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• VIRAL HEPATITIS•

INTRODUCTION
HCV infection presents with diverse clinical manifesta-
tions. Approximately 20% of  infected patients success-
fully eliminate the virus, whereas the majority of  patients 
develop chronic infection with a wide spectrum of  liver 
lesions, ranging from minimal inflammation to cirrhosis 
and hepatocelluar carcinoma (HCC)[1]. The mechanisms 
underlying the spontaneous viral clearance or development 
of  chronic HCV infection have not yet been identified[2]. 
Apart from viral characteristics (viral genotype, quasi-spe-
cies distribution and viral load), it is generally accepted that 
cellular immune responses play an important role in viral 
clearance and disease resolution[3]. Clearance of  the virus 
during acute infection has been shown to be associated 
with strong and sustained HCV-specific CD4+ and CD8+ 
T-cell responses[4-8]. Though CD8+ T cells are primary ef-
fector cells directly eliminating HCV-infected cells, CD4+ 
T cells play a central regulatory role, which modulates the 
CD8+ T-cell responses and is crucial for the production of  
neutralizing antibodies. A number of  recent studies have 
suggested that early sustaining vigorous and multi-specific 
CD4+ T-cell responses might be a critical determinant for 
the primary HCV infection[9,10]. The importance to CD4+ 
T-cell response is the presentation of  HCV antigens in the 
context of  HLA class II molecules. Therefore, the differ-
ences in HLA class II alleles may strongly influence the 
clinical course of  hepatitis C. 
    HLA genes located on chromosome 6 encode peptides 
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Abstract
AIM: To assess the associations of human leukocyte 
antigen (HLA) class II DQB1*0301 and/or DRB1*1101 
allele with spontaneous hepatitis C virus (HCV) clearance 
by meta-analysis of individual dataset from all studies 
published till date. 

METHODS: To clarify the impact of HLA class II 
polymorphisms on viral clearance, we performed a meta-
analysis of the published data from 11 studies comparing 
the frequencies of DQB1*0301 and DRB1*1101 alleles 
in individuals with spontaneous resolution to those with 
persistent infection. As we identified the heterogeneity 
between studies, summary stat ist ical data were 
calculated based on a random-effect model.  

RESULTS: Meta-analyses yielded summary estimates-
odds ratio (OR) of 2.36 [95%CI (1.62, 3.43), P<0.00001] 
and 2.02 [95%CI (1.56, 2.62), P<0.00001] for the effects 
of DQB1*0301 and DRB1*1101 alleles on spontaneous 
clearance of HCV, respectively.

CONCLUSION: These results support the hypothesis 
that specific HLA class II alleles might influence the 
susceptibility or resistance to persistent HCV infection. 
Both DQB1*0301 and DRB1*1101 are protective alleles 
and present HCV epitopes more effectively to CD4+T 
lymphocytes than others, and subjects with these two 
alleles are at a lower risk of developing chronic HCV 
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infection. Large, multi-ethnic confirmatory and well-
designed studies are needed to determine the host 
genetic determinants of HCV infection.
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involved in host immune response. Moreover, the HLA 
loci display an unprecedented degree of  diversity in hu-
man genome, presumably an evolutionary adoption to 
immune pressure from various infectious agents. Polymor-
phisms in HLA class II molecules can give rise to amino 
acid substitutions with different peptide-binding charac-
teristics and determine antigenic specificities, the strength 
of  immune response to HCV[11,12]. Consequently, distinct 
HLA class II alleles may be expected to exert an impact 
on the development of  host immune responses against 
HCV infection. However, few studies have demonstrated 
consistency in different populations. In several Irish stud-
ies performed in women exposed to HCV genotype 1b 
from a single inoculum, DRB1*0101 and DQB1*0501 al-
leles are found to be associated with viral elimination[13–17]. 
One German study suggests that HLA-DR15 (B1*15011) 
might constitute an important genetic factor for the clear-
ance of  HCV[18]. Thio et al[19] reported that HLA-A*1101, 
HLA-B*57, and HLA-Cw*0102 contribute to the spon-
taneous resolution of  primary HCV infection. It was 
reported that the DQA1*03 and DQB1*0302 alleles pro-
mote viral clearance and confer protection against chronic 
HCV infection in Caucasians[20]. A number of  studies 
have been conducted in different ethnic populations to in-
vestigate the associations of  DQB1*0301 or DRB1*1101 
allele with spontaneous HCV clearance[13,21-30]. However, 
the results from these molecular epidemiological studies 
are confusing rather than being conclusive. Single study 
might be underpowered to detect the association be-
tween DQB1*0301 and/or DRB1*1101 allele and HCV 
infection because of  the limited sample size. The aim of  

this study was to assess the associations of  HLA class II 
DQB1*0301 and/or DRB1*1101 allele(s) with spontane-
ous HCV clearance by meta-analysis of  individual dataset 
from all studies published till date.

