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Abstract
The outcome of hepatitis C virus (HCV) infection has been associated with antiviral CD4 T cell
response, human leukocyte antigens (HLA) class II genotypes, and ethnicity. However, HLA class
II molecules restrict the nature of CD4 T cell response, and HLA distributions differ between ethnic
groups. In this study, we asked whether HLA class II genotypes associated with HCV clearance are
shared between Caucasian and African Americans and whether they contribute to enhanced antiviral
CD4 T cell response. In a cohort of 93 HCV-seropositive subjects from Northeast America with
defined ethnicity, virological outcome, and HCV-specific CD4 T cell proliferation, we confirm the
previously reported associations between HCV clearance and two HLA types (DQB1*03, DRB1*11)
while identifying a new association with DRB3*02. Strikingly, these associations were identified
only among Caucasian [DQB1*03: odds ratio (OR), 10.4; P = 0.031, DRB1*11: OR, 7.0, P = 0.019;
DRB3*02: OR, 8.3, P = 0.005; DQB1*03-DRB3*02: OR, 13.5, P = 0.001) but not among African
American patients. Furthermore, although HLA DQB1*03, DRB1*11, and DRB3*02 genotypes
were associated with increased HCV-specific CD4 T cell response in univariate analyses, these
associations were lost when controlling for virological outcomes.

Conclusion—We conclude that the immunogenetic basis for HCV clearance differs between ethnic
groups and that the association between HLA class II and HCV clearance is not directly explained
by antiviral CD4 T cell response.

Infection with the hepatitis C virus (HCV) presents with a variety of clinical manifestations.
A minority of individuals will clear the virus whereas most become persistently viremic with
subsequent course that ranges from minimal inflammation to progressive cirrhosis and, in some
cases, hepatocellular carcinoma.1,2 Although the pathogenesis of HCV infection is not fully
defined, a strong, sustained multispecific CD4 proliferative T cell response is associated with
HCV clearance in HCV-infected patients.3–6 Furthermore, direct CD4 depletion resulted in
chronic evolution in previously HCV-immune chimpanzees.7 These results suggest that CD4
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T cells play a critical role in the outcome of HCV infection. Additional host factors may
contribute to the outcome of HCV infection, including ethnicity and human leukocyte antigen
(HLA) type. For example, chronic HCV infection is more prevalent among African Americans,
who are also more resistant to antiviral therapy based on interferon-alpha (IFN-α),8–12

suggesting an underlying genetic mechanism of immune tolerance to HCV. Indeed, African
Americans tend to display less severe biochemical and histological outcome of HCV infection
compared with Caucasian Americans while maintaining HCV-specific CD4 T cell proliferative
response.6,8,13 In addition to ethnicity, various immunogenetic factors have been associated
with the outcome of HCV infection including HLA, natural killer inhibitory receptors, and
single nucleotide polymorphisms for immune-associated genes.14–18 Given the relevance of
CD4 T cells in HCV infection, a particular attention has been focused on HLA class II
molecules, which bind exogenously processed antigenic peptides (or epitopes) and present
them on cell surface for CD4 T cell recognition.19–21 Genotypic variants of class II molecules
display distinctive pockets in the peptide-binding groove that interact with specific residues
within the antigenic peptides, thus influencing the nature and specificity of antigen-specific
CD4 T cell response.22 In HCV infection, the HLA class II genotypes DQB1*03 and DRB1*11
have been consistently linked with self-limited HCV infections23–28 and DQB1*02 with
chronic evolution,29,30 mostly in European cohorts.

In this study, we examined whether HLA associations with virological outcomes differ between
African Americans and Caucasian Americans and whether HLA associations with virological
outcome are based on antiviral CD4 T cell response. We show that HLA DQB1*03, DRB1*11,
and DRB3*02 correlate with HCV clearance in white but not black patients, demonstrating a
novel ethnic disparity in immunogenetic associations relevant for HCV clearance. However,
HLA class II genotypes associated with HCV clearance did not influence antiviral CD4 T cell
response when controlling for virological status, suggesting that HLA class II associations with
HCV clearance are not directly explained by antiviral CD4 T cell response and highlighting
the need to validate immunogenetic associations with functional analyses.

