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Abstract

Human leukocyte antigen (HLA) genotype has been associated with probability of spontaneous
clearance of hepatitis C virus (HCV). However, no prior studies have examined whether this
relationship may be further characterized by grouping HLA alleles according to their supertypes,
defined by their binding capacities. There is debate regarding the most appropriate method to
define supertypes. Therefore, previously reported HLA supertypes (46 class | and 25 class 11) were
assessed for their relation with HCV clearance in a population of 758 HCV-seropositive women.
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Two HLA class Il supertypes were significant in multivariable models that included: (i)
supertypes with significant or borderline associations with HCV clearance after adjustment for
multiple tests, and (ii) individual HLA alleles not part of these supertypes, but associated with
HCV clearance in our prior study in this population. Specifically, supertype DRB3 (prevalence
ratio (PR)=0.4; p=0.004) was associated with HCV persistence while DR8 (PR=1.8; p=0.01) was
associated with HCV clearance. Two individual alleles (B*57:01 and C*01:02) associated with
HCYV clearance in our prior study became non-significant in analysis that included supertypes
while B*57:03 (PR=1.9; p=0.008) and DRB1*07:01 (PR=1.7; p=0.005) retained significance.
These data provide epidemiologic support for the significance of HLA supertypes in relation to
HCV clearance.
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INTRODUCTION

More than 3 million people in the United States (US) are chronically infected with hepatitis
C virus (HCV),! and over 40% of cirrhosis and hepatocellular carcinoma in the US is
attributable to HCV.2 Only a minority of those initially infected with HCV are able to
spontaneously clear the virus (i.e., without antiviral therapy). Those who clear HCV have
been shown to have broader and more sustained CD4+ and CD8+ T cell responses against
HCV antigens than those who fail to clear HCV infection (reviewed in34), consistent with
the critical role T cell-mediated immune responses are thought to play in the control of
viruses, including HCV.

T cells recognize HCV peptide antigens presented on cell surfaces by human leukocyte
antigen (HLA) molecules. HLA genes and molecules are highly polymorphic and this
heterogeneity is thought to play an important role in differences in HLA molecule binding
affinity — an important factor in determining the ability of T cells to recognize and respond
to antigens.#®> We and others have shown significant associations between HLA genotype
and the prevalence of having cleared HCV (reviewed in®).

However, no prior studies to our knowledge examined whether these relationships may be
further characterized by grouping individual HLA genotypes according to their peptide
binding affinities; often called their HLA “supertypes”’:8. While several associations
between HLA supertypes and the risk of HIV progression have been reported,%10:11 the few
studies related to HCV have focused on the laboratory identification of supertype-restricted
HCV epitopes rather than clinical outcomes.12:13

Therefore, we studied HLA supertypes in relation to HCV clearance in a population of 758
HCV-seropositive women in which we had previously examined associations of individual
HLA alleles with HCV clearance. We were particularly interested in whether the study of
HLA supertypes would provide information related to HCV clearance that could not be
recognized through the study of individual HLA alleles. In this sense, our study is an
evaluation of the relevance of HLA supertypes, using spontaneous HCV clearance as a
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model. One challenge to studying HLA supertypes, though, has been that there is no single
accepted definition of the individual alleles that constitute a supertype. Supertypes have
been defined using different computational and experimental criteria for determining HLA
molecule binding affinities by different scientific groups. We therefore used an agnostic
approach, and assessed multiple different well characterized supertypes defined by different
laboratories in order to, for the first time, study these supertypes and their relation with HCV
clearance. This approach provided new information regarding which if any of these
supertype classification systems had a strong relation with HCV clearance, a clinically
important phenotype.