MATERIALS AND METHODS
Identification and eligibility of studies 
PubMed was used to search for relevant reports published 
between 1997 and 2004 (using the key words: human 
leukocyte antigen, genetic polymorphism, hepatitis C 
virus, spontaneous clearance). The inclusion criteria for 
our analysis were as follows: studies reporting odds ratio 
(OR) or risk ratio (RR) calculated by comparing those 
with self-limiting infection to those with chronic infection 
as a measure of  association; study designs such as cohort 
study, population-based case control study, hospital-based 
case-control study; studies using HLA class II molecular 
genotyping technique; studies including DQB1*0301 and 
DRB1*1101 alleles. A total of  11 candidate papers were 
identified. 

Data extraction 
Data were collected on the DQB1*0301 and DRB1*1101 
allele frequencies, authors, journals, years of  publication, 
country of  origin, demographics, selection, definition of  
spontaneous viral clearance (anti-HCV positive and HCV-
RNA negative at least for 6 mo), chronically persistent 
infection (anti-HCV positive and HCV-RNA positive 
for more than 1 year) and racial descents (categorized 
as Asian, European, and North American descents). 

Table 1 Characteristics of studies included in the meta-analysis
First author
(year)
[reference]

Country
(ethnicity)

Spontaneous 
resolution

Persistent 
infection

Matching Anti-HCV tests HLA typing

Alric (1997) France (European) 25, M/F: 9/16 103, M/F: 58/45 Sex, age, source of HCV 
infection, HCV-serotype

2G EIA and RIBA PCR-SSOP
[21] Age: 40.6±15.7 yr Age: 45.4±12.4 yr

Cramp (1998) UK (European) 49, M/F: 30/19 55, M/F: 31/24 Sex, age, source of HCV 
infection and duration

2G line 
immunoassay

PCR-SSOP
[22] Duration: 15.5 (3-42) yr Duration: 14.2 (2-40) yr
Minton (1998) UK (European) 35, M/F: 19/16 138, M/F: 87/51 Sex, age, source of HCV 

infection
2G ELISA and 
RIBA

PCR-SSOP
[23] Age: 37.9±10.8 yr Age: 37.2±10.1 yr
Mangia (1999) Italy (European) 35 149 Sex, HCV-serotype, not age, RIBA and 3G EIA PCR-SSP
[24] not duration

Thursz (1999) European 85, M/F: 37/48 170, M/F: 74/96 Sex, center, not age ELISA and RIBA PCR-SSP
[25] Age: 45±14 yr Age: 50±16 yr
Vejbaesya (2000) Thailand (Asian) 43 Blood donor 57 Sex 2G EIA and RIBA PCR-SSOP
[26] M/F: 25/18 M/F: 31/18

Alric (2000) France (European) 63, M/F: 21/42 282, M/F: 150/132 Age, source of HCV infection 
and duration, not sex

2G EIA and RIBA PCR-SSOP
[27] Age: 42.1±15.4 yr Age: 46±12.3 yr

Fanning (2000) Irish (European) 85 Female 72 Female From single source RIBA Reverse line probe 
hybridization[13]

Thio (2001) North America 200, M/F: 166/34 374, M/F: 310/64 Age, sex, race 2G EIA and RIBA PCR-SSP PCR-
SSCP[28] Age: 25.7 yr Age: 27.8 yr

Azocar (2003) Hispanic (European) 40,M/F: 33/7 72, M/F: 54/18 Age, sex EIA and RIBA PCR-SSOP PCR-
SSP[29] Age: 37.9 yr Age: 39.2 yr

Spada (2004) Italy (European) 10, M/F: 5/5 24,M/F:22/2 Not sex, age, source of HCV 
infection, HCV-serotype 