Patients and Methods
Study Subjects

Ninety-three HCV-seropositive subjects including 70 chronically HCV-infected (“chronic” or
C) and 23 HCV-recovered (“recovered” or R) subjects were selected from our existing cohort
of 99 chronic and 31 recovered subjects that were also included in our previous studies
examining HCV-specific CD4 T cell response6,31 based on availability of cells for HLA class
II genotyping, ethnicity defined as either Caucasian American (“white”) or African American
(“black”) and known HCV genotype or serotype. Patients with prior antiviral or
immunosuppressive therapy, acute hepatitis C within 1 year, human immunodeficiency virus
(HIV), or hepatitis B virus coinfection, autoimmune diseases, or conditions precluding
phlebotomy were excluded. Study subjects were enrolled through the clinics at the Philadelphia
Veterans Affairs Medical Center, Temple University, the Department of Transfusion Medicine
at the National Institutes of Health, and the Clinical Research Center at the University of
Pennsylvania. All subjects gave written informed consent to participate in this study, approved
by the respective institutional review board. All subjects were assessed for demographic and
clinical parameters as well as serum anti-HCV antibody by second-generation enzyme
immunoassay and HCV RNA by quantitative or qualitative Roche COBAS reverse
transcriptase polymerase chain reaction (Roche Diagnostics, Branchburg, NJ). HCV RNA-
positive patients were tested for HCV genotype by INNOLIPA (Innogenetics, Ghent,
Belgium). In HCV-recovered subjects, plasma HCV antibodies were serotyped using an HCV
serotyping 1–6 assay (performed by David Parker and Lara Sandler, Murex Diagnostic,
London, UK), as previously described.31

Harris et al. Page 2

Hepatology. Author manuscript; available in PMC 2009 September 23.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The clinical, demographic, and immunological profiles of the 93 selected subjects (Table 1)
were consistent with our previous report with greater liver function abnormalities and
suppressed HCV-specific CD4 T cell response in chronic patients compared with recovered
subjects.6,31 Of note, HCV-associated risk factors were similar between the chronic and
recovered subjects, including prior injection drug or cocaine use (77% C, 73% R) and
transfusion (27% C, 17% R), as previously reported.31

Peripheral Blood Mononuclear Cells
Blood samples from each patient were layered onto Ficoll-Histopaque (Sigma Chemical Co,
St Louis, MO), centrifuged to isolate the buffy coat layer, washed three times in Roswell Park
Memorial Institute (Gibco BRL, Gaithersburg, MD), counted on the hemocytometer, and either
used immediately in complete Roswell Park Memorial Institute with 10% AB serum or
cryopreserved as previously described.6,31–33

Recombinant HCV Proteins
All recombinant HCV proteins and control superoxide dismutase proteins were provided by
Dr. Michael Houghton (Chiron Corp., Emeryville, CA). These HCV genotype 1a–derived
proteins coded for HCV core (c22, amino acids 2–120), NS3-4 (c200, amino acids 1192–1931),
and NS5 (NS5, amino acids 2054–2995), as described previously.31

HLA Typing
Class II molecular typing was performed by polymerase chain reaction and sequence-specific
probe hybridization at the HLA Laboratories at the National Institutes of Health and the
University of Pennsylvania. The HLA typing was performed at the genotype level with two-
digit intermediate/low resolution in 81 of 93 subjects and with allele level four-digit high
resolution in 12 of 93 subjects. Four-digit allele specificities were collapsed into their respective
two-digit categories to enhance statistical power. Because most HLA data involved the
intermediate/low-level analysis, we used the terms HLA genotype or HLA types throughout
the text to more accurately represent our data rather than using the term “allele,” appropriate
for higher-resolution HLA typing.

