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Abstract
We have updated the catalogue of common and well-documented (CWD) HLA alleles to reflect
current understanding of the prevalence of specific allele sequences. The original CWD catalogue
designated 721 alleles at the HLA-A, -B, -C, -DRB1, -DRB3/4/5, -DQA1, -DQB1, and –DPB1
loci in IMGT/HLA Database release 2.15.0 as being CWD. The updated CWD catalogue
designates 1122 alleles at the HLA-A, -B, -C, -DRB1, -DRB3/4/5, -DQA1, -DQB1, -DPA1 and –
DPB1 loci as being CWD, and represents 14.3% of the HLA alleles in IMGT/HLA Database
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release 3.9.0. In particular, we identified 415 of these alleles as being “common” (having known
frequencies) and 707 as being “well-documented” on the basis of ~140,000 sequence-based typing
observations and available HLA haplotype data. Using these allele prevalence data, we have also
assigned CWD status to specific G and P designations. We identified 147/151 G groups and
290/415 P groups as being CWD. The CWD catalogue will be updated on a regular basis moving
forward, and will incorporate changes to the IMGT/HLA Database as well as empirical data from
the histocompatibility and immunogenetics community. This version 2.0.0 of the CWD catalogue
is available online at cwd.immunogenomics.org, and will be integrated into the Allele Frequencies
Net Database, the IMGT/HLA Database and National Marrow Donor Program’s bioinformatics
web pages.
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Introduction
The common and well-documented (CWD) catalogue was assembled by an American
Society for Histocompatibility and Immunogenetics (ASHI) ad-hoc committee for the
purpose of identifying alleles to be resolved in external proficiency testing (1). However,
since its publication, the CWD catalogue has been used for a variety of applications that
depend on a knowledge of allele prevalence (e.g., for the in silico reduction or resolution of
genotyping ambiguity (2,3), as a criterion for studying specific alleles (4), and as an estimate
of allele-frequency (5)), under the assumption that alleles not included in the CWD
catalogue were unlikely to be detected in subsequent genotyping efforts. The allele-
prevalence information that served as the basis of the original CWD catalogue derived from
genotyping performed with sequence-specific oligonucleotide-probe (SSOP), sequence-
specific primer (SSP), and DNA sequence-based typing (SBT) methods. At the time, these
methods considered nucleotide polymorphisms located primarily in exon 2 of class II alleles
and exons 2 and 3 of class I alleles. These exons encode the antigen-recognition domain
(ARD) of the HLA protein, a domain that binds peptides, and interacts with T cell receptors
and killer-cell immunoglobulin-like receptors. SSOP and SSP methods provide only partial
sequence information for a given exon. While this approach was sufficient for developing a
CWD catalogue specific for proficiency testing at the time, it was insufficient for developing
a comprehensive understanding of allele prevalence, making the original CWD catalogue ill-
suited to some of the applications for which it is currently being utilized.

The original CWD catalogue has proven an effective predictor of allele prevalence in many
recent studies (e.g., 5–7). For example, Cano, Mack, and Fernández-Viña (8) determined the
predictive value of the original CWD catalogue to range from 99.53–99.95 for the alleles
proposed by He et al. (9) to be CWD in the Han Chinese population. However, the
discrepancy between the intent with which the CWD catalogue was devised and the
additional applications implemented by the histocompatibility and immunogenetics
community suggests that an update to the catalogue is required. Several additional factors
have also necessitated a close review of the original catalogue. Since the publication of the
original CWD catalogue, the number of recognized alleles at the classical HLA loci has
increased more than three-fold (10), and feedback received from the histocompatibility and
immunogenetics community over the last five years has made it clear that some of these
alleles may warrant inclusion in the catalogue. For example, the same studies in which the
predictive power of the original CWD catalogue has been demonstrated (5–7,9) have also
suggested that there remain some alleles (e.g., A*32:08 and C*07:13) that should be added
to the catalogue. The extension of SBT methods to exons that do not encode the ARD, and

Mack et al. Page 2

Tissue Antigens. Author manuscript; available in PMC 2014 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



the application of these methods in populations that had not previously been extensively
genotyped, has identified alleles that were unknown or could not be considered at the time
that the original list was compiled (9,11). Finally, the original CWD catalogue is not
available in a portable electronic form; it was published as a set of manuscript tables, and
does not reflect the recent, and in some cases, non-obvious, changes that have been made to
the nomenclature for HLA allele names (12).

A working group was convened in 2010 for the purpose of reviewing and updating the CWD
catalogue; where the original catalogue was the product of an ASHI ad-hoc committee, this
working group was expanded to include representatives from Asia, Europe, South America,
and the Pacific. Rather than simply working to revise the original CWD catalogue, this
working group set for itself the goals of developing new criteria for considering allele
prevalence in light of technological and scientific innovations, and of identifying new ways
to make the allele prevalence information compiled in the CWD catalogue available and
useful to the research community. Here, we present a first update to the CWD catalogue.

Materials and Methods
Children’s Hospital & Research Center Oakland’s Institutional Review Board approved the
collection and storage of allele and haplotype prevalence data that exclude human subjects
identifiers for this research. The work described here involves coded private information, the
data were not collected specifically for this research project, and investigators cannot
determine the identity of individuals to whom these data pertain.

Allele Categorizations and Inclusion Criteria
The efforts of the working group began with the division of all 6632 alleles at the HLA-A, -
B, -C, -DRB1, -DRB3/4/5, -DQA1, -DQB1, -DPA1 and –DPB1 loci in IMGT/HLA
Database release 3.5.0 into three categories. Alleles were initially assigned to these
categories on the basis of published studies (13–79), frequency data available in the Allele
Frequencies Net Database (AFND) (80), allele prevalence data collected as part of the
AFND rare alleles project (http://allelefrequencies.net/hla6001a.asp), version 3.1.0 of the
National Marrow Donor Program’s (NMDP) biannual rare alleles list (http://
bioinformatics.nmdp.org/HLA/Rare_Allele_Lists/Biannual_Rare_Allele_Lists.aspx), and
SBT results from the M.D. Anderson Cancer Center. Duplicate sources (e.g., published
studies that are also in included in AFND) were considered only once.

The alleles in the first category have been observed in multiple populations, although not
necessarily in every population or in every region of the world. We identify these alleles as
being common, and call this the Common category. There is universal agreement about
these alleles, their frequencies are known, and there is ample data supporting their presence
and frequency. As described by Cano et al. (1), these alleles are observed at frequencies >
0.001 in reference populations of at least 1,500 individuals.