3G ELISA and 
RIBA

PCR-SSP
[30] Age: 40.5 (20-61) yr Age: 29 (20-56) yr

EIA: enzyme-immunoassay; RIBA: recombinant immunoblot assay; ELISA: enzyme-linked-immunosorbent assay; 2G: second generation; 3G: third generation; 
SSOP: sequence-specific oligonucleotide probes; SSP: sequence specific primers; SSCP: single stranded conformational polymorphisms.
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molecular typing (PCR-SSOP) for HLA, while others used 
high resolution molecular typing (PCR-SSP) for HLA[33]. 
Low resolution molecular typing methods for HLA could 
not identify the specific alleles. Accurate methods for 
HLA class II typing should involve the combination of  
PCR-SSOP, PCR-SSP, and PCR-SSCP[12].
    Table 2 shows the OR on HCV spontaneous clearance 
associated with DRB1*1101 allele. Overall, individuals 
with DRB1*1101 allele had a significantly reduced risk 
for chronic hepatitis C compared to individuals without 
it [OR = 2.02, 95%CI (1.56, 2.62) (P<0.00001)]. Similarly, 
subjects with DQB1*0301 allele appeared to be more 

Table 2 Effect of DRB1*1101 allele on self-limiting HCV infection
Study Spontaneous resolution

n/N
Persistent infection

n/N
OR (random)
95%CI

Alric 10/25 10/102 6.13 (2.18, 17.22)
Minton 11/35 11/135 5.17 (2.01, 13.27)
Cramp 9/49 6/55 1.84 (0.60, 5.60)
Mangia 7/35 24/149 1.30 (0.51, 3.32)
Thursz 1 26/85 29/170 2.14 (1.16, 3.94)
Thursz 2 14/57 15/152 2.97 (1.33, 6.65)
Fanning 4/68 4/64 0.94 (0.22, 3.92)
Alric 20/59 25/170 2.97 (1.50, 5.91)
Vejbaesya 2/43 3/57 0.88 (0.14, 5.50)
Thio 15/200 24/374 1.18 (0.61, 2.31)
Azocar 4/40 11/72 0.62 (0.18, 2.08)
Spada 2/10 2/24 2.75 (0.33, 22.92)
Total (95%CI) 124/706 164/1 524 2.02 (1.56, 2.62)

Test for heterogeneity: χ2 = 19.38, df = 11 (P<0.05), I2 = 43.2%. Test for overall 
effect: Z = 5.30 (P<0.00001).

Furthermore, we examined whether matching was used 
and HLA class II molecular-typing assay was validated. 

Statistical analysis
The OR of  sustained HCV clearance associated with HLA 
class II polymorphisms (DQB1*0301 and DRB1*1101 
alleles) was estimated for each study. The primary analysis 
was to estimate the allele frequencies between the groups 
with viral elimination and chronic infection. For each 
genetic group, we estimated the heterogeneity between 
the studies[31]. Data were combined using both fixed effect 
(Mantel-Haenszel) and random effect (DerSimonian and 
Laird) models[32]. In the absence of  heterogeneity, the 
two methods provided identical results. Random effects 
were more appropriate, when heterogeneity was present. 
Analyses were performed by the software of  SAS 8.0 
(SAS Institute, Cary, NC, USA) and Review Manager 4.2 
(Cochrance Collaboration, Oxford, UK). All P values were 
two-sided.

RESULTS
Characteristics of  the studies are shown in Table 1. 
Multiple studies were conducted in the European 
population (n = 9). The number of  individuals with 
spontaneous resolution and persistent infection in 
DRB1*1101 and DQB1*0301 studies was 706 and 1 524, 
714 and 1 497, respectively. All the subjects of  these 
studies were selected based on a histological diagnosis 
of  strict criteria. With two exceptions[24,25] where the 
mean age of  two groups differed and one where the age 
status was not stated[26], all other studies were matched 
for age. Most studies also stated the use of  matching on 
sex status except for two[27,30]. Compared to other studies, 
only one was homogenous in terms of  gender, source 
of  HCV infection, HCV-serotype and ethnicity[13]. This 
subject population was derived from a cohort of  females 
inoculated with anti-D immunoglobulin in 1977 that was 
contaminated with HCV from a single source.
    With regard to the anti-HCV antibody testing, most 
studies used a combination of  two tests, while only one 
used a single test[13]. Five studies used low resolution 

