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We present a catalog of common and well-documented (CWD) alleles of the Ger-
man population for the six HLA loci A, B, C, DRB1, DQB1, and DPB1. This
study is based on a sample of over 5 million volunteer adult hematopoietic stem
cell donors from the 26 German donor centers. To establish the catalog, allele and
haplotype frequencies were estimated with a validated implementation of the
expectation-maximization algorithm. CWD criteria similar to existing CWD cata-
logs were applied in order to be able to put our findings into the context of relevant
existing references. Overall, 2155 HLA-A, -B, -C, -DRB1, -DQB1, and -DPB1
alleles were identified as CWD in the German donor population representing about
20% of the HLA alleles at two-field resolution in the IPD-IMGT/HLA Database
release v3.25.0 from July 2016 for these six loci. We found a substantial concor-
dance of CWD alleles between the three catalogs and showed the contribution of
the German donor population to the CWD alleles domain. In conclusion, the defini-
tion of CWD criteria that allow interoperability, scalability, and flexibility will be
crucial for the development of a worldwide CWD catalog.
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1 | INTRODUCTION

Many genes of the human major histocompatibility complex
are well studied and show a high degree of polymorphism. It
is also known that the distribution of the HLA alleles within
and between populations is not equal. Therefore, the exact
knowledge of a population's HLA composition is of great
interest for a wide range of applications and is a long-
standing subject of research. One of the main driving forces
behind this research is to understand and to minimize the
transplant barrier between genetically different individuals.1–8

The growing number of alleles and the subsequent prob-
lems in excluding ambiguous allele combinations motivated
the American Society for Histocompatibility and Immunoge-
netics (ASHI) in 2007 to analyze the genetic HLA diversity

of various populations. The aim was to establish criteria for
alleles that need to be resolved when reporting results for
external proficiency testing.9 The resulting catalog of com-
mon and well-documented (CWD) alleles soon became an
important tool even for applications outside its initial scope.
This fact, together with scientific and technological progress,
led to an updated and expanded version 2.0.0 of the CWD
catalog in 2012,10 henceforth named ASHI CWD. Other
groups applied the concept for individual populations,11–13

and only recently the European Federation for Immunoge-
netics (EFI) published a CWD catalog for Europe,14 desig-
nated as EFI CWD hereafter.

For this study, we examined a sample of over 5 million
individuals from the German population for the six loci
HLA-A, -B, -C, -DRB1, -DQB1, and -DPB1. The six HLA
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loci investigated are considered to be the most relevant for
the selection of an unrelated hematopoietic cell donor for
transplantation.15 We resort to the first two fields of the
HLA allele nomenclature because this level of resolution is
regarded as sufficiently detailed for the assessment of the
histocompatibility between a patient and a potential donor16

and most widely used in the documentation of HLA geno-
types of volunteer donors.

At the end of 2015, about 57% of the total German popu-
lation of 82 million were between 18 und 60 years old that
is, generally eligible as hematopoietic stem cell (HSC)
donors.17 Of the approximately 9 million foreigners (persons
who do not have German citizenship), 73% are in this age
group,18 and about one-fifth of the German population has a
migrant background (persons who themselves or one parent
were not born of German nationality). The immigration is
mainly from Turkey and other European countries.19 All
these population subgroups are represented in the German
donor file,20 and regional differences in Germany have been
previously described.21 These specific characteristics justify
a detailed analysis of CWD alleles targeted in our particular
setting.

We investigated the prevalence of alleles for the 6 HLA
loci currently regarded as primarily relevant for the success
of an unrelated hematopoetic stem cell transplantation
(HSCT). The aim of this study was to elaborate to which
extent the large German donor pool contributes to the
knowledge about the CWD alleles worldwide. We have
applied criteria similar to the ASHI and EFI CWD catalogs
in order to be able to compare our findings with relevant
existing references. In that process, we also assessed the
prevalence of exon-defined null alleles in the German
population.