The alleles in the second category are not as widely distributed as the alleles in the Common
category, but their presence has been documented in many studies. Their frequencies are less
certain than those of alleles in the Common category. These alleles may be described as
“rare” in some cases, but the term “rare” has been given a variety of conflicting definitions.
For example, the AFND rare alleles project defines alleles that have been reported one to
three times since they were initially identified as rare, and those alleles that have never been
reported since their initial identification as very rare, whereas the NMDP biannual rare
alleles list includes class I alleles observed at a frequency less than 1/50000 and DRB1
alleles observed at a frequency of less than 1/100000 in the NMDP registry. To avoid
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confusion with these terms, we identify these alleles as being well-documented, and call this
the Well-Documented category.

Alleles were included in the Well-Documented category if they had been observed five
times in unrelated individuals through the use of a SBT method that assessed the pertinent
exon(s), or if they had been detected three times via SBT and observed in a specific
haplotype in unrelated individuals. For example, the predicted polypeptide sequence of
A*23:17 differs from that of A*23:01:01 by an amino-acid H283P change encoded in exon
5. The A*23:17 allele has been identified in three unrelated individuals in the same ethnic
group via exon 5 sequencing, and is associated with a B*45:01~DRB1*13:01 haplotype.
Because this allele was identified in multiple individuals, persists in a population in a
specific haplotype, but is not observed in numerous populations at high frequency, it was
included in the Well-Documented category.

Much of the effort of the working group involved the consideration of the alleles that were
not initially included in either the Common or Well-Documented categories. This work
included the evaluation of alleles that were part of the original 2007 CWD catalogue, but for
which prevalence data seem to be lacking, as well as alleles that were not included in the
original 2007 CWD catalogue, but which may have merited inclusion in the Well-
Documented category if sufficient support could be found for them. The working group was
tasked with scrutinizing these alleles with the goal of providing support for their inclusion in
the Well-Documented category.

Examples of these alleles include A*24:06, which was included as part of the original CWD
catalogue, and A*11:53, which was not. The predicted polypeptide sequence of A*24:06
differs from A*24:02 by an amino-acid Q156W change encoded in exon 3. While this allele
was reported 39 times in 10 studies deposited in the AFND, all of those studies used SSOP
and SSP methods, and the complete exon 3 sequence of this allele appeared to have been
identified in only one cell. Because the presence of this allele had been inferred from SSOP
methods (and in at least 5 individuals in the population from which the original cell was
derived), it was suggested for consideration by the working group.

The predicted polypeptide sequence of A*11:53 differed from that of A*11:02 by an amino-
acid P276L change encoded in exon 5. This difference was particularly noteworthy in that
the P276 of A*11:02 appeared to be an uncommon polymorphism that was not seen in other
A*11 alleles, which display L276. We hypothesized that the relationship between A*11:02
and A*11:53 might have been comparable to that of DRB1*14:01:01 and *14:54:01; these
alleles have experienced an inversion in perceived frequency in light of exon 3
polymorphism (81). A*11:53 may have warranted inclusion in the Common category,
whereas, A*11:02:01 potentially warranted inclusion in the Well-Documented category, or
possibly exclusion from the catalogue. It was subsequently discovered that the exon 5
sequence of A*11:02:01 contained an error, and that A*11:53 was identical to the corrected
sequence of A*11:02:01 (11).

The working group was asked to identify any alleles excluded from the Common and Well-
Documented categories that had been detected using a SBT method that assessed the
appropriate unique sequence features. At the beginning of this effort, 5758 IMGT/HLA
Database 3.5.0 alleles had not been included in the original CWD catalogue, and were not
considered as candidates for inclusion in the Well-Documented category. For example, the
nucleotide sequence of C*12:02:01 differs from that of C*12:02:02 by a nucleotide change
(A873G) in exon 4. While C*12:02:01 had been reported 89 times in 16 studies deposited in
the AFND, the genotyping performed in these studies assessed exon 2 and 3 data alone, and
C*12:02:01 was reported because it is the lowest numbered allele in an ambiguity group that
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also included C*12:02:02 (which was included in the Common category). Because of this,
C*12:02:01 appeared to have only been identified in one cell.

SBT data for individual alleles and available haplotype association data were collected from
the working group and used to assess the initial exclusion of alleles from the Well-
Documented category. Alleles detected five times via SBT methods in unrelated individuals
or that were detected three times via SBT in unrelated individuals sharing a haplotype, were
assigned to the Well-Documented category. Alleles that did not meet these minimum
threshold criteria were excluded from the catalogue. After these evaluations, the alleles in
the Common and Well-Documented categories were compiled into the updated CWD
catalogue presented here.

It is important to note that these criteria are more conservative than those described by Cano
et al. (1), under which alleles were considered CWD if they were observed three times in
unrelated individuals, regardless of the typing methodology employed. The aim in applying
this more conservative approach was to exclude alleles from the CWD catalogue that may
be generated and lost stochastically and that therefore do not persist in the human
population. Klitz, Hedrick, and Louis (82) estimated that 3.5 million alleles exist at each
HLA locus in the current human population and that 1.4 million of these are newly
generated; many of these latter will likely not persist in the population, and should not be
included in the CWD catalogue, but as SBT methods are more commonly used and as
sequencing efforts are extended into additional sequence regions, the likelihood that they
will be detected and included in the IMGT/HLA Database increases. The consistent
appearance of an allele in a specific haplotype speaks to the presence of that allele in a
population, suggesting that it is what Klitz et al. describe as “epidemiologically
consequential.” Similarly, SBT methodology is crucial for allele detection with low levels of
associated ambiguity, and as knowledge of allelic polymorphism is extended to new exons,
introns and untranslated regions, SBT should be considered a standard method for
estimating allele prevalence.

Finally, the common or well-documented categorizations and allele prevalence data
collected for individual alleles were used to categorize G and P groups. A given G group
represents all alleles that share a nucleotide sequence for ARD-encoding exons, and a given
P group represents all alleles that share a polypeptide sequence for the ARD, excluding null
alleles (12).

Results
The working group provided prevalence information on 1758 HLA-A, -B, -C, -DRB1, -
DRB3/4/5, -DQA1, -DQB1, -DPA1 and -DPB1 alleles, representing 26.5% of the HLA
alleles in IMGT/HLA Database release 3.5.0. Of these, 139,961 SBT observations were
reported for 1572 alleles detected in Australia, Brazil, China, France, the Netherlands, and
the United States of America. Details of these SBT observations are presented in Table 1.
The updated CWD allele catalogue compiled from these data is presented in Supplementary
Table S1; in addition to identifying each allele included in the updated catalogue and its
common or well-documented status, this table identifies the IMGT/HLA Database accession
number for each included allele, and identifies included alleles that were part of the original
CWD catalogue, included alleles that were identified after IMGT/HLA Database release
2.15.0, and included alleles with names that were extended subsequent to IMGT/HLA
Database release 3.5.0. The original CWD catalogue published by Cano et al. (2007) is
hereafter referred to as the CWD 1.0.0 catalogue, and the update to the catalogue described
here as the CWD 2.0.0 catalogue. Details of this version identification system are provided
below. Although these allele prevalence evaluations were performed on IMGT/HLA
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Database 3.5.0 alleles, the allele-names have been updated to those in IMGT/HLA Database
release 3.9.0. The names of 20 alleles were extended through the addition of an extra
polymorphic field between the release of IMGT/HLA Database 3.5.0 and 3.9.0; in these
cases, the sequence of the allele included in the CWD 2.0.0 catalogue is consistent with the
SBT data provided by the working group.