Study Population

We studied a multiracial population of 758 women who were HCV-seropositive at
enrollment into the Women’s Interagency HIV Study (WIHS), as described in our prior
study of individual HLA alleles and HCV clearance.6 Briefly, 622 women were HCV RNA
positive and 136 tested negative for HCV RNA, of whom 524 (84%) and 112 (82%) were
HIV co-infected, respectively. Women who were HCV RNA positive were more likely than
those who were HCV RNA negative to be Black, non-Hispanic, and (among the HIV-
seropositives) to have lower CD4+ T cells levels. Age, history of injection drug use, and
HIV serostatus did not differ according to HCV RNA status.

HLA Supertype Associations with HCV Clearance

Among the 71 studied HLA supertypes, seven HLA class Il supertypes but no HLA class |
supertypes had significant associations with HCV clearance in analyses unadjusted for
multiple comparisons (shown in Supplementary Table 1). Only one of these seven
supertypes, DRB3 (Greenbaum et al.),14 was significantly associated with HCV clearance
following adjustment for multiple comparisons using both false discovery rate (FDR)-
adjusted q values and permutation resampling-adjusted p values (Prevalence Ratio (PR):
0.35; 95% CI: 0.20-0.59; pynadjusted <0-001; g = 0.008; Ppermutation < 0.001). However, three
other supertypes were borderline significant using FDR-adjusted g values (q < 0.10),
including the DR8 supertype (PR: 1.84; 95% ClI: 1.19-2.85; p=0.007; g = 0.080; Ppermutation
=0.917) described by Lund et al., 15 the DR1*01 supertype (PR: 1.70; 95% Cl: 1.14-2.56;
p=0.01; g = 0.098; Ppermutation = 0-336) described by Nielsen et al.,16 and the A supertype
(PR: 1.64; 95% CI: 1.18-2.29; p=0.004; q = 0.080; ppermutation = 0-115) described by Ou et
al.1” In an additional sensitivity analysis in which we adjusted for HIV serostatus/CD4+ T
cell counts, these associations were essentially unchanged: DRB3 (PR: 0.35; 95% CI: 0.20-
0.59), DR8 (PR: 1.81; 95% CI: 1.17-2.80), DR1*01 (PR: 1.73; 95% CI: 1.15-2.60), A (PR:
1.68; 95% CI: 1.20-2.35).

Table 1 shows the individual HLA alleles that comprise the four supertypes that remained
significant or of borderline significance after adjustment for multiple tests. DRB3 includes
two HLA alleles that were present in our study population (DRB1*03:01 and DRB1*13:02)
and these two alleles had similar, significant inverse associations with HCV clearance. We
then used an alternative approach — MHCcluster analysis — to further assess the clustering of
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DRB3 alleles and those of the other HLA supertypes found to have significant or borderline
significant associations with HCV clearance based on the sequence features defining their
peptide binding grooves. MHCcluster analysis did not show that DRB1*03:01 and
DRB1*13:02 clustered together according to binding groove characteristics. Instead,
MHCcluster analysis found that DRB1*13:02 clustered together with the DRB1*01:03
allele that other methods included in the DR1*01 supertype. Each of the three women with a
DRB1*01:03 allele was HCV RNA positive, though, and the association of the
DRB1*13:02/DRB1*01:03 cluster with HCV clearance (PR: 0.33; 95% CI: 0.15-0.73; p <
0.0001) was similar to the association of the DRB3 supertype defined as DRB1*03:01/
DRB1*13:02. We then separately incorporated the two cluster definitions, DRB1*03:01/
DRB1*13:02 and DRB1*13:02/DRB1*01:03, in multivariable analyses. These models
included all supertypes with significant or borderline significant associations and also the
alleles not part of these supertypes that were significantly associated with HCV clearance in
our prior study in this population.6 Both the DRB1*03:01/DRB1*13:02 (PR: 0.44; 95% CI:
0.25-0.76; p = 0.004 — shown in Table 2) and DRB1*13:02/DRB1*03:01 (PR: 0.45; 95%
Cl: 0.20-1.00; p = 0.05) cluster definitions retained similar inverse associations with HCV
clearance in multivariable analyses, although the association of the DRB1*13:02/
DRB1*03:01 cluster was no longer statistically significant.

