level, we collected information 
on HLA allele frequencies and HBsAg seroprevalence. HLA allele 
frequencies were obtained from the allele frequency net database 
(AFND, http://www.allel efreq uenci es.net), an online repository 
that includes worldwide population frequency information for 
some specific HLA alleles.19 The database contains various allele 
frequencies at a given HLA allele that were uploaded by different 
study groups in the same country. Therefore, to create a standard-
ised frequency for each country, we weighted each specific allele 
frequency by the reported sample size, then divided this product 
by the total reported sample size for each country. This quotient 
was the average HLA frequency of a given country. We obtained 
the HBsAg seroprevalence of each country from a comprehensive 
review article on the global epidemiology of HBV infection.6 We 
used the Pearson correlation coefficient to examine the correlation 
between a given HLA allele frequency and HBsAg seroprevalence 
across countries.

To determine the possible prevalence of chronic HBV infection 
attributable to a specific HLA allele, we calculated population attrib-
utable fractions using a fundamental formula 

Pe (RR−1)

Pe (RR−1)+1
,20 with Pe 

being the prevalence of a given HLA risk allele among controls and 
the adjusted ORs to approximate the relative risk (RR) in the general 
population. Preventable fractions for protective HLA alleles were 
obtained using reverse coding.

2.7 | Prediction of T cell epitopes for the HBV 
nucleocapsid protein

Epitope prediction for the HLA alleles found to be associated with 
chronic HBV infection was performed using the NetMHCIIpan 
method in the immune epitope database (IEDB). The HBV nucleocap-
sid antigen sequence was used for prediction with half maximal inhib-
itory concentrations (IC50) generated for core peptides. A low IC50 
indicated a higher affinity between the HBV antigen and HLA alleles.

2.8 | Statistical methods

Prior to exploring SNP associations with chronic HBV infection, we 
first evaluated whether there was any existing population stratifica-
tion. In the quantile-quantile plot of observed vs expected P values, 
the genomic inflation factor was found to be 1.039. In addition, using 
the first two components, principle component analysis showed 

that the cases and controls were from the same cluster, suggesting 
that any population stratification was limited and negligible. We ex-
amined the 583 383 SNPs and their associations with chronic HBV 
infection using an additive model, and set a Bonferroni corrected 
P < 8.6 × 10−8 as the significance level. We generated a Manhattan 
plot of –log10 P values for all SNPs. In addition, we also produced a 
regional plot of significant SNPs using LocusZoom. (http://csg.sph.
umich.edu/locus zoom/). The genome-based restricted maximum 
likelihood algorithm in the GCTA program was utilised for heritability 
estimation.

After HLA imputation, we used Fisher's exact tests to compare 
differences in allele frequencies at a given HLA gene between those 
with chronic HBV infection and those with resolved HBV infection. 
Alleles or haplotypes with frequencies <1% were combined as rare 
alleles or haplotypes. Logistic regression models were used to ob-
tain odds ratios (ORs) with 95% confidence intervals for the associ-
ations between SNPs, HLA alleles or haplotypes with chronic HBV 
infection. We also adjusted for other confounding factors including 
age, sex, serum alanine aminotransferase (ALT) level, body mass 
index, cigarette smoking and alcohol consumption in the multiple 
logistic regression models. Statistical analyses were performed with 
PLINK, R packages, and SAS version 9.4 (SAS Institute, Inc, Cary, 
NC).

3  | RESULTS

The baseline characteristics of study participants in the GWAS and 
replication phases are shown in Table 1. There were a total of 1943 
chronic HBV infected cases and 9571 resolved controls in the GWAS 
phase, and 648 chronic HBV infected cases and 3190 resolved con-
trols in the replication phase. There were no significant differences in 
age, sex, HBsAg status, cigarette smoking and alcohol consumption 
between individuals in the two phases. However, participants in the 
replication phase had significantly higher proportions of high body 
max index, and elevated serum ALT levels (≥45 U/L). Participants 
with chronic HBV infection tended to be younger in age, male, and 
have elevated serum ALT levels compared to those with resolved 
HBV infection (P < 0.05).