A comparison of the allele content of the CWD 1.0.0 and 2.0.0 catalogues is presented in
Table 2. The CWD 2.0.0 catalogue includes 1122 alleles whereas the CWD 1.0.0 catalogue
included 721; however 33 alleles in the CWD 1.0.0 catalogue are absent from the CWD
2.0.0 catalogue, so that 434 alleles have been added to the CWD catalogue. Of these, 82
alleles were identified subsequent to IMGT/HLA Database release 2.15.0 and could not
have been included in the CWD 1.0.0 catalogue. The 33 alleles that have been removed
from the CWD catalogue are presented in Table 3. The remaining 6712 alleles at the HLA-
A, -B, -C, -DRB1, -DRB3/4/5, -DQA1, -DQB1, -DPA1 and –DPB1 loci in IMGT/HLA
Database release 3.9.0 have been excluded from the CWD catalogue.

The CWD 2.0.0 catalogue for G groups is presented in Supplementary Table S2, and the
CWD 2.0.0 catalogue for P groups is presented in Supplementary Table S3. Of the 151 G
groups that can be derived from IMGT/HLA Database 3.9.0 alleles, only 4 (A*02:81:01G,
B*15:123:01G, B*35:137:01G and C*07:01:20G) are excluded from the CWD 2.0.0
catalogue. Of the 147 G groups included in the CWD 2.0.0 catalogue, 142 include at least
one common allele, while only five included no common alleles.

Of the 415 P groups that can be derived from IMGT/HLA Database 3.9.0 alleles, 290 were
included in the CWD 2.0.0 catalogue; of these, 241 include at least one common allele,
while 48 included no common alleles. Only one P group (C*04:15P) in the CWD 2.0.0
catalogue included only alleles that had individually been excluded from the catalogue; this
P Group comprises three such alleles (C*04:15:01, *04:15:02 and*04:15:03), but is included
in the CWD 2.0.0 catalogue because C*04:15:01 and *04:15:02 were identified six times in
total via SBT methods; where these alleles individually did not meet the threshold for
inclusion of five SBT observations, the exon 2 and 3 sequence represented by this P group
did. This is the only P group in the CWD catalogue for which this is the case.

Discussion
We have updated the CWD catalogue using SBT observations of alleles in Australia, East
Asia, Europe, and the Americas. This CWD 2.0.0 catalogue includes 14.3% of the HLA-A, -
B, -C, -DRB1, -DRB3/4/5, -DQA1, -DQB1, -DPA1 and -DPB1 alleles in IMGT/HLA
Database release 3.9.0. More than 95% of the alleles in the CWD 1.0.0 catalogue were
included in the CWD 2.0.0 catalogue, and, though a more conservative set of inclusion
criteria were applied for well-documented alleles than previously, the overall size of the
catalogue has increased by 56%. Of the 6712 alleles excluded from the CWD 2.0.0
catalogue, 337 were observed two, three or four times (data not shown), suggesting that the
number of alleles in the catalogue may increase in the future. We have also categorized G
and P groups, in terms of the aggregate prevalence of their constituent alleles, for the first
time. While 97% of G groups are CWD, only 70% of P groups are. However, these CWD P
groups represent 88% of the alleles in the CWD 2.0.0 catalogue.

Applications of the CWD 2.0.0 Catalogue
The CWD 1.0.0 catalogue was created for use with proficiency testing. Given that the CWD
2.0.0 catalogue distinguishes common alleles from well-documented alleles, and extends
these categories to G and P groups, we envision that the histocompatibility and

Mack et al. Page 6

Tissue Antigens. Author manuscript; available in PMC 2014 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



immunogenetics community will extend the CWD 2.0.0 catalogue to a variety of distinct
research and clinical applications.

In updating this catalogue, we have endeavored to provide a more comprehensive snapshot
of allele prevalence based primarily on SBT methodology, but the catalogue remains a
snapshot, and we assume that future advances in genotyping methods and our understanding
of functionally important HLA polymorphisms will inform the composition of future
catalogues. This CWD 2.0.0 catalogue is likely more useful than the CWD 1.0.0 catalogue
for applications that depend on allele prevalence information – the reduction and resolution
of ambiguity for research and clinical practice, the identification of potential matches for
transplantation, and the general management of allele-data in the face of an ever growing list
of recognized allele sequences.

For example, HLA typing results for a given individual may be consistent with multiple
alternative genotypes for a given HLA locus. In the evaluation of the typing results for a
heterozygous individual, a genotype that includes one CWD allele and one non-CWD allele
should signify the need to review potentially spurious nucleotide base calls, or probe or
primer reactivities.

In research studies of disease association with HLA polymorphism, the CWD 2.0.0
catalogue may be useful for identifying the genotype that is most likely to be present in a
given subject; the identification of such ‘CWD-resolution genotypes’ may allow for more
straight-forward gene frequency calculations in patient and control groups.

When histocompatibility testing for allogeneic hematopoietic stem-cell transplantation
(HSCT) between unrelated individuals, it is essential to define the level of resolution of the
HLA typing performed. The Harmonization of Histocompatibility Typing Terms Working
Group recently defined a high-resolution typing result ‘as a set of alleles that encode the
same protein sequence for the region of the HLA molecule called the antigen binding site
and that exclude alleles that are not expressed as cell-surface proteins’ (83). This definition
coincides with the definition of the P groups of alleles defined by The WHO Nomenclature
Committee for Factors of the HLA System in 2010 (12). P groups encode identical antigen
recognition domains with the aim of fully assessing the match grade between the patient and
the unrelated donor while avoiding any ambiguity at a functional level. Supplementary
Table S3 identifies the P groups that include at least one CWD allele; this catalogue of
CWD P groups should prove particularly useful, as the vast majority of patients seeking an
unrelated donor will present either unambiguous HLA typing results or ambiguous results in
which one allele belongs to a P group.

The CWD 2.0.0 catalogue may be applied by transplant programs, registries of volunteers
HSCT donors and cord blood banks to determine the minimal resolution requirements for
HLA typing tests in the same manner that Cano et al. (1) originally recommended the use of
the CWD 1.0.0 catalogue for evaluating proficiency tests. This original recommendation
was that an acceptable proficiency testing result includes either a single unambiguously
assigned possible genotype, or multiple ambiguous genotypes in which only one genotype
includes two alleles in the CWD 1.0.0 catalogue, whereas the other alternative genotypes do
not include any CWD alleles.