HCV-Specific CD4 Proliferative T Cell Response
Freshly isolated peripheral blood mononuclear cells were stimulated in five replicates (0.2
million peripheral blood mononuclear cells/well) for 7 days with recombinant HCV and
negative control superoxide dismutase proteins (10 µg/mL) as previously described.31 Results
were expressed as a stimulation index (SI), calculated as the mean counts per minute in
stimulated wells divided by that in control wells. To simplify analysis, an SI cutoff of 3.0 was
used to define a positive response for each HCV antigens because an SI of 3.0 was always
greater than 2 standard deviations above the average responses to all three HCV antigens in
uninfected controls. For a positive control, peripheral blood mononuclear cells from all patients
were stimulated with and without 2 µg/mL phytohemagglutinin in triplicates for 4 days.

Statistical Analysis
The clinical and immunological parameters of patient subgroups were compared using a
nonparametric Mann-Whitney U test. HLA genotype frequencies were compared by the chi-
squared test, or Fisher’s exact test when an expected cell value was less than 5. Three genotypes
(DQB1*02, DQB1*03, and DRB1*11) were predicted, a priori, to be related to our outcome
and response measures. For all other genotypes, a modified Bonferroni correction for multiple
comparisons as recommended by Keppel et al.34 was used to determine the nominal level of
significance. In the case of the DQB1 locus, the number of comparisons was 5 (α = 0.010). For
the DRB loci, there were 13 comparisons in DRB1 (α = 0.004); three in DRB3 (α = 0.017);
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one in DRB4 (α = 0.050); and two in DRB5 (α = 0.025). Where necessary to avoid division
by zero, odds ratios (ORs) were adjusted by the method of Woolf and Haldane. The Breslow-
Day statistic was used to test the homogeneity of ORs across ethnic groups. Logistic regression
was used to estimate the effects of HLA genotypes on CD4 T cell response controlling for
virological outcome, employing a small delta adjustment (0.2) to stabilize the algorithm and
prevent bias in the estimates. Statistical analysis was conducted using Stata version 9.0
(StataCorp, College Station, TX) and SPSS version 14.0 (Chicago, IL).

Results
HCV clearance Is Associated with HLA Class II Genotypes DQB1*03, DRB1*11, and DRB3*02
in White but Not Black Patients

The relationship between HLA class II and the outcome of HCV infection was examined in
93 HCV-seropositive subjects including 70 chronically HCV-infected (“chronic”) and 23
HCV-recovered (“recovered”) subjects with either Caucasian American (“white”) or African
American (“black”) ethnicity, selected based on available HCV-specific CD4 T cell
proliferation assay results, ethnicity, and genotype from previous studies,6,31 as well as HLA
class II typing as described in Patients and Methods. Thus, the clinical, demographic, and
immunological profiles of these subjects (Table 1) were consistent with our previous reports.
6,31

As shown in Fig. 1 (top panel), there was no significant difference in the prevalence of 5 DQB1
and 19 DRB1-5 HLA class II genotypes between all chronic and recovered subjects. However,
when the comparison was restricted to white patients (Fig. 1, middle panel), two HLA types,
DQB1*03 and DRB1*11, previously associated with HCV clearance23–28 were also more
prevalent among recovered than chronically HCV-infected subjects in our study: (DQB1*03:
92.3% R versus 53.6% C, OR = 10.4, 95% CI = 1.2–91.2, P = 0.031; DRB1*11: 53.8% R
versus 14.3% C, OR = 7.0, 95% CI = 1.5–32.0, P = 0.019). Although DQB1*02 was previously
associated with HCV persistence,29,30 this association did not reach a statistical significance
in our study (All: 30% R versus 46% C, OR = 0.5, 95% CI = 0.2–1.4, P = 0.198; white patients:
23% R versus 54% C, OR = 0.3, 95% CI = 0.06–1.2, P = 0.067; black patients: 40% R versus
41% C, OR = 1.0, 95% CI = 0.2–4.0, P = 0.978). A significant positive association with HCV
clearance was also identified among white patients for DRB3*02 (69.2% R versus 21.4% C,
OR = 8.3, 95% CI = 1.9–36.4, P = 0.005, Pc = 0.015), a genotype without a previously known
association with HCV clearance. Importantly, none of the HLA types was associated with
virological outcome among black patients, suggesting an ethnic difference in immunogenetic
contribution to HCV clearance (Fig. 1, bottom panel).