3.1 | SNPs on HLA genes associated with chronic 
HBV infection

After quality control measures, we examined a total of 583 383 
SNPs among 1810 chronic HBV infected cases and 9002 HBV re-
solved controls in the GWAS phase. The heritability was 0.62 for 
chronic HBV infection. A Manhattan plot showed a large cluster 
of SNPs that were associated with HBV chronic infection (Figure 
S1), with 450 SNPs that reached significance (P < 8.6 × 10−8). 
These SNPs were located on chromosome 6. Extensive linkage 
disequilibrium patterns were found among the 450 SNPs, cor-
responding with three significant peaks around the HLA-DPA1/

http://www.allelefrequencies.net
http://csg.sph.umich.edu/locuszoom/
http://csg.sph.umich.edu/locuszoom/
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TA B L E  1   Baseline characteristics of study participants among the two phases

Baseline 
characteristics

GWAS phase (n = 11 514) Replication phase (n = 3 838)

PTotal

Chronic 
infected 
cases 
(n = 1943)

Resolved 
controls 
(n = 9571) P Total

Chronic 
infected 
cases 
(n = 648)

Resolved 
controls 
(n = 3190) P

Age

30-39 2049 (17.8%) 541 
(27.8%)

1,508 
(15.8%)

<0.0001 651 (17.0%) 179 (27.6%) 472 
(14.8%)

<0.0001 0.5190

40-49 3174 (27.6%) 623 
(32.1%)

2551 
(26.7%)

1096 (28.6%) 198 (30.6%) 898 
(28.2%)

50-59 3510 (30.5%) 483 
(24.9%)

3027 
(31.6%)

1175 (30.6%) 178 (27.5%) 997 
(31.3%)

60+ 2781 (24.2%) 296 
(15.2%)

2485 
(26.0%)

916 (23.9%) 93 (14.4%) 823 
(25.8%)

Sex

Male 5903 (51.3%) 1094 
(56.3%)

4809 
(50.2%)

<0.0001 2017 (52.6%) 378 (58.3%) 1639 
(51.4%)

0.0012 0.1676

Female 5611 (48.7%) 849 
(43.7%)

4762 
(49.8%)

1821 (47.4%) 270 (41.7%) 1551 
(48.6%)

HBsAg status

Seronegative 9571 (83.1%) 0 (0.0%) 9571 
(100.0%)

3190 (83.1%) 0 (0.0%) 3190 
(100.0%)

0.9901

Seropositive 1943 (16.9%) 1943 
(100.0%)

0 (0.0%) 648 (16.9%) 648 
(100.0%)

0 (0.0%)

Body mass index

<18.5 257 (2.2%) 54 (2.8%) 203  
(2.1%)

0.1387 114 (3.0%) 17 (2.6%) 97 (3.0%) 0.5851 0.0095

18.5-24.9 6774 (58.8%) 1166 
(60.0%)

5608 
(58.6%)

2214 (57.7%) 379 (58.5%) 1835 
(57.5%)

25.0-29.9 3748 (32.6%) 606 
(31.2%)

3142 
(32.8%)

1228 (32.0%) 198 (30.6%) 1030 
(32.3%)

>30 735 (6.4%) 117 (6.0%) 618  
(6.5%)

282 (7.3%) 54 (8.3%) 228 (7.1%)

Serum ALT level, U/L

<45 10 589 
(92.0%)

1712 
(88.1%)

8877 
(92.7%)

<0.0001 3479 (90.6%) 540 (83.3%) 2939 
(92.1%)

<0.0001 0.0105

≥45 925 (8.0%) 231 
(11.9%)

694  
(7.3%)

359 (9.4%) 108 (16.7%) 251 (7.9%)

Cigarette smoking

No 9949 (86.4%) 1670 
(85.9%)

8279 
(86.5%)

0.5179 3295 (85.9%) 541 (83.5%) 2754 
(86.3%)

0.0582 0.3862

Yes 1565 (13.6%) 273 
(14.1%)

1292 
(13.5%)

543 (14.1%) 107 (16.5%) 436 
(13.7%)

Alcohol consumption

No 10 634 
(92.4%)

1793 
(92.3%)