Apropos of this original recommendation, we propose that accreditation organizations such
as ASHI and the European Federation for Immunogenetics collaborate to identify a
catalogue of alleles that are appropriate for use in clinical practice. This can be the CWD
2.0.0 catalogue, or another catalogue developed by these societies for this purpose. Rather
than requiring that a typing result includes all possible ambiguous genotypes associated with
a given pair of ARD-encoding exon sequences, accreditation organizations could restrict
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reports to alleles in the catalogue. For example, the ambiguous genotype combinations that
correspond to the four ARD-encoding exon sequences represented by the A*02:01:01G and
A*03:01:01G G groups includes 555 genotypes when these G groups are expanded to their
constituent alleles. The number of genotype combinations in this case can be considerably
higher when an SSOP or SSP method is employed rather than an SBT method. However, of
these 555 genotypes, only 11 involve both an A*02 and A*03 allele in the CWD 2.0.0
catalogue.

Since the publication of the CWD 1.0.0 catalogue, the clinical HLA typing community has
observed patients and donors with ambiguous HLA types that include one or two CWD
alleles in more than one of the possible genotypes. In some cases, there may not be simple or
feasible methods available to resolve some ambiguous genotypes, and in these cases the
expert evaluation of haplotypic associations may help to determine which genotype is the
most likely. We envision that future versions of the CWD catalogue will include multi-locus
haplotypes that include CWD alleles along with their distribution in the human population.

CWD Catalogue Update Schedule
The CWD catalogue will be updated on a regular basis, with successive updates identified
via a three-field version number (e.g., CWD 1.0.0 catalogue and CWD 2.0.0 catalogue).
Major updates, consisting of changes to the category status of alleles and the addition and
removal of alleles to and from the catalogue based on input from the histocompatibility and
immunogenetics community, will occur in conjunction with the International HLA and
Immunogenetics Workshops (IHIW); these updates will be reflected in the first field of the
version number, and the next such update will take place in 2016, as part of the 17th IHIW.

Minor updates, consisting of changes made to allele names as recorded in the IMGT/HLA
Database, will be made annually; these updates will be reflected in the second field of the
version number, and the next such update will take place at the end of 2013. Because major
category changes will not be made on an annual basis, we anticipate that these minor
updates will pertain to allele names that have been deleted, renamed, or extended to reflect
new polymorphisms (e.g., the extension of an allele name through the addition of an
additional field or an expression variant character), as well as the addition or modification of
accessory information for specific alleles (e.g., identifying alleles specific to particular
populations or regions of the world, or observed in particular haplotypes).

Any errors in the catalogue will be updated as necessary; error-correction updates will be
reflected in the third field of the version number.

Electronic Access and Community Input
The CWD 2.0.0 catalogue is available online at cwd.immunogenomics.org; future updates
will be made available on this site as well. In addition, the CWD catalogue will be integrated
into the AFND (www.allelefrequencies.net), and the IMGT/HLA Database (www.ebi.ac.uk/
ipd/imgt/hla/). The NMDP will replace the biannual rare alleles list with a list of alleles that
have been excluded from the CWD catalogue; this list will be updated on a quarterly basis.
Input from the histocompatibility and immunogenetics community regarding the
composition of the catalogue and suggestions for future updates is welcomed, and can be
submitted via email to cwd@immunogenomics.org.

Looking forward to future updates of the CWD catalogue, it is clear that SBT efforts will
extend into new sequence regions that have not previously been characterized, and that
many new polymorphisms will be detected. This will result in a further acceleration of new
allele discovery, with corresponding increases in ambiguity. As Klitz et al. (82) have noted,
many of these new alleles will be unique, and of little consequence epidemiologically. In
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order to appropriately assess the prevalence of these new variants, certain knowledge of the
number of times that a sequence has been observed will be required. Toward this end, it will
be crucial that SBT confirmations of alleles that have not been included in the CWD
catalogue be transmitted to the IMGT/HLA Database and reported to the community. Multi-
locus haplotypes (e.g., as inferred from family-studies) can provide a chromosomal context
for understanding allele prevalence, and should also be reported in a standard and routine
fashion. There persists within the histocompatibility and immunogenetics community a
certain excitement surrounding the identification and publication of a novel allele sequence,
but in many ways the confirmation of known sequences is more important.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

Acknowledgments
This work was supported by National Institutes of Health (NIH) grant U01AI067068 (JAH and SJM) awarded by
the National Institute of Allergy and Infectious Diseases (NIAID). The content is solely the responsibility of the
authors and does not necessarily represent the official views of the National Institute of Allergy and Infectious
Diseases or the NIH. Australian governments fully fund the Australian Red Cross Blood Service for the provision
of blood products and services to the Australian community. We thank Dawn R. Wagenknecht for her participation
in the CWD working group, Marilyn S. Pollack for sharing her experiences regarding allele prevalence, and Henry
A. Erlich for his thoughtful discussions and careful proofreading of this manuscript.

Abbreviations

AFND Allele Frequencies Net Database

ARD Antigen-Recognition Domain

ASHI American Society for Histocompatibility and Immunogenetics

CWD Common and Well-Documented

HLA Human Leucocyte Antigen

HSCT Hematopoietic Stem Cell Transplantation

IHIW International Histocompatibility Workshops

IMGT IMmunoGeneTics

NMDP National Marrow Donor Program

SBT Sequence Based Typing

SSOP Sequence-Specific Oligonucleotide Probe

SSP Sequence-Specific Primer

References
1. Cano P, Klitz W, Mack SJ, Maiers M, Marsh SGE, Noreen H, Reed EF, Senitzer D, Setterholm M,

Smith A, Fernández-Viña M. Common and Well-Documented HLA alleles: Report of the Ad-Hoc
Committee of the American Society for Histocompatibility and Immunogenetics. Hum Immunol.
2007; 68(5):392–417. [PubMed: 17462507]

2. Duquesnoy RJ, Awadalla Y, Lomago J, Jelinek L, Howe J, Zern D, Hunter B, Martell J, Girnita A,
Zeevi A. Retransplant candidates have donor-specific antibodies that react with structurally defined
HLA-DR,DQ,DP epitopes. Transpl Immunol. 2008; 18(4):352–60. [PubMed: 18158123]

3. Hollenbach JA, Holcomb C, Hurley CK, Mabdouly A, Maiers M, Noble JA, Robinson J, Schmidt
A, Shi L, Turner V, Yao Y, Mack SJ. Report from the Immunogenomic Data Analysis Working