The four alleles that comprise the DR8 supertype each had positive associations with HCV
clearance, and though the strength of these relationships varied, three of the four alleles had
PRs >2. The four DR8 alleles clustered together in MHCcluster analysis along with the
DRB1*14:02 allele from the A supertype. Only two women in our population had the
DRB1*14:02 allele — one HCV RNA positive and one HCV RNA negative — and addition of
DRB1*14:02 to the DR8 supertype did not change the association between DR8 and HCV
clearance. In multivariable analysis of all supertypes together, both the original DR8
clustering definition that included DRB1*08:01/DRB1*08:02/DRB1*08:04/DRB1*08:06
(PR: 1.76; 95% CI: 1.16-2.71; p = 0.01 — shown in Table 2) and the alternate clustering
definition suggested by MHCcluster analysis that included DRB1*14:02 along with those
four alleles (PR: 1.77; 95% CI: 1.14-2.72; p = 0.008) retained significant positive
associations with HCV clearance.

Each of the three alleles in DR1*01 had positive associations with HCV clearance. Two of
these alleles (DRB1*01:01 and DRB1*10:01) clustered together along with DRB1*01:02
from the A supertype in MHCcluster analysis, while the third allele (DRB1*01:03) did not.
The association between the DR1*01 supertype and HCV clearance was essentially the
same as that using the alternative clustering definition of DRB1*01:01/DRB1*10:01/
DRB1*01:02. In multivariable analysis, neither the original DR1*01 clustering definition
(PR: 1.50; 95% CI: 0.90-2.50; p = 0.12 — shown in Table 2) nor the alternative clustering
definition of DRB1*01:01/DRB1*10:01/DRB1*01:02 (PR: 1.40; 95% Cl: 0.80-2.44; p =
0.25) retained statistical significance.

While the eight A supertype alleles varied in their associations with HCV, five of the eight
had positive associations that ranged from PR=1.38 to PR=2.05. The other three alleles in
the A supertype had null associations. In MHCcluster analysis, four of the eight alleles in the
A supertype (DRB1*04:01, DRB1*04:04, DRB1*04*05, DRB1*04:08) clustered together
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while the other four alleles did not. In multivariable analysis, the association of the A
supertype with HCV clearance was statistically non-significant (PR: 1.49; 95% CI: 0.97-
2.28; p=0.07 —shown in Table 2) as was the alternative clustering definition of
DRB1*04:01/DRB1*04:04/DRB1*04*05/DRB1*04:08 (PR: 1.05; 95% CI: 0.63-1.74; p =
0.86).

Associations of two alleles (B*57:01 and C*01:02) that were associated with HCV
clearance in our prior study in this population6 became statistically non-significant in
multivariable analysis (Table 2). In contrast, B*57:03 (PR=1.89; 95% C1=1.18-3.02;
p=0.008) and DRB1*07:01 (PR=1.73; 95% C1=1.18-2.53; p=0.005) retained significant
associations with HCV clearance.

DISCUSSION

This is the first study, to our knowledge, to examine the relation of HCV clearance with
HLA supertypes. Several different classification systems to define these supertypes have
been proposed, based on different methods for determining which HLA molecules share
similar binding affinities. Binding affinity is an important factor in determining the ability of
T cells to recognize and respond to HCV antigens.4;5 In the current investigation, we
examined multiple different well characterized supertypes defined by different laboratories,
that were determined based on high-resolution HLA genotype data. Our results therefore
provide important information regarding which if any of these supertype classification
systems are biologically significant to HCV clearance. It is one of just a few studies that has
used clinical outcomes and data to evaluate the relevance these proposed supertype
definitions.