The association between DRB3*02 and HCV clearance was not by chance because DRB3*02
is known to be linked to DRB1*11,35 and they define a known haplotype with DQB1*03 and
DRB1*11.36 As shown in Table 2, white DRB3*02+ patients were more likely to be DQB1*03
+ (87% versus 54%, P = 0.033), DRB1*11+ (73% versus 0%, P < 0.001), or double-positive
for both DQB1*03+ and DRB1*11+ (73% versus 0%, P < 0.001), compared with DRB3*02–
patients. However, the association between DRB3*02 and DQB1*03 was lost among blacks.
Examined in combination (Table 3), DQB1*03-DRB3*02 haplotype was clearly associated
with viral clearance (56.5% R versus 24.3% C, OR = 4.1, 95% CI = 1.5–10.9, P = 0.004) in
all patients. However, this association was attributable to the white patients in whom both
DQB1*03-DRB3*02 (69.2% R versus 14.3% C, OR = 13.5, 95% CI = 2.8–65.8, P = 0.001)
and DQB1*03-DRB1*11-DRB3*02 (53.8% R versus 14.3% C, OR = 7.0, 95% CI = 1.5–32.0,
P = 0.019) haplotypes correlated with HCV clearance, whereas no such associations were
observed among black patients. These findings show that HLA DRB3*02 is associated with
HCV clearance as part of a haplotype that also includes HLA DQB1*03 and DRB1*11.
Furthermore, we show that these HLA-associations were limited to white patients.
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HLA DQB1*03, DRB1*11 and DRB3*02 Genotypes Are Positively Associated with HCV-
Specific CD4 T Cell Responsiveness in White but Not Black Patients

We next looked for associations between the protective HLA class II types (DQB1*03,
DRB1*11, and DRB3*02) and HCV-specific CD4 T cell response, restricting the analysis to
73 subjects with evidence of current or prior HCV genotype 1 infection (55 chronic HCV
genotype 1 infection and 18 serotype 1–positive HCV-recovered subjects), because genotype
1–derived HCV antigens were used in our immunological analyses. Among all subjects,
DQB1*03 was positively associated with CD4 response to HCV core (OR 4.5, 95% CI = 0.9–
22.4, P = 0.048), and DRB3*02 was positively associated with CD4 T cell response to HCV
NS5 (OR 3.0, 95% CI = 1.0–9.2, P = 0.049), whereas DQB1*03-DRB3*02 haplotype was
associated with CD4 T cell responses to all three HCV antigens (Core: OR 5.6, 95% CI = 1.5–
22.2, P = 0.015; NS3-4: OR 3.2, 95% CI = 1.1–9.4, P = 0.033; NS5: OR 3.7, 95% CI = 1.2–
11.1, P = 0.018) (Table 4). Among white subjects, DRB3*02 and DRB1*11 (either alone or
in combination) were associated with significant CD4 T cell responses to two or more HCV
antigens despite a low sample size. Of note, because these HLA types were tightly linked, an
independent assessment of their effect on HCV-specific CD4 T cell response is difficult. For
example, because DRB3*02 always occurred with DQB1*03 among CA patients, DRB3*02
and DRB3*02-DQB1*03 haplotype showed identical associations with HCV-specific CD4 T
cell response. Also, because all seven DRB1*11+ patients also expressed DQB1*03 and
DRB3*02, the associations in DRB1*11-containing haplotypes were identical. However, there
was no association between the three HLA types and HCV-specific CD4 T cell responsiveness
among black patients. The ethnic differences in HLA associations with CD4 T cell response
was significant for the nonstructural HCV antigens by the Breslow-Day statistic testing for
homogeneity of odds ratios: DRB3*02 with NS3-4 (PBD = 0.011) and NS5 (PBD = 0.051);
DRB1*11 with NS3-4 (PBD = 0.049) and NS5 (PBD = 0.018). Thus, the ethnic disparity in
HLA associations with the outcome of HCV infection extended to virus-specific CD4 T cell
responsiveness, an important determinant of HCV clearance.