Mack et al. Page 9

Tissue Antigens. Author manuscript; available in PMC 2014 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Group (IDAWG) 16th International Histocompatibility and Immunogenetics Workshop (IHIW)
Project: Immunogenomic Data-Management Methods. Int J Immunogenet. 2013; 40(1):46–53.
[PubMed: 23280068]

4. Huang X, Hepkema B, Nolte I, Kushekhar K, Jongsma T, Veenstra R, Poppema S, Gao Z, Visser L,
Diepstra A, van den Berg A. HLA-A*02:07 is a protective allele for EBV negative and a
susceptibility allele for EBV positive classical Hodgkin lymphoma in China. PLoS One. 2012;
7(2):e31865. [PubMed: 22355400]

5. Voorter CE, Mulkers E, Liebelt P, Sleyster E, van den Berg-Loonen EM. Reanalysis of sequence-
based HLA-A, -B and -Cw typings: how ambiguous is today’s SBT typing tomorrow. Tissue
Antigens. 2007; 70(5):383–9. [PubMed: 17868258]

6. Mack SJ, Tu B, Laaro A, Yang R, Lancaster AK, Cao K, Ng J, Hurley CK. HLA-A, -B, -C, and -
DRB1 allele and haplotype frequencies distinguish Eastern European Americans from the general
European American population. Tissue Antigens. 2009; 73(1):17–32. [PubMed: 19000140]

7. Meyer-Monard S, Passweg J, Troeger C, Eberhard HP, Roosnek E, de Faveri GN, Chalandon Y,
Rovo A, Kindler V, Irion O, Holzgreve W, Gratwohl A, Müller C, Tichelli A, Tiercy JM. Cord
blood banks collect units with different HLA alleles and haplotypes to volunteer donor banks: a
comparative report from Swiss Blood stem cells. Bone Marrow Transplant. 2009; 43(10):771–8.
[PubMed: 19060930]

8. Cano P, Mack SJ, Fernández-Viña M. The CWD allele catalog in China. Hum Immunol. 2012;
73(1):60. [PubMed: 22056614]

9. He J, Li Y, Bao X, Qiu Q, Yuan X, Xu C, Shen J, Hou J. Common and well-documented (CWD)
alleles of human leukocyte antigen-A, -B, -C, -DRB1, and -DQB1 loci for the Chinese Han
population do not quite correlate with the ASHI CWD alleles. Hum Immunol. 2012; 73(1):61–6.
[PubMed: 21712058]

10. Robinson J, Halliwell JA, McWilliam H, Lopez R, Parham P, Marsh SG. The IMGT/HLA
Database. Nucleic Acids Res. 2013; 41:D1222–D1227. [PubMed: 23080122]

11. Yang KL, Chu CC, Marsh SGE, Lin PY. HLA-A*11:53 is shown to be identical to the corrected
A*11:02:01 allele sequence. Int J Immunogenet. 2012; 39(6):524–526. [PubMed: 22536940]

12. Marsh SGE, Albert ED, Bodmer WF, Bontrop RE, Dupont B, Erlich HA, Fernández-Viña M,
Geraghty DE, Holdsworth R, Hurley CK, Lau M, Lee KW, Mach B, Maiers M, Mayr WR, Müller
CR, Parham P, Petersdorf EW, Sasazuki T, Strominger JL, Svejgaard A, Terasaki PI, Tiercy JM,
Trowsdale J. Nomenclature for factors of the HLA system, 2010. Tissue Antigens. 2010; 75(4):
291–455. [PubMed: 20356336]

13. Adams EJ, Martinez-Naves E, Arnett KL, Little AM, Tyan DB, Parham P. HLA-B16 antigens:
sequence of the ST-16 antigen, further definition of two B38 subtypes and evidence for convergent
evolution of B3902. Tissue Antigens. 1995; 45:18. [PubMed: 7725307]

14. Arnaiz-Villena A, Gomez-Casado E, Martinez-Laso J. Population genetic relationships between
Mediterranean populations determined by HLA allele distribution and a historic perspective.
Tissue Antigens. 2002; 60:111. [PubMed: 12392505]

15. Arnaiz-Villena A, Martinez-Laso J, Alonso-Garcia J. The correlation between languages and
genes: the Usko-Mediterranean peoples. Hum Immunol. 2001; 62:1051. [PubMed: 11543906]

16. Baldassarre LA, Steiner NK, Jones P, Tang T, Slack R, Ng J, Hartzman RJ, Hurley CK. Limited
diversity of HLADRB1*02 alleles and DRB1–DRB5 haplotype associations in four United States
population groups. Tissue Antigens. 2003; 61:249. [PubMed: 12694574]

17. Bannai M, Ohashi J, Harihara S, Takahashi Y, Juji T, Omoto K, Tokunaga K. Analysis of HLA
genes and haplotypes in Ainu (from Hokkaido, northern Japan) supports the premise that they
descent from Upper Paleolithic populations of East Asia. Tissue Antigens. 2000; 55:128.
[PubMed: 10746784]

18. Begovich AB, Moonsamy PV, Mack SJ, Barcellos LF, Steiner LL, Grams S, Suraj-Baker V,
Hollenbach J, Trachtenberg E, Louie L, Zimmerman P, Hill AV, Stoneking M, Sasazuki T,
Konenkov VI, Sartakova ML, Titanji VP, Rickards O, Klitz W. Genetic variability and linkage
disequilibrium within the HLA-DP region: analysis of 15 different populations. Tissue Antigens.
2001; 57:424. Erratum in: Tissue Antigens 58: 431. 2001. [PubMed: 11556967]

Mack et al. Page 10

Tissue Antigens. Author manuscript; available in PMC 2014 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



19. Belich MP, Madrigal JA, Hildebrand WH, Zemmour J, Williams RC, Luz R, Petzl-Erler ML,
Parham P. Unusual HLA-B alleles in two tribes of Brazilian Indians. Nature. 1992; 28:357, 326.

20. Bugawan TL, Klitz W, Blair A, Erlich HA. High-resolution HLA class I typing in the CEPH
families: analysis of linkage disequilibrium among HLA loci. Tissue Antigens. 2000; 56:392.
[PubMed: 11144287]

21. Bugawan TL, Mack SJ, Stoneking M, Saha M, Beck HP, Erlich HA. HLA class I allele
distributions in six Pacific/ Asian populations: evidence of selection at the HLA-A locus. Tissue
Antigens. 1999; 53:311. [PubMed: 10323335]

22. Cao K, Hollenbach J, Shi X, Shi W, Chopek M, Fernandez-Vina MA. Analysis of the frequencies
of HLA-A, B, and C alleles and haplotypes in the five major ethnic groups of the United States
reveals high levels of diversity in these loci and contrasting distribution patterns in these
populations. Hum Immunol. 2001; 62:109.