Table 3 Effect of DQB1*0301 allele on self-limiting HCV infection
Study Spontaneous resolution

n/N
Persistent infection

n/N
OR (random)
95%CI

Alric 21/25 28/91 11.81 (3.71, 37.61)
Minton 18/35 33/135 3.27 (1.51, 7.07)
Cramp 26/49 10/55 5.09 (2.10, 12.33)
Mangia 17/33 42/143 2.56 (1.18, 5.53)
Thursz 1 39/85 47/170 2.22 (1.29, 3.82)
Thursz 2 25/57 37/152 2.43 (1.28, 4.61)
Fanning 25/78 18/67 1.28 (0.63, 2.64)
Alric 38/59 45/157 4.50 (2.39, 8.50)
Vejbaesya 24/43 18/57 2.74 (1.20, 6.22)
Thio 49/200 71/374 1.38 (0.92, 2.09)
Azocar 6/40 13/72 0.80 (0.28, 2.30)
Spada 4/10 15/24 0.40 (0.09, 1.81)
Total (95%CI) 292/714 377/1 497 2.36 (1.62, 3.43)

Test for heterogeneity: χ2 = 33.33, df = 11 (P = 0.0005), I2 = 67.0%. Test for 
overall effect: Z = 4.48 (P<0.00001).

Figure 1 Funnel plot analysis of publication bias for DRB1*1101 allele (A) and 
DQB1*0301 allele (B). Each data point represents a separate study for the 
indicated association. 
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likely to clear the virus, while those lacking it were more 
prone to develop chronic infections [OR = 2.36, 95%CI 
(1.62, 3.43), P<0.00001] (Table 3). These analyses were 
based on the data from 11 studies regardless of  ethnics.
We performed tests for homogeneity with respect to 
the studies of  DRB1*1101 and DQB1*0301 alleles and 
viral clearance and obtained statistically significant results 
(DRB1*1101: χ2 = 19.38, P<0.05; DQB1*0301: χ2 = 33.33, 
P = 0.0005). Therefore, summary statistics were calculated 
based on a random-effect model. 
    Figure 1 shows the funnel plot analysis to detect 
publication bias of  each study for DRB1*1101 and 
DQB1*0301, respectively. The shape of  the funnel plot 
seemed to be asymmetrical, suggesting that publication 
bias might affect the findings of  our meta-analysis. 
Furthermore, an Egger's test was used to provide 
statistical evidence for funnel plot symmetry[45]. In the 
linear regression analysis, the intercept value provided a 
measure of  asymmetry, the larger the deviation the more 
pronounced the asymmetry. The intercept value in our 
study was 2.33 for DQB1*0301 and 2.03 for DRB1*1101, 
respectively, both of  them were significantly deviated 
from zero (P<0.0001 for DQB1*0301 and P<0.0022 for 
DRB1*1101).

DISCUSSION
DQB1*0301 allele is reproducibly involved in spontaneous 
viral clearance of  HCV in different populations[21-26,28,34-36]. 
Studies conducted in patients from France[21], Britain[22], 
Italy[24,35] with different genetic backgrounds have identified 
significant genetic associations with different DQB1*0301-
bearing haplotypes, suggesting that DQB1*0301 might be 
one of  the most prominent factors in HCV clearance[37,38].  
    Another allele correlated with self-limiting HCV is DRB
1*1101[21,23,25,27,34,39]. But disagreement exists over the allele. 
In Italy[24,35] BRB1*1104 correlates with HCV clearance, 
while in Japan[40] DR13 is linked to self-limiting infection.
    It is difficult to determine whether HLA-DRB1*1101 
or DQB1*0301 allele is the more relevant factor as HLA-
DRB1*11 is associated with DQB1*0301. Some studies 
found that DRB1*1101 rather than DQB1*0301 is 
closely associated with viral elimination[23,30,41,42]. While 
some findings suggest that DQB1*0301 is dominant in 
determining the outcome of  HCV infection[21,22,27,43,44]. In 
our meta-analysis, the OR for the two alleles was virtually 
identical, but which one is responsible for the viral 
elimination is not clear.
    The outcome of  HCV infection varies substantially 
among the individuals. Though the exact mechanisms 
involved in viral clearance have not been fully elucidated, 
there is evidence that cellular immune response, especially 
T-helper lymphocyte responses to HCV, plays an 
important role in the control of  persistent HCV infection. 
DQB1*0301, DRB1*1101 alleles are closely associated 
with self-limiting HCV infection. Our meta-analysis 
demonstrated that subjects with HLA-DRB1*1101 allele 
reduced 102% risk of  developing chronic HCV infection 