Lack of Positive Association Between HLA Types and HCV-Specific CD4 T Cell Response
Among Viro-logically Distinct Groups

The foregoing results implied that the HLA genotypes could influence HCV-specific CD4 T
cell response (thus contributing to HCV clearance or persistence), as previously suggested for
DQB1*03.27,37 However, the prolonged viremia experienced by chronic patients can induce
a functional suppression in antigen-specific T cells via immune exhaustion,38,39 whereas virus-
specific memory T cell response may be vigorously maintained after viral clearance.40 In an
effort to avoid the confounding effect of viremia on antiviral T cell response, the effect of HLA
genotypes on HCV-specific CD4 T cell response was examined separately among the HCV-
recovered subjects and the chronic patients. Although the number was small, the presence of
DQB1*03, DRB1*11, and DRB3*02 genotypes did not associate with increased HCV-specific
CD4 T cell responsiveness among HCV-recovered subjects regardless of ethnicity (P > 0.05
for all comparisons) (Fig. 2). Conversely, HCV-specific CD4 T cell responses were mostly
weak among the chronic patients regardless of HLA status (although greater CD4 T cell
responsiveness was observed for black patients, as previously reported).6 Accordingly, in
multivariate analysis controlling for virological status, there were no significant associations
between any of the HLA types and HCV-specific CD4 T cell response among white subjects.
Further analysis of 54 subjects for interferon gamma (IFN-γ) response to the same HCV
antigens failed to show significant associations between HCV-specific CD4 IFN-γ responses
and the three HLA class II genotypes among white or black patients (data not shown). Taken
together, we show a novel ethnic disparity in HLA class II genotypes associated with HCV
clearance. However, these HLA associations are not directly associated with an enhanced
antiviral CD4 T cell response.

Harris et al. Page 5

Hepatology. Author manuscript; available in PMC 2009 September 23.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Discussion
Gene products of the HLA class II region have been implicated in many immune-mediated
diseases, such as DQB1*0302 with celiac disease,41 DRB1*03/04 with autoimmune hepatitis,
42 DRB1, DQA1, and DQB1 with type 1 diabetes,43 although the underlying pathways are not
fully understood. In concert with other biomarkers, HLA type is an important factor in clinical
diagnosis and management of various diseases, and in defining vaccine strategies.44 In HCV
infection, a number of HLA class II types has been associated with the outcome of HCV
infection, most prominently DQB1*02, DQB1*03, and DRB1*11.16,45,46 In this study, we
report that DRB3*02, in addition to DQB1*03 and DRB1*11, is associated with HCV
clearance among Caucasian but not African American subjects from North America,
suggesting that immunogenetic basis for HCV clearance may differ between these ethnic
groups. Although these HLA class II types were initially associated with increased HCV-
specific CD4 T cell response among all subjects (both chronic and recovered), further analysis
controlling for virological outcome showed that the presence of these HLA genotypes does not
correlate with increased HCV-specific CD4 T cell response, suggesting an alternative
mechanism whereby these HLA genotypes may contribute to HCV clearance.