8841 
(92.4%)

0.8883 3523 (91.8%) 598 (92.3%) 2925 
(91.7%)

0.6172 0.2583

Yes 880 (7.6%) 150 (7.7%) 730  
(7.6%)

315 (8.2%) 50 (7.7%) 265 (8.3%)

Note: Abbreviations: ALT, alanine aminotransferase; GWAS, genome-wide association study; HBsAg, hepatitis B surface antigen.
Note: Baseline characteristics of study participants were compared between chronic HBV infected cases and resolved controls within GWAS and 
replication phase using the chi-squared test. Comparison was also performed between two phases.
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DPB1, HLA-DQB1/DRB1 and BTNL2 genes (Figure 2). The most 
significantly associated SNP was rs7770370, with an OR of 0.61 
(0.56-0.66; P = 2.73 × 10−35). During the replication phase, the 450 
significant SNPs were further validated among the 648 chronic 
HBV infected cases and 3190 HBV resolved controls. After cor-
rection for multiple testing, 242 of 450 SNPs remained signifi-
cantly associated with chronic HBV infection (P < 0.0001). The 
frequencies and ORs of the 450 SNPs examined in the two phases 
are displayed in Table S1.

3.2 | HLA class II genes and the associated risk of 
HBV chronicity

We identified 17 HLA-DRB1 alleles, 12 HLA-DQA1 alleles, 12 HLA-
DQB1 alleles, 5 HLA-DPA1 alleles and 13 HLA-DPB1 alleles with allele 
frequencies >1%. There were 549 chronic HBV infected cases and 
2688 resolved controls that had adequate imputation quality (call 
threshold >0.5) at all of the five HLA class II genes. The alleles HLA-
DRB1*13:02, HLA-DQA1*01:02, HLA-DQB1*06:09, HLA-DPA1*02:02 

F I G U R E  2   Regional plot of the SNPs associated with chronic HBV infection
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and HLA-DPB1*05:01 showed significantly different frequen-
cies between chronic HBV infected cases and resolved controls 
(P < 0.0008) (Tables S2-S6). Compared to resolved controls, a high 
proportion of chronic HBV infected cases carried HLA-DPA1*02:02 
and HLA-DPB1*05:01. After adjustment for potential confounders, 
HLA-DPA1*02:02 and HLA-DPB1*05:01 still showed significant posi-
tive associations with chronic HBV infection, with adjusted ORs of 
1.43 (1.09-1.89; P = 0.0105) and 1.61 (1.29-2.01; P < 0.0001) respec-
tively (Table 2). On the other hand, three HLA alleles showed nega-
tive associations with chronic HBV infection; the adjusted ORs were 
0.31 (0.17-0.58; P = 0.0003) for HLA-DRB1*13:02, 0.70 (0.56-0.87; 
P = 0.0013) for HLA-DQA1*01:02, and 0.33 (0.18-0.63; P = 0.0006) 
for HLA-DQB1*06:09 (Table 2).

Because of the strong linage disequilibrium patterns within the 
HLA-DPA1/ HLA-DPB1 and HLA-DRB1/ HLA-DQB1 gene loci, we also 
performed haplotype analyses. Individuals who carried the HLA-
DPA1*02:02-DPB1*05:01 haplotype were found to have a higher 
likelihood of having chronic HBV infection, with an adjusted OR of 
1.59 (1.28-1.97; P < 0.0001). On the other hand, HLA-DRB1*13:02-
DQB1*06:09 showed a negative association, with an adjusted OR of 
0.33 (0.18-0.63; P = 0.0006) (Table 3, Tables S7 and S8).