2 | MATERIAL AND METHODS

Our sample is composed of volunteer adult HSC donors
from the 26 German donor centers. The HLA typing meth-
odology of the donor sample is not individually documented
but is a mixture of SSO, SSP, sequence-based typing, and
next-generation sequencing methodologies as they were
used over time. This heterogeneity with regard to typing
techniques, typing resolution, and loci typed is typical for a

long existing registry. In order to cope with this situation
and to avoid a major selection bias, we did not exclude most
donors with limited HLA typing which would be necessary
to apply a pure counting approach. Instead, we used a vali-
dated implementation of the expectation-maximization algo-
rithm for allele and haplotype frequency estimation (HFE)
capable of dealing with ambiguous allele assignments and
missing data.22 This approach not only allows for inclusion
of many more donors but inherently provides the haplotypi-
cal context for the alleles. Therefore, we could use the
5 104 477 individuals from the German donor pool as of
September 30, 2016 with molecular typings for at least the
three loci HLA-A, -B, and -DRB1 for the HFE of the
HLA-A~B~C and the HLA-DRB1~DQB1~DPB1 3-locus
haplotypes. For this work, all allele frequencies (AFs) are
calculated as the marginal frequencies of the estimated
3-locus haplotype frequencies (HFs) mentioned above.

The HF and AF obtained were further analyzed with
Perl, R, and Excel.

About three quarters of the donors in this study came
from one donor center (DKMS). The fourth quarter was
added from the other donor centers, of which the majority is
organized as “Stiftung Knochenmarkspende Deutschland”
(SKD). This part of the donor data is summarized as SKD
hereafter. Because DKMS also contributed data to the EFI
CWD, there is some overlap with this study, which has been
assessed for the six HLA loci under consideration in
Table 1. The potential overlap with the EFI study is under
26% for HLA class I loci, however, up to 75% for HLA class
II loci.

The AF and HF, their analysis, and the comparison with
the ASHI and EFI CWD catalogs are based on the first two
fields of HLA allele names in the IMGT/HLA database
release 3.25.0 (2016-07). If necessary, allele designations
were collapsed to two fields. At that level, we were able to
additionally provide information about alleles that are cate-
gorized in P-groups, that is, alleles that have an identical
protein structure in the antigen recognition domain (ARD)
excluding null alleles (see Appendices S1 and S2).

Current HFE methods assume that the study population
is in Hardy-Weinberg equilibrium (HWE). As a test for devi-
ation from HWE is always significant because of the sample
size analyzed in this study, the amount of deviation from
HWE was assessed by the effect size statistic Wn according

TABLE 1 DE CWD study population characteristics and potential overlap (p.o.) with the EFI CWD

Number of donors

HLA-A HLA-B HLA-C HLA-DRB1 HLA-DQB1 HLA-DPB1

DE 5 104 477 5 104 477 4 257 003 5 104 477 3 664 597 2 495 957

DKMS 76% 76% 84% 76% 85% 91%

EFI 639 416 1 371 921 798 159 3 966 984 2 700 141 1 708 550

DKMS 89% 95% 91% 97% 99% 99%

p.o. 11% 26% 17% 75% 73% 68%

Abbreviations: CWD, common and well-documented; DE CWD, CWD catalog of the German population; EFI, European Federation for Immunogenetics.
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to23,24 and the comparison of observed and expected homo-
zygosity rates. Both calculations were performed on the
allele groups (first field) for the six individual loci, because
of the mixed resolution in the data set.

Our first reference data set, the CWD 2.0.0 catalog (here-
after called ASHI CWD), is based on 139 961 SBT observa-
tions from several populations and the IMGT/HLA database
release 3.9.0 (2012-07). The ASHI CWD catalog uses the
following allele categorizations:

A1. Common alleles (C) are observed at frequencies
greater than 1 in 1000 in several populations of at least 1500
individuals.

A2. Well-documented (WD) alleles are observed either
at least

a. five times in unrelated individuals or
b. three times in a specific haplotype in unrelated

individuals.

Our second reference data set, the EFI CWD catalog, is
based on between 639 416 (HLA-A) and 3 966 984 (HLA-
DRB1) individuals of European origin. The EFI CWD cata-
log uses the following allele categorizations:

E1. Common alleles (C) are observed more than three
times in at least three different populations.

E2. WD alleles are observed at least five times in the
total set of populations.

For the CWD catalog of the German population
(DE CWD hereafter), we have established the following
allele categorizations:

D1. Common alleles are observed at frequencies greater
than 1 in 1000, that is, more than about 10 000 times in the
sample.

D2. We distinguish four groups of WD alleles
comprising

a. those observed with a frequency of at least 1 in 100 000
(WD1), that is, about 100 times in the sample;

b. those observed at least five times (WD3), that is