and those carrying HLA-DQB1*0301 allele reduced 
136% risk of  persistent infection. HLA-DQB1*0301 
and DRB1*1101 alleles might act as the most prominent 
factors favoring the elimination of  HCV and conferring 
protection against chronic evolution.
    There are two possible explanations for these 
observations. (1) Because HCV is not cytopathic for 
infected cells, the immune response may play an important 
role in HCV infection. Binding to HCV peptides of  
HLA molecules is the first step for the initiation of  this 
immune response. Due to the extensive polymorphisms 
of  HLA, the strength of  the response may vary among 
the individuals. It is assumed that DQB1*0301 and 
DRB1*1101 alleles may present HCV epitopes more 
effectively to CD4+ Th cells than others, resulting in 
vigorous proliferative response to HCV and probably 
disease recovery[37,43,46-47]. CD4+ Th responses have been 
characterized in patients with self-limiting infection and 
most immunodominant epitopes are present in the context 
of  DQB1*0301 and DRB1*1101 molecules[48]. Therefore, 
individuals with these two alleles may present peptides 
derived from HCV in a more efficient manner than those 
without, thus clearing the infection spontaneously. (2) 
Another explanation for the association between the 
two alleles and viral elimination may be due to the other 
protective HLA loci[22,36]. Interpreting results of  genetic 
studies can be complicated by linkage disequilibrium of  
the implicated gene linked to the true gene of  interest[12]. 
Other candidate susceptible genes located in the HLA 
class II region also require antigen presentation. An excess 
of  DQB1*0301 and DRB1*1101-restricted peptide-
specific responses in individuals, who clear the virus, needs 
to be shown in order to prove conclusively whether the 
mechanism of  the gene effect is direct or indirect.
    While there are some consistent observations on 
DQB1*0301 and DRB1*1101 with self-limiting infection, 
many results are not uniform. These inconsistencies may 
be due to ethnic differences, patient selection, sample 
size, HCV-serotype, and HLA typing technique. Firstly, 
a primary cause for the difference in results by different 
authors may be related to the great variability of  the 
frequency of  HLA alleles in different populations. It 
is quite possible that one ethnic group may have the 
preferential use of  different allele(s) in viral eradication 
compared to other ethnic groups. This DRB1*1101 
association with viral clearance was not observed in the 
Irish anti-D population, which might be explained by the 
lower frequency of  DRB1*1101 in Irish[16] (6.4%) than in 
French[21] control populations (25.2%). The association of  
DRB1*0101 and DQB1*0501 alleles with viral clearance 
has been documented in Caucasian Americans, whereas 
in African–American patients viral clearance is mainly 
associated with DQB1*0301[28]. Another study showed 
that there are marked differences in the frequency of  
viral clearance in Caucasians and African-Americans[49]. 
Racial heterogeneity has to be taken into account in the 
future studies[50,51]. Secondly, many studies were conducted 
on relatively smaller samples. Insufficient number of  
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individuals might decrease the power to detect a difference 
in the distribution of  DQB1*0301 and DRB1*1101 alleles 
between patients with resolving infection and those with 
chronic evolution, though a true difference exists[52]. Lack 
of  an association may not mean that associations do 
not exist. Thirdly, a number of  HLA studies concerning 
the association between HLA class II and outcome of  
infection have compared allele frequency in HCV patients 
to that in healthy controls[20,53,54]. Studies including both 
HCV RNA positive and negative patients have failed to 
discover particular genetic associations[20]. Fourthly, effects 
of  interactions in other environmental/behavioral and/or 
viral factors may be inevitable. There is a clear correlation 
between the HLA haplotype of  individuals and outcome 
of  HCV infection[55]. A complex interplay between various 
genes is likely to modulate the anti-HCV response rather 
than a single allele. Moreover, several variables including 
young age at infection and female sex have been suggested 
to determine HCV clearance[17,30,56]. Another possible 
reason for the discrepancy between these studies lies in the 
viral genotype. 
    In conclusion, large and well-designed studies should be 
carried out to investigate the host genetic determinants for 
HCV infection. Finding an association between specific 
alleles and favorable clinical outcomes in HCV patients 
might open new avenues to explore and understand the 
pathogenesis of  HCV.
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