3.3 | HLA allele frequencies correlated with global 
HBsAg seroprevalence

Figure S2 shows that both allele frequencies for HLA-DPA1*02:02 
and HLA-DPB1*05:01 were positively correlated with HBsAg sero-
prevalence, with Pearson's R coefficients of 0.75 (P = 0.00031) and 
0.62 (P = 0.032) respectively. After excluding the data in Taiwan, 
where HBV is prevalent, the HLA-DPB1*05:01 still showed a positive 
correlation with global HBsAg seroprevalence (R = 0.69, P = 0.0021). 
The population attributable fractions for HLA-DPA1*02:02 and 
HLA-DPB1*05:01 in chronic HBV infection were 26.3% and 29.5% 

respectively. On the other hand, the preventable fractions were 
67.7% for HLA-DRB1*13:02, 22.7% for HLA-DQA1*01:02 and 65.7% 
for HLA-DQB1*06:09. There were no significant correlations be-
tween allele frequencies of HLA-DRB1*13:02, HLA-DQA1*01:02 and 
HLA-DQB1*06:09 and HBsAg seroprevalence worldwide (R = −0.077, 
0.22, and 0.38).

3.4 | T cell epitope prediction for the HBV antigen

We examined potential peptide binding repertoires to investigate 
immune responses driven by the HLA class II alleles that we found 
to be associated with chronic HBV infection. A set of 514 predicted 
epitopes were generated for HLA-DRB1*13:02, HLA-DQA1*01:02/ 
HLA-DQB1*06:09 and HLA-DPA1*02:02/ HLA-DPB1*05:01. Table S9 
lists the top 10th percentile (IC50 ≤ 500 nM) of predicted epitopes 
that were recommended by the immune epitope database for se-
lecting binders with sufficient affinity. Among those predicted 
epitopes, the protective HLA-DRB1*13:02 allele had the most poten-
tial epitopes with better binding affinities (IC50 < 100 nM). The pre-
dicted epitopes for HLA-DQA1*01:02/ HLA-DQB1*06:09 had mostly 
intermediate binding affinities (100 nM ≤ IC50 < 250 nM). On the 
other hand, the risk HLA-DPA1*02:02/ HLA-DPB1*05:01 genotype 
showed a larger proportion of predicted epitopes with relatively 
lower binding affinities. (250 nM ≤ IC50 < 500 nM) (Table S10).

4  | DISCUSSION

We conducted a GWAS and found a significant cluster of SNPs 
within the HLA class II region that was associated with chronic HBV 
infection. Due to extensive polymorphisms and linkage disequilib-
rium patterns among HLA class II loci, we used imputation to ex-
amine HLA class II region. We found that the HLA-DRB1*13:02, 

TA B L E  2   HLA Class II genotypes and their associated ORs for chronic HBV infection

HLA alleles

Chronic infected 
cases (n = 549)

Resolved controls 
(n = 2688)

Crude OR (95% CI) P
Adjusted OR (95% 
CI)a  PN % N %

Non DRB1*13:02 538 98.0 2,527 94.0 1.00 (referent) 1.00 (referent)

DRB1*13:02 11 2.0 161 6.0 0.32 (0.17-0.60) 0.0003 0.31 (0.17-0.58) 0.0003

Non DQA1*01:02 418 76.1 1,843 68.6 1.00 (referent) 1.00 (referent)

DQA1*01:02 131 23.9 845 31.4 0.68 (0.55-0.85) 0.0005 0.70 (0.56-0.87) 0.0013

Non DQB1*06:09 538 98.0 2,538 94.4 1.00 (referent) 1.00 (referent)

DQB1*06:09 11 2.0 150 5.6 0.35 (0.19-0.64) 0.0008 0.33 (0.18-0.63) 0.0006

Non DPA1*02:02 70 12.8 458 17.0 1.00 (referent) 1.00 (referent)

DPA1*02:02 479 87.2 2,230 83.0 1.41 (1.07-1.84) 0.0136 1.43 (1.09-1.89) 0.0105

Non DPB1*05:01 121 22.0 843 31.4 1.00 (referent) 1.00 (referent)

DPB1*05:01 428 78.0 1,845 68.6 1.62 (1.30-2.01) <0.0001 1.61 (1.29-2.01) <0.0001

Abbreviations: CI, confidence interval; HBV, hepatitis B virus; HLA, human leucocyte antigen; OR, odds ratio.
aAdjusted for age, sex, serum alanine aminotransferase level, body mass index, cigarette smoking and alcohol consumption. 
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HLA-DQA1*01:02, HLA-DQB1*06:09, HLA-DPA1*02:02 and HLA-
DPB1*05:01 alleles were significantly associated with chronic HBV 
infection. In addition, the allele frequencies of HLA-DPA1*02:02 and 
HLA-DPB1*05:01 were highly correlated with HBsAg seroprevalence 
across different ethnic populations. The population attributable 
fraction for chronic HBV infection was nearly one quarter for HLA-
DPA1*02:02 and HLA-DPB1*05:01, suggesting that these alleles are 
relevant for outcomes after HBV acquisition.