Supertypes are controversial since there is no agreed upon method for assessing the binding
affinities of HLA molecules. Therefore, different research groups have reached different
conclusions regarding the proper clustering of HLA alleles according to their binding
affinities, into what are termed supertypes. The strongest association with HCV clearance in
our study was with the HLA class 11 supertype DRB3, as defined by Greenbaum et al.,14
which had a significant inverse association with HCV clearance, even after correction for
multiple tests using two separate methods. However, there is laboratory disagreement
regarding the definition of the DRB3 supertype. The MHCcluster method, for example, did
not find that DRB3 supertype alleles clustered together based on the sequence features
defining their peptide binding grooves. We also note that the high-resolution HLA
genotyping we conducted in this study population did not include genotyping of DRB3,
DRB4 and DRBS alleles — some of which are included in the DRB3 supertypel4 — because
these genes are not present in all individuals.

At least one prior study,0 for example, found that the DRB3*02 allele group was positively
associated with HCV clearance in a population of 41 White participants, albeit, not among
52 Black participants. WIHS women are majority non-Hispanic Black, and it is not clear
from that prior study if the DRB3*02:02 allele — which is included in the DRB3 supertype —
was present in that study population.22 Nonetheless, the results of that prior study and of the
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current investigation suggest that important insights may be obtained from examining the
relationship between DRB3, DRB4 and DRBS5 alleles and HCV clearance in future studies.

Three supertypes were significantly associated with HCV clearance prior to adjustment for
multiple tests, and had g values of borderline significance when assessed using false
discovery rate procedures. Each of these supertypes had a positive association with HCV
viral clearance. The DR8 supertype reported by Lund et al.1> was especially noteworthy
because the clustering of DR8 alleles was confirmed in MHCcluster analysis and its
association with HCV clearance remained statistically significant in multivariable analysis.
The DRS8 supertype was also noteworthy because it included uncommon HLA alleles (in our
population). Thus, it is only through examining these alleles within a supertype that their
possible associations with HCV clearance could be recognized in the current analysis.

The association of DR1*01 with HCV clearance was not statistically significant in
multivariable analysis, and only two of the three DR1*01 supertype alleles reported by
Nielsen et al.16 clustered together in MHCcluster analysis. We therefore view the
association of DR1*01 with HCV clearance with some skepticism, pending confirmation in
other populations. Four of the eight alleles of the A supertype did not cluster together in
MHCcluster analysis, and the association between the A supertype and HCV clearance was
also non-significant in multivariable analysis. It is therefore unlikely that the A supertype
has a biologic relationship with HCV clearance.

Suprisingly, no HLA class | supertypes were associated with HCV clearance in our study
population, even in analyses that did not adjust for multiple testing. While this would seem
to argue against the relevance of the HLA class | supertype classifications as they pertain to
HCV, we note that HLA class | supertypes defined by Sette and Sidney,2! which we
evaluated in the current analysis, were found to have strong associations with HIV RNA and
CD4+ T cell levels in data reported by other groups.9;10:11

In addition to the possible associations of supertypes DRB3 and DR8 with HCV clearance,
multivariable analysis also showed a significant relation of HCV clearance with two
individual alleles, namely, DRB1*07:01 and B*57:03. Two other alleles that had been found
to be associated with HCV clearance in our prior investigation6é were no longer significant
after adjustment for HLA supertypes. It is notable that B*57:03 retained a significant
independent association with HCV clearance in multivariable analysis while B*57:01 did
not. While B*57:01 and B*57:03 differ only by two amino acids, recent research related to
the interaction of B*57 molecules with the HIV-1 Gag epitope KF11 has shown that the
amino acid sequence differences between B*57:01 and B*57:03 result in the recruitment of
KF11-specific CD8+ T cells with very different T cell receptor (TCR) repertoires.22 Future
studies are needed to determine whether CD8+ T cell responses to B*5701-restricted HCV
epitopes also differ from those to B*5703-restricted HCV epitopes. We note, though, that
power to detect significant associations for B*57:01 is lower than for B*57:03 in WIHS
because B*57:01 is less prevalent in this majority non-Hispanic Black cohort.