23. Cao K, Moormann AM, Lyke KE, Masaberg C, Sumba OP, Doumbo OK, Koech D, Lancaster A,
Nelson M, Meyer D, Single R, Hartzman RJ, Plowe CV, Kazura J, Mann DL, Sztein MB,
Thomson G, Fernandez-Vina MA. Differentiation between African populations is evidenced by
the diversity of alleles and haplotypes of HLA class I loci. Tissue Antigens. 2004; 63:293.
[PubMed: 15009803]

24. de Pablo R, Garcia-Pacheco JM, Vilches C. HLA class I and class II allele distribution in the Bubi
population from the island of Bioko (Equatorial Guinea). Tissue Antigens. 1997; 50:593.
[PubMed: 9458112]

25. Ellis JM, Hoyer RJ, Costello CN. HLA-B allele frequencies in Cote d’Ivoire defined by direct
DNA sequencing: identification of HLA-B*1405, B*4410, and B*5302. Tissue Antigens. 2001;
57:339. [PubMed: 11380943]

26. Ellis JM, Mack SJ, Leke RF, Quakyi I, Johnson AH, Hurley CK. Diversity is demonstrated in class
I HLA-A and HLA-B alleles in Cameroon, Africa: description of HLA-A*03012, *2612, *3006
and HLA-B*1403, *4016, *4703. Tissue Antigens. 2000; 56:291. [PubMed: 11098929]

27. Fernández-Viña MA, Gao X, Moraes ME, Moraes JR, Salatiel I, Miller S, Tsai J, Sun Y, An J,
Layrisse Z, Gazit E, Brautbar C, Stastny P. Alleles at four HLA Class II loci determined by
oligonucleotide hybridization and their associations in five ethnic groups. Immunogenetics. 1991;
34:299. [PubMed: 1937578]

28. Fernandez-Vina M, Lazaro AM, Sun Y, Miller S, Forero L, Stastny P. Population diversity of B-
locus alleles observed by high-resolution DNA typing. Tissue Antigens. 1995; 45:153. [PubMed:
7761975]

29. Fernandez-Vina MA, Lazaro AM, Marcos CY, Nulf C, Raimondi E, Haas EJ, Stastny P. Dissimilar
evolution of B-locus versus A-locus and class II loci of the HLA region in South American Indian
tribes. Tissue Antigens. 1997; 50:233. [PubMed: 9331946]

30. Fort M, de Stefano GF, Cambon-Thomsen A. HLA class II allele and haplotype frequencies in
Ethiopian Amhara and Oromo populations. Tissue Antigens. 1998; 51:327. [PubMed: 9583804]

31. Gao X, Veale A, Serjeantson SW. HLA class II diversity in Australian aborigines: unusual HLA-
DRB1 alleles. Immunogenetics. 1992; 36:333. [PubMed: 1644450]

32. Gao X, Zimmet P, Serjeantson SW. HLA-DR,DQ sequence polymorphisms in Polynesians,
Micronesians, and Javanese. Hum Immunol. 1992; 34:153. [PubMed: 1429039]

33. Gao X, Bhatia K, Trent RJ, Serjeantson SW. HLADR, DQ nucleotide sequence polymorphisms in
five Melanesian populations. Tissue Antigens. 1992; 40:31. [PubMed: 1440559]

34. Gao X, Serjeantson SW. Twelve HLA-DR6-related DRB1 alleles and associated DR, DQ
haplotypes in traditional Australians and other populations of Asia-Oceania. Eur J Immunogenet.
1992; 19:263. [PubMed: 1420113]

35. Garber TL, Butler LM, Trachtenberg EA, Erlich HA, Rickards O, De Stefano G, Watkins DI.
HLA-B alleles of the Cayapa of Ecuador: new B39 and B15 alleles. Immunogenetics. 1995; 42:19.
Erratum in: Immunogenetics 42:308, 1995. [PubMed: 7797264]

36. Gomez-Casado E, del Moral P, Martinez-Laso J. HLA genes in Arabic-speaking Moroccans: close
relatedness to Berbers and Iberians. Tissue Antigens. 2002; 55:239. [PubMed: 10777099]

37. Hammond, MG.; du Toit, ED.; Sanchez-Mazas, A. HLA in sub-Saharan Africa: 12th International
Histocompatibility Workshop SSAF report. In: Charron, D., editor. HLA Genetic Diversity of

Mack et al. Page 11

Tissue Antigens. Author manuscript; available in PMC 2014 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



HLA Functional and Medical Implication. Vol I, Chapter IV: Anthropology Contribution of HLA.
EDK Medical and Scientific International Publisher; Paris, France: 1997.

38. Hollenbach JA, Thomson G, Cao K, Fernandez-Vina M, Erlich HA, Bugawan TL, Winkler C,
Winter M, Klitz W. HLA diversity, differentiation, and haplotype evolution in Mesoamerican
Natives. Hum Immunol. 2001; 62:378. [PubMed: 11295471]

39. Hors, J.; El Chenawi, F.; Djoulah, S., et al. HLA in North African populations: 12th International
Histocompatibility Workshop NAFR report. In: Charron, D., editor. HLA Genetic Diversity of
HLA Functional and Medical Implication. Vol I, Chapter IV: Anthropology: Contribution of HLA.
EDK Medical and Scientific International Publisher; Paris, France: 1997.

40. Imanishi, T.; Akaza, T.; Kimura, A.; Tokunaga, K.; Gojobori, T. Reference tables. In: Tsuji, K.;
Aizawa, M.; Sasazuki, T., editors. HLA 1991 Proceedings of the Eleventh International
Histocompatibility Workshop and Conference. Vol. I. Oxford: Oxford University Press; 1991.

41. Izaabel H, Garchon HJ, Caillat-Zucman S. HLA class II DNA polymorphism in a Moroccan
population from the Souss, Agadir area. Tissue Antigens. 1998; 51:106. [PubMed: 9459511]

42. Kempenich JH, Setterholm M, Maiers M. Haplotype associations of 90 rare alleles from the
National Marrow Donor Program. Tissue Antigens. 2006; 67:284. [PubMed: 16634864]

43. Klitz W, Maiers M, Spellman S, Baxter-Lowe LA, Schmeckpeper B, Williams TM, Fernandez-
Vina M. New HLA haplotype frequency reference standards: high-resolution and large sample
typing of HLA DR-DQ haplotypes in a sample of European Americans. Tissue Antigens. 2003;
62:296. [PubMed: 12974796]

44. Krausa P, McAdam S, Bunce M. HLA-A, -B, -C, -DRB1, DRB3, DRB4, DRB5 and DQB1
polymorphism detected by PCR-SSP in a semi-urban HIV-positive Ugandan population. Exp Clin
Immunogenet. 1999; 16:17. [PubMed: 10087401]