Race or ethnicity can contribute to variable associations in population-based studies of
inherited traits.47 For example, different HLA associations with HCV clearance have been
found among Irish,48,49 Hispanic,50 European,23–25,51 and North American cohorts.28 In
particular, HCV clearance was repeatedly associated with HLA DQB1*03 or DRB1*11 in
studies examining white patients of European origin.23–26,51 Conversely, Thio and
coworkers28 examined both injection drug user and hemophilia cohorts in North America and
found only a weak association between DQB1*03 and HCV clearance among black (P = 0.054)
but not white patients. In our study, also based on Northeast America, DQB1*03, DRB1*11,
and DRB3*02 were significantly associated with HCV clearance among white patients whereas
none of the 24 HLA class II genotypes correlated with HCV clearance (or persistence) among
black patients. Thus, our findings are more in keeping with the European studies while differing
from the Thio et al. study. We speculate that the differences between the Thio et al. study and
ours derive from differences in the comorbid factors and route of HCV transmission. For
example, we examined patients without HIV coinfection, whereas the study by Thio et al.
included a substantial proportion of patients coinfected with HIV (39%–4l%) or hepatitis B
virus (5%–17%). Furthermore, injection drug use was the primary HCV risk factor for most
of our subjects, whereas the Thio et al. study included two hemophilia cohorts with recurrent
high-dose HCV exposure (for example, by blood products and clotting factors). Because mode
of HCV transmission also may contribute to HCV outcome and HLA associations,14

DQB1*03, DRB1*11, and DRB3*02 could be protective among white (but not black) persons
in the context of low-dose HCV exposure (for example, by injection drug use associated with
most of our subjects) without HIV or hepatitis B virus coinfection. The ethnic difference in
HLA associations with HCV clearances suggest that these “protective” HLA types do not
contribute to HCV clearance among black patients or that additional antiviral pathways exist
in black patients that may overcome any effect of these HLA types.

The three protective HLA genotypes also correlated with HCV-specific CD4 T cell
responsiveness among white patients in our initial analysis. An association between CD4 T
helper response and DQB1*03 was reported previously,27 suggesting a causal link between
the HLA type and enhancement of HCV-specific CD4 T cell response that results in HCV
clearance. However, HCV-recovered patients without the protective genotypes still maintained
a vigorous HCV-specific T cell responsiveness similar to the response detected in HCV-
recovered subjects with the protective HLA types. Conversely, HCV-specific CD4 T cell
response in chronically HCV-infected patients with the protective HLA genotypes was no
better than the response in chronic patients without the HLA genotypes. Indeed, the
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associations between the HLA types and CD4 T cell response were lost when comparing the
antiviral T cell response relative with HLA type among patients with similar virological
outcome and in a multivariate analysis controlling for virological status, although subtle
differences may have been lost because of small sample size. Thus, there was no direct
association between the HLA class II genotypes and HCV-specific CD4 T cell responsiveness,
contrary to our initial expectations. Similarly, no significant independent association was
identified between class II HLA alleles, haplotypes, and antiviral CD4 T cell IFN-γ responses
in the large Virahep-C cohort with established chronic HCV infection in a recent study.52

Although this study did not examine HLA DRB3*02 or patients with HCV clearance, their
results further support the lack of direct association between class II HLA types and HCV-
specific CD4 T cell responses in patients with HCV clearance and persistence.

One interpretation for our finding is that these HLA types can promote more robust antiviral
CD4 T cell response during acute infection but that such effect may be lost over time.
Nevertheless, it is notable that the strength of antiviral memory T cell response is generally
believed to reflect its initial “burst size” during primary infection.40 Our analysis was also
largely focused on HCV-specific CD4 T cell proliferation, a key determinant of the virological
outcome in HCV infection.3–5,53 However, antigen-specific proliferation is only one aspect
of CD4 T cell function. For example, CD4 T cells also play a critical immune regulatory role,
provide help to induce and maintain efficient antiviral memory CD8 T cell response, and secrete
important antiviral cytokines (for example, IFN-γ).54,55 However, we found no associations
between HCV-specific CD4 T cell IFN-γ response and the three HLA class II genotypes among
white or black patients (data not shown). The associations between HLA genotypes and HCV-
specific T cell response (both CD4 and CD8) would be best examined prospectively in patients
with acute evolving hepatitis C, although this is a challenging task because of the difficulty in
identifying patients with acute hepatitis C5 and a multicenter approach needed to ensure
adequate representation of specific ethnicities, HLA types, and virological outcomes. In
addition, it would be important to define T cell epitopes restricted by the relevant HLA types
to more precisely monitor the antiviral immune responses. At a more basic level, it would be
interesting to examine the expression of these HLA molecules on antigen-presenting cells at
the protein level and to define their capacity for antigen processing and presentation as well as
T cell stimulation56 in future studies.