There is extensive literature suggesting the important role of 
HLA genes in chronic HBV infection, but the findings have been in-
conclusive.21-24 Most works only included a limited number of study 
subjects and may have lacked sufficient statistical power to detect 
the associations. In addition, many of the works did not comprehen-
sively examine the polymorphic HLA genes, which made difficulties 
for interpretation. However, by using a high-resolution HLA imputa-
tion with satisfactory accuracy,17,25 we were able to effectively eval-
uate the associations with chronic HBV infection across the whole 
spectrum of HLA class II genes. Our study consistently found that 
HLA-DPA1*02:02 and HLA-DPB1*05:01 were positively associated 
with chronic HBV infection.7,26 On the other hand, HLA-DRB1*13:02, 
HLA-DQA1*01:02 and HLA-DQB1*06:09 showed negative associa-
tions with chronic HBV infection, which was consistent with pre-
vious reports in different ethnic groups.21-23,27,28 The haplotype 
patterns HLA-DPA1*02:02-DPB1*05:017,26 and HLA-DRB1*13:02-
DQB1*06:0923 had ever been identified in previous studies. Our find-
ings highlight the fact that HLA imputation may provide an advantage 
in the quest to exhaustively understand the disease associations.

HBV endemic regions had considerable higher frequencies of 
HLA-DPA1*02:02 and HLA-DPB1*05:01 compared to regions with 
low prevalence of HBV. The positive correlation of HLA-DPB1*05:01 
remained significant after excluding the data of the high prevalent 
area, suggesting that the relevance of HLA-DPB1*05:01 on HBV 
chronicity worldwide. Interestingly, the frequencies of these two 
risk alleles were still prevalent in Japan, which is a low endemic re-
gion for HBV. One possible explanation is that the heterozygotes of 
the HLA-DPB1 gene, which consist of the allele *05:01 and any of the 
*02:01, *04:01 and *04:02 alleles, are common in Japan. The HLA-
DPB1*02:01, HLA*04:01 and HLA*04:02 alleles were found to be as-
sociated with a higher likelihood of resolving HBV infection.29 These 
protective alleles may have a stronger ability to drive immune cells 

to clear HBV infection.29 Thus, the protective effects from chronic 
HBV infection may dominate the risk effect of HLA-DPB1*05:01, 
which was found to be associated with HBV persistent. On the other 
hand, there were no obvious correlations between the frequencies 
of HLA-DRB1*13:02, HLA-DQA1*01:02, HLA-DQB1*06:09 and HBsAg 
seroprevalence. The epidemiological characteristics of HBV, HBV 
transmission routes and predominant HBV genotypes among var-
ious populations are distinctively different. Our findings provide a 
clue for future comparative analyses of HLA allele frequencies and 
HBV patterns across worldwide populations. International collabo-
rative meta-analysis will be helpful for validating these findings.

Several GWASs have been conducted to examine the associa-
tions between genetic variants and chronic HBV infection. However, 
the different definitions of chronic HBV infection lead to conflicting 
findings.7-14 Most of the previous studies did not consider the his-
tory of past HBV acquisition, as defined by anti-HBc and HBsAg. In 
addition, including chronic HBV patients that already have liver can-
cer may result in findings that are difficult to interpret.11 Previously 
reported SNPs, that included rs3077 (HLA-DPA1),7-11,13 rs9277535 
(HLA-DPB1),7,8,10,12,13 rs2856718 and rs7453920 (HLA-DQ)8,10-13 
were validated in our study.