45. Layrisse Z, Guedez Y, Dominguez E, Paz N, Montagnani S, Matos M, Herrera F, Ogando V,
Balbas O, Rodriguez-Larralde A. Extended HLA haplotypes in a Carib Amerindian population:
the Yucpa of the Perija Range. Hum Immunol. 2001; 62:992. [PubMed: 11543901]

46. Lazaro AM, Moraes ME, Marcos CY, Moraes JR, Fernandez-Vina MA, Stastny P. Evolution of
HLA-class I compared to HLA-class II polymorphism in Terena, a South- American Indian tribe.
Hum Immunol. 1999; 60:1138. [PubMed: 10600013]

47. Leffell MS, Fallin MD, Erlich HA, Fernandez-Vijna M, Hildebrand WH, Mack SJ, Zachary AA.
HLA antigens, alleles and haplotypes among the Yup’ik Alaska natives: report of the ASHI
Minority Workshops, part II. Hum Immunol. 2002; 63:614. [PubMed: 12072196]

48. Leffell MS, Fallin MD, Hildebrand WH, Cavett JW, Iglehart BA, Zachary AA. HLA alleles and
haplotypes among the Lakota Sioux: report of the ASHI minority workshops, part III. Hum
Immunol. 2004; 65:78. [PubMed: 14700599]

49. Little AM, Scott I, Pesoa S, Marsh SGE, Arguello R, Cox ST, Ramon D, Vullo C, Madrigal JA.
HLA class I diversity in Kolla Amerindians. Hum Immunol. 2001; 62:170–179. [PubMed:
11182228]

50. Luo M, Embree J, Ramdahin S, Ndinya-Achola J, Njenga S, Bwayo JB, Pan S, Mao X, Cheang M,
Stuart T, Brunham RC, Plummer FA. HLA-A and HLA-B in Kenya, Africa: allele frequencies and
identification of HLA-B*1567 and HLA-B*4426. Tissue Antigens. 2002; 259:370–380. [PubMed:
12144620]

51. Maiers M, Gragert L, Klitz W. High resolution HLA alleles and haplotypes in the US population.
Human Immunology. 2007; 68:779–788. Erratum in: Hum Immunol 2008, 69(2), 141. [PubMed:
17869653]

52. Magor KE, Taylor EJ, Shen SY, Martinez-Naves E, Valiante NM, Wells RS, Gumperz JE, Adams
EJ, Little AM, Williams F, Middleton D, Gao X, McCluskey J, Parham P, Lienert-Weidenbach K.
Natural inactivation of a common HLA allele (A*2402) has occurred on at least three separate
occasions. J Immunol. 1997; 158:5242. [PubMed: 9164942]

53. Main P, Attenborough R, Chelvanayagam G, Bhatia K, Gao X. The peopling of New Guinea:
evidence from class I human leukocyte antigen. Hum Biol. 2001; 73:365. Erratum in: Hum Biol
73:782, 2001. [PubMed: 11459419]

Mack et al. Page 12

Tissue Antigens. Author manuscript; available in PMC 2014 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



54. Martinez-Arends A, Layrisse Z, Arguello R, Herrera F, Montagnani S, Matos M, Ross J, Dunn P,
Marsh SGE, Madrigal JA. Characterization of the HLA class I genotypes of a Venezuelan
Amerindian group by molecular methods. Tissue Antigens. 1998; 52:51. [PubMed: 9714474]

55. Meyer, D.; Single, RM.; Mack, SJ.; Lancaster, A.; Nelson, MP.; Erlich, HA.; Fernandez-Vina, M.;
Thomson, G. Single locus polymorphism of classical HLA genes. In: Hansen, JA., editor.
Immunobiology of the Human MHC: Proceedings of the 13th International Histocompatibility
Workshop and Conference; 13th International Histocompatibility Workshop Anthropology/Human
Genetic Diversity Joint Report; Seattle, WA: IHWG Press; 2007. p. 653-704.

56. Middleton D, Williams F, Hamill MA, Meenagh A. Frequency of HLA-B alleles in a Caucasoid
population determined by a two-stage PCR-SSOP typing strategy. Hum Immunol. 2000; 61:1285.
[PubMed: 11163085]

57. Middleton D, Williams F, Meenagh A, Daar AS, Gorodezky C, Hammond M, Nascimento E,
Briceno I, Perez MP. Analysis of the distribution of HLA-A alleles in populations from five
continents. Hum Immunol. 2000; 61:1048. [PubMed: 11082518]

58. Migot-Nabias F, Fajardy I, Danze PM. HLA class II polymorphism in a Gabonese Banzabi
population. Tissue Antigens. 1999; 53:580. [PubMed: 10395110]

59. Modiano D, Luoni G, Petrarca V. HLA class I in three West African ethnic groups: genetic
distances from sub- Saharan and Caucasoid populations. Tissue Antigens. 2001; 57:128. [PubMed:
11260507]

60. Nascimento E, Middleton D. Analysis of the distribution of HLA-B alleles in populations from five
continents. Hum Immunol. 2001; 62:645. [PubMed: 11390040]

61. Novitsky V, Flores-Villanueva PO, Chigwedere P. Identification of most frequent HLA class I
antigen specificities in Botswana: relevance for HIV vaccine design. Hum Immunol. 2001; 62:146.
[PubMed: 11182225]

62. Pinto C, Smith AG, Larsen CE, Fernandez-Vina M, Husain Z, Clavijo OP, Wang ZC, Nisperos B,
Hansen JA, Alper CA, Yunis EJ. HLA-Cw*0409N is associated with HLA-A*2301 and HLA-
B*4403-carrying haplotypes. Hum Immunol. 2004; 65:181. [PubMed: 14969773]

63. Ogando V, Balbas O, Rodriguez-Larralde A. Extended HLA haplotypes in a Carib Amerindian
population: the Yucpa of the Perija Range. Hum Immunol. 2001; 62:992. [PubMed: 11543901]

64. Oumhani K, Canossi A, Piancatelli D. Sequence-based analysis of the HLA-DRB1 polymorphism
in Metalsa Berber and Chaouya Arabic-speaking groups from Morocco. Hum Immunol. 2001;
63:129. 2002. Erratum in: Hum Immunol 63, 626. [PubMed: 11821160]

65. Pimtanothai N, Hurley CK, Leke R, Klitz W, Johnson AH. HLA-DR and -DQ polymorphism in
Cameroon. Tissue Antigens. 2001; 58:1. [PubMed: 11580849]

66. Renquin J, Sanchez-Masas A, Halle L. HLA class II polymorphism in Aka Pygmies and Bantu
Congolese and a reassessment of HLA-DRB1 African diversity. Tissue Antigens. 2001; 58:211.
[PubMed: 11782272]

67. Saito S, Ota S, Yamada E, Inoko H, Ota M. Allele frequencies and haplotypic associations defined
by allelic DNA typing at HLA class I and class II loci in the Japanese population. Tissue Antigens.
2000; 56:522. [PubMed: 11169242]