Several limitations to the interpretation of these results must be considered. First, we note
that there is no single accepted method or criteria for defining HLA supertypes. Thus,
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different scientific group have grouped different alleles into different supertypes. While we
adopted an agnostic approach to the study of HLA supertypes, and assessed several different
HLA supertype classification systems, it is possible none of these is wholly correct. The
differences in methods used to define supertypes and peptide binding repertoires are
reflected in both our calculation of percentage agreement between the studied supertypes
and by our additional analysis using MHCcluster. Percentage agreement was high to very
high (77% — 99%) between some, but not all, studied class | supertypes but was lower
(37%-50%) between the class 11 supertypes. Further, MHCcluster provided additional
alternative groups of HLA alleles that differed from the previously reported supertypes that,
in the current study, had associations with HCV clearance. Second, the current study
examined HCV antibody and HCV RNA data from the WIHS enrollment visit. Although
most spontaneous HCV clearance occurs shortly after HCV infection, clearance of HCV
RNA continues to occur over time in a small fraction of those with chronic HCV.23:24 Thus,
it is possible that there is a small degree of misclassification in HCV viremia status that
would be resolved with repeat HCV RNA testing. Lastly, we cannot exclude the possibility
that the supertype associations identified in this study reflect associations of non-HLA
genetic variants in linkage disequilibrium with HLA alleles.

Overall, our results suggest that the study of HLA supertypes may inform our understanding
of the immunogenetic factors that influence host clearance of HCV infection. It is one of just
a few studies that has used clinical outcomes and data to evaluate the relevance these
proposed supertype definitions. In particular, if our results are confirmed by other groups, it
would suggest that certain HLA class Il binding pocket characteristics are associated with
reduced (i.e., the binding pockets of the DRB3 supertype) or enhanced (i.e., DR8) host
capacity to clear HCV infection, which could point to the types of peptide antigens most
likely to be effective in a vaccine (one able to stimulate the immune system to clear HCV if
exposed). From a research perspective, HLA supertypes may also be useful in allowing the
assessment of uncommon HLA alleles. Thus, the current study suggests that studying HLA
alleles according to their biologic characteristics could provide data that are relevant to
larger groups of patients and provide new understanding of the role of HLA in health and
disease. Conversely, the conflicting data regarding the relatedness of certain alleles suggests
that methods for defining HLA binding pocket characteristics remain imperfect. Further
research is needed to improve these methods, with clinical outcome studies used to
adjudicate which definitions are most biologically relevant.

MATERIALS AND METHODS

Review of the HLA Supertype Literature

The PubMed database was searched using the terms “supertype” and “HLA” (or “MHC”).
References cited in the articles identified through this search, as well as in review articles or
book chapters, were also identified. Each report was then obtained and critically evalauated.
We excluded studies that did not base their supertype definitions on high-resolution HLA
genotype data,2> only examined a narrow range of alleles,28 or in which the supertypes
reported included only a single HLA allele found in our population.2”:28 Qverall, we found 5
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studies that provided class 11%:29:30:31:32 and 5 studies that provided class 1114:15:16:17:33
supertype definitions that met these criteria.

Table 2 shows all 71 supertypes (46 class | and 25 class I1) reported by these studies. The
individual HLA alleles that make up each supertype are shown in Supplementary Table 2.
The percentage of HLA allele agreement between class | supertype definitions has been
previously reported,3° with high to very high (77% — 99%) agreement found between the
class | definitions of Lund et al.,}> Hertz and Yanover3? and by Sette and Sidney.2! Percent
agreement of these definitions with those of Doytchinova et al.2% was, however, lower (41%
- 49%).30 No studies to our knowledge reported percentage of agreement between class I
supertypes. We calculated percent agreement between the class Il supertypes defined by
Lund et al.15 and Doytchinova et al.33 (38%), Nielsen et al.1® and Doytchinova et al.33
(37%), and Lund et al.1® and Nielsen et al.16 (50%). Percent agreement with the HLA class
Il supertypes defined by two other research groups could not be determined since they used
different nomenclature.14:17