We are mindful of further limitations of this study. One concern is our modest sample size (n
= 93), which can result in a type II error in which faint but important associations may have
been missed. Conversely, we believe that there is low likelihood of detecting a false positive
(type I error) because our findings conform to published literature as well as the pattern of
linkage disequilibrium. It is also important to acknowledge that direct causality is difficult to
ascertain in most human studies, particularly for immunogenetic studies because various genes
may operate as proxies or surrogates through linkage disequilibrium, for the effects of genes
at other loci. Hence, among whites, the protective genotypes DQB1*03, DRB1*11, and
DRB3*02, though forming a well-known haplotype, may nonetheless be serving as a “stand-
in” for another pathway to viral clearance. Contrary to our initial expectation that association
between HLA class II types and HCV clearance can be explained by their capacity to induce
a vigorous antiviral CD4 T cell response, our findings suggest that this proposition may have
been too simplistic, albeit with a limited sample size. They also raise a more basic question
regarding HLA associations and highlight the need to validate immunogenetic associations
with further functional analysis.

In summary, we demonstrate significant HLA class II types that are associated with the
outcome of HCV infection with a distinct ethnic disparity. However, we also show that these
HLA class II types do not directly enhance antiviral CD4 T cell response. Future studies are
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needed to define the underlying mechanisms whereby HLA class II types participate in the
outcome of HCV infection, and how these pathways diverge with ethnicity.

Abbreviations
C, chronically hepatitis C virus–infected; HCV, hepatitis C virus; HIV, human
immunodeficiency virus; HLA, human leukocyte antigen; IFN-γ, interferon gamma; OR, odds
ratio; R, hepatitis C virus–recovered.
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Fig. 1.
HLA class II genotype prevalence in patients with chronic or spontaneously resolved HCV
infection by ethnic group. The bar graphs show the relative prevalence of HLA class II
genotypes within the DQB1, DRB1, DRB3, DRB4, and DRB5 loci in HCV-recovered (white
bars) and chronic (black bars) patients. Top panel refers to all patients (n = 93), middle panel
to white patients (n = 41), and bottom panel to black patients (n = 52). Red asterisks in the
middle panel refer to HLA types that were significantly associated with HCV clearance:
DQB1*03 (P = 0.031), DRB1*11 (P = 0.019), and DRB3*02 (P = 0.005). P-values were
calculated using chi-squared or Fisher’s exact test. Because DRB3*02 was not previously
associated with HCV clearance, a Bonferroni-type correction was applied for DRB3*02 with
continued statistical significance (Pc = 0.015).
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Fig. 2.
Presence of HLA DQB1*03, DRB1*11 and DRB3*02 is not associated with increased antigen-
specific CD4 T cell proliferation among subjects with similar virological outcomes. Presence
of DQB1*03, DRB1* 11, or DRB3*02 had no significant effect on CD4 proliferative 1 cell
response to HCV core, NS3-4, and NS5 among persons with similar virological status (chronic
versus recovered) and race (black or white). CD4 T cell proliferation is shown as SI in a
logarithmic scale. Patients positive for a HLA genotype are represented by shaded diamonds;
patients negative for a genotype are represented by unfilled diamonds (also indicated as − or
+, respectively). Only subjects with HCV genotype 1 infection by Innolipa or serotyping were
included (N = 73). Comparison of median stimulation indexes between persons with and
without specific HLA type in each ethnic/virological group using the nonparametric Mann-
Whitney U test showed no statistically significant associations (P > 0.05).
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