68. Salamon H, Klitz W, Easteal S, Gao X, Erlich HA, Fernandez-Vina M, Trachtenberg EA,
McWeeney SK, Nelson MP, Thomson G. Evolution of HLA class II molecules: allelic and amino
acid site variability across populations. Genetics. 1999; 152:393. [PubMed: 10224269]

69. Sanchez-Mazas A, Steiner QG, Grundschober C, Tiercy JM. The molecular determination of HLA-
Cw alleles in the Mandenka (West Africa) reveals a close genetic relationship between Africans
and Europeans. Tissue Antigens. 2000; 56:303. [PubMed: 11098930]

70. Sanchez-Mazas A. African diversity from the HLA point of view: influence of genetic drift,
geography, linguistics, and natural selection. Hum Immunol. 2001; 62:937. [PubMed: 11543896]

71. Schnittger L, May J, Loeliger CC. HLA DRB1-DQA1-DQB1 haplotype diversity in two African
populations. Tissue Antigens. 1997; 50:546. [PubMed: 9389330]

72. Tang J, Naik E, Costello C, Karita E, Rivers C, Allen S, Kaslow RA. Characteristics of HLA class
I and class II polypolymorphisms in Rwandan women. Exp Clin Immunogenet. 2000; 17:185.
[PubMed: 11096257]

Mack et al. Page 13

Tissue Antigens. Author manuscript; available in PMC 2014 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



73. Tokunaga K, Ishikawa Y, Ogawa A. Sequence-based association analysis of HLA class I and II
alleles in Japanese support conservation of common haplotypes. Immunogenetics. 1997; 46:199.
[PubMed: 9211745]

74. Trachtenberg EA, Erlich HA, Rickards O, DeStefano GF, Klitz W. HLA class II linkage
disequilibrium and haplotype evolution in the Cayapa Indians of Ecuador. Am J Hum Genet. 1995;
57:415. [PubMed: 7668268]

75. Trachtenberg EA, Keyeux G, Bernal JE, Rhodas MC, Erlich HA. Results of Expedicion Humana.
I. Analysis of HLA class II (DRB1-DQA1-DPB1) alleles and DR-DQ haplotypes in nine
Amerindian populations from Colombia. Tissue Antigens. 1996; 48:174. [PubMed: 8896175]

76. Trachtenberg EA, Keyeux G, Bernal J, Noble JA, Erlich HA. Results of Expedicion Humana. II.
Analysis of HLA class II alleles in three African American populations from Colombia using the
PCR/SSOP: identification of a novel DQB1*02 (*0203) allele. Tissue Antigens. 1996; 48:192.
[PubMed: 8896178]

77. Turner S, Ellexson ME, Hickman HD, Sidebottom DA, Fernandez-Vina M, Confer DL,
Hildebrand WH. Sequence- based typing provides a new look at HLA-C diversity. J Immunol.
1998; 161:1406. [PubMed: 9686604]

78. Williams F, Meenagh A, Darke C, Acosta A, Daar AS, Gorodezky C, Hammond M, Nascimento
E, Middleton D. Analysis of the distribution of HLA-B alleles in populations from five continents.
Hum Immunol. 2001; 62:645. [PubMed: 11390040]

79. Williams F, Meenagh A, Maxwell AP, Middleton D. Allele resolution of HLA-A using
oligonucleotide probes in a two-stage typing strategy. Tissue Antigens. 1999; 54:59. [PubMed:
10458324]

80. Gonzalez-Galarza FF, Christmas S, Middleton D, Jones AR. Allele frequency net: a database and
online repository for immune gene frequencies in worldwide populations. Nucleic Acid Research.
2011; 39:D913–D919.

81. Horn PA, Albis-Camps M, Verboom M, Bunce M, Yousaf K, Williams S, Blasczyk R. The nature
of diversity of HLA-DRB1 exon 3. Tissue Antigens. 2007; 70(4):335–7. [PubMed: 17767557]

82. Klitz W, Hedrick P, Louis EJ. New reservoirs of HLA alleles: pools of rare variants enhance
immune defense. Trends Genet. 2012; 28(10):480–6. [PubMed: 22867968]

83. Nunes E, Heslop H, Fernandez-Vina M, Taves C, Wagenknecht DR, Eisenbrey AB, Fischer G,
Poulton K, Wacker K, Hurley CK, Noreen H, Sacchi N. Definitions of histocompatibility typing
terms. Blood. 2011; 118(23):e180–3. [PubMed: 22001389]

Mack et al. Page 14

Tissue Antigens. Author manuscript; available in PMC 2014 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Mack et al. Page 15

Table 1

Sequence-Based Typing Observations Provided by the Working Group

Source Nation Number of Reported
Alleles

Number of SBT
Observations

Number of Unique SBT
Observations

Number of Alleles in the
Updated CWD Catalogue

Australia 116 179 75 63

Brazil 14 41 0 13

China 238 21444 69 210

France 15 26 13 10

Netherlands 78 226 47 33

United Statesa 1431 118045 449b 893

a
Data from the United States of America were provided by five laboratories.

b
Each of these alleles was observed in only one of the five participating laboratories from the United States of America.
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Table 3

HLA Alleles Removed From the CWD Catalogue

Locus IMGT/HLA Accession Number IMGT/HLA 3.9.0 Allele Name

A HLA01038 A*23:02

HLA00969 A*24:21:01

HLA01268 A*24:28

HLA00077 A*26:05

HLA00087 A*29:03

HLA00120 A*68:04

HLA00128 A*74:02:01:01

B HLA01763 B*07:02:04

HLA01725 B*07:32

HLA01230 B*08:12:01

HLA01486 B*13:09

HLA01912 B*15:86

HLA00291 B*40:01:01

HLA01452 B*41:06

HLA02098 B*44:41:01

HLA01953 B*47:05

HLA02201 B*58:11

Ca HLA00408 C*02:03

HLA01472 C*02:05

HLA01831 C*04:04:02

DRB1 HLA00703 DRB1*04:17:01

HLA00753 DRB1*11:01:03

HLA00781 DRB1*11:27:01

DRB3 HLA01191 DRB3*01:01:02:02

HLA00900 DRB3*02:07

HLA01095 DRB3*02:09

HLA01560 DRB3*02:16

HLA00904 DRB3*03:03

DQB1 HLA00657 DQB1*06:11:02

HLA01460 DQB1*06:19

DPB1 HLA00544 DPB1*26:01:01

HLA00569 DPB1*50:01

HLA01947 DPB1*102:01

A: The Cw*0502 allele was included in the CWD 1.0.0 catalogue, but was determined to be identical to the Cw*0509 allele (now C*05:09) as part
of IMGT/HLA Database release 2.19.0.
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