Study Population and Laboratory Methods

Characteritics of the HCV-seropositive women as well as the laboratory methods for HCV
testing and HLA genotyping were described in our prior study of individual HLA alleles and
HCV clearance in this population.® Briefly, the current study focused on 1 204 women who
were HCV-seropositive at enrollment into the Women's Interagency HIV Study (WIHS), an
ongoing prospective, multicenter cohort study of 2 793 HIV-seropositive and 975 at-risk
HIV-seronegative women enrolled through similar sources at six clinical sites. The initial
WIHS enrollment was conducted between October 1994 and November 1995, and a second
recruitment occurred during 2001-02.

We excluded women without known HCV RNA status (N=134), those who had not
provided consent for HLA genetic testing (N=288), and the few women of race/ethnicity
other than White non-Hispanic, Black non-Hispanic, or Hispanic race/ethnicity (N=24).
Compared with those included in this study, the HCV-seropostive women who were
excluded were younger (p=0.03), less likely to be non-Hispanic Black (p<0.01), less likely
to report injection drug use (IDU) (p<0.01), and (among the HIV/-seropositives) had lower
CD4+ T cell levels (p=0.02).

Statistical Methods

We used multivariable log-binomial models to study associations between HLA class | and
Il supertypes and HCV clearance in HCV seropositive women. These models included only
two variables, supertype and race/ethnicity [White non-Hispanic, Black non-Hispanic,
Hispanic], consistent with recent statistical genetics studies which have shown that
demographic and behavioral characteristics other than race/ethnicity are rarely associated
with the genes under study and that genetic association models are generally unaffected by
control for multiple covariates.3* While HIV disease progression is associated with the
HLA, most HCV in HIV-seropositive women is related to injection drug use and the HCV
epidemic among 1DU predated the HIV epidemic.3> Thus, HCV is thought to typically
predate HIV in these individuals, who will have cleared HCV or developed chronic infection
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prior to becoming HIV infected. Consistent with this timeline, the results of our previous
study of individual HLA alleles and HCV clearance in this population were largely
unaffected by control for HIV and CD4+ T cell count.6 We conducted a sensitivity analysis
in the current study, though, by adjusting those supertypes that showed at least borderline
significance for HIV serostatus/CD4+ T cell counts [HIV-seronegative, HIV-seropositive
with CD4+ T cell count =500 cells/mm3, HIV-seropositive with CD4+ T cell count <500
cells/mm3]. As in most prior studies of HLA genotype and disease, the analyses were
conducted assuming a dominant genetic model (1 or 2 copies of a given supertype
constitutes ‘exposure’).

A major consideration was correction for multiple hypothesis testing, since a large number
of different supertypes were examined in this study. However, no single well-established
method could fully address multiple testing in these data. For example, many of the
supertypes that we studied are highly correlated (i.e., we studied multiple different
approaches for defining supertypes based on the same HLA alleles), and this correlation
violates a key assumption of false discovery rate (FDR) and similar p value correction
methods which assume independent or weakly dependent hypothesis tests. Conversely,
correction methods that can account for correlations, such as permutation methods, cannot
take important covariates (e.g., race/ethnicity) into consideration. Therefore, as an
alternative approach, we present statistical significance in several different ways:
uncorrected p values, FDR-adjusted q values using the method of Storey and Tibshirani, 8
and p values corrected for multiple testing by permutation resampling.1® Briefly, the q value
has a somewhat different interpretation than a p value in that the g value is the rate that
associations categorized as statistically significant are truly non-significant, whereas a p
value is interpreted as the rate that truly non-significant associations are categorized as
statistically significant. We used the a=0.05 threshold to define statistical significance for
both p and q values.