HLA variants positively associated with chronic HBV infection 
suggest that individuals may not have sufficient immune responses to 
clear the virus; persistent liver inflammation could then increase the 
risk for end-stage liver diseases.30 The risk allele G of rs3077, which 
is in linkage with HLA-DPA1*02:02, was found to be strongly associ-
ated with both chronic HBV infection and hepatocellular carcinoma 
development.30 The variants might increase advanced liver diseases 
by mediating HBV controls. Individuals who carry HLA-DPA1*02:02 
might be unable to clear the virus efficiently then lead to long-term 
chronic inflammation of the liver. All participants were healthy adults 
free of cancers at enrolment in this study. It would be interesting to 
examine these HLA variants and liver diseases after follow-up.

HLA class II molecules are mainly encoded by three isotypes, in-
cluding HLA-DR, HLA-DQ and HLA-DP.31 These molecules function 
as a heterodimer and consist of alpha and beta chains on the anti-
gen-presenting cells. Foreign antigen peptides that bind to HLA class 
II molecules with high binding affinities may strengthen CD4+ T cell 
recognition and initiate a cascade of adaptive immune responses to 
clear HBV. Hepatitis B nucleocapsid protein elicited more vigorous 

TA B L E  3   HLA Class II haplotypes and their associated ORs for chronic HBV infection

HLA haplotypes

Chronic infected 
cases (n = 549)

Resolved controls 
(n = 2688)

Crude OR (95% 
CI) P value

Adjusted OR 
(95% CI) a  P valueN % N %

Non DRB1*13:02-DQB1*06:09 538 98.0 2,538 94.4 1.00 (referent) 1.00 (referent)

DRB1*13:02-DQB1*06:09 11 2.0 150 5.6 0.35 (0.19-0.64) 0.0008 0.33 (0.18-0.63) 0.0006

Non DPA1*02:02-DPB1*05:01 129 23.5 882 32.8 1.00 (referent) 1.00 (referent)

DPA1*02:02-DPB1*05:01 420 76.5 1,806 67.2 1.59 (1.29-1.97) <0.0001 1.59 (1.28-1.97) <0.0001

Abbreviations: CI, confidence interval; HBV, hepatitis B virus; HLA, human leucocyte antigen; OR, odds ratio.
aAdjusted for age, sex, serum alanine aminotransferase level, body mass index, cigarette smoking and alcohol consumption. 
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CD4+ T cell responses than the envelope protein.32,33 We found that 
HLA-DRB1*13:02 had better binding affinity to peptide epitopes de-
rived from the HBV nucleocapsid protein thus it was associated with 
a higher probability of HBV clearance.21,23,27,28,32 On the other hand, 
HLA-DPB1*05:01 had relatively low binding affinity, which was found to 
be associated with HBV vaccine nonresponse,34 and in agreement with 
our findings. Our findings suggest that various HLA variants may initi-
ate different nucleocapsid-specific CD4+ T cell responses to clear HBV.

Our study has some limitations. We did not have serial test data 
on HBV DNA and serum ALT levels, and therefore, we could not 
define inactive HBV infection. The findings may have clinical im-
pact if the alleles could be validated in clinical settings to identify 
patients with inactive HBV infection. Due to the lack of serum HBV 
DNA measurements, occult HBV infection was unknown. However, 
the associations between HLA variants and HBV chronicity might be 
underestimated if there were subjects with occult HBV but were de-
fined as HBV resolve in the current study. The prevalence of occult 
HBV infection in blood donors and unvaccinated individuals was 
quite low, with 0.1% and 1.7% respectively.35,36 Therefore, occult 
infection may influence the estimates with limited impacts. Second, 
whether the HLA alleles we found may be determinants for the 
spontaneous or anti-viral driven HBsAg loss needs further inves-
tigations. Finally, the most predominant genotypes among infected 
individuals in Taiwan are genotypes B and C. The prevalence of HBV 
genotypic differences may result in various attributable fractions of 
these HLA alleles on chronic HBV infection in other areas.

In conclusion, this community-based study found HLA class II 
variants were associated with chronic HBV infection. In addition, the 
frequencies of HLA-DPA1*02:02 and HLA-DPB1*05:01 were associ-
ated with HBsAg seroprevalence worldwide. Our findings provide 
information to future immunologic studies for current or innovative 
immune modulating regimens.
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