Following adjustment for multiple comparisons, we then used an alternative approach to
further examine the HLA supertypes found to have significant or borderline significant
associations with HCV clearance. Specifically, we used MHCcluster 1.0 (http://
www.cbs.dtu.dk/services/MHCcluster/)36 to determine the clustering of the alleles included
in the HLA supertypes with significant or borderline significant associations based on
sequence features defining their peptide binding grooves. MHCcluster 1.0 analysis was
conducted using the default parameters of 100 bootstrap calculations and 50,000 included
peptides.

As a final analytic strategy, we studied the HLA supertypes with significant or borderline
significant associations with HCV clearance after adjustment for multiple comparisons
together in a single multivariable model. This model included not only the HLA supertypes
but also those HLA alleles not part of these supertypes that were significantly associated
with HCV clearance in our prior study of individual HLA alleles in this population.®

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 2

Independent associations of HLA supertypes and HLA alleles with HCV viremia among HCV seropositive
women - shown are those HLA supertypes that retained significant or marginally significant (o < 0.10) false
discovery rate (FDR)-adjusted g values after adjustment for multiple comparisons and those alleles not part of

these supertypes that were significantly associated with HCV viremia in our prior study in this population®

HLA supertype PR (95% ClI) p value

DRB3 0.44(0.25,0.76)  0.004
DR8 176 (1.14,2.72) 001
DR1*01 150 (0.90,250)  0.12
A 1.49(0.97,2.28)  0.07

Individual alleles

DRB1*07:01 1.73(1.18,2.53)  0.005

B*57:01 1.44(0.70,3.00)  0.32
B*57:03 1.89(1.18,3.02)  0.008
C*01:02 1.32(0.72,2.43) 037

PR: Prevalence Ratio; 95% CI: 95% Confidence Interval

Results from a single multivariable log-binomial model with adjustment for race/ethnicity (non-Hispanic Black, non-Hispanic White, Hispanic)
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Table 3
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Previously described HLA supertypes by laboratory (see Methods for inclusion criteria, and Supplementary
Table 2 for a list of individual HLA alleles included in each supertype).

Class|

Supertype (number of HLA genotypesincluded in the supertype)l

Ref

Doytchinova et al.

A2 (15), A3 (22), A24 (3), B (33), B27 (23), B44 (25), C1 (14), C4 (12)

29

Hertz & Yanover

AL (10), A2 (8), A3 (6), A24 (3), BT (7), B27 (3), B39 (4), B44 (6)

30

Lund et al. Al (10), A2 (8), A3 (8), A24 (3), B7 (12), B27 (8), B39 (4), B44 (11), B58 (6), B62 (3) 15
Reche et al. A2 (6), A3 (6), A24 (2), AB (2), B7 (6), B15 (2), B27 (2), B44 (2), B57 (3), Bx (3) 3L
Sidney et al2 Al (10), A2 (9), A3 (14), A24 (3), A0L/A24 (2), B7 (24), B27 (19), B44 (16), B58 (8), B62 (6) 32
Class Il

Doytchinova & Flower

DRI (10), DR3 (2), DR4 (14), DR5 (18), DQ1 (8), DQ3 (4)

33

Greenbaum et al.

Main DR (6), DR4 (3), DRB3 (2), Main DQ (4), DQ7 (2)

14

Lund et al. DRI (2), DR4 (5), DR8 (4), DR11 (3), DR13 (4), DR15 (2) 15
Nielsen et al. DR1*01 (3), DR1*03 (2), DR1*04 (5), DR1*08/11 (2) 16
Oucetal. A (8), De (5), E (6), Dr (8) 17

1 . . . .
Restricted to supertypes that included at least two HLA genotypes present in our study population

lrhe supertpes defined by Sette and Sidney 21 are very similar to those defined by Sidney et al.32, this latter study was included in the current

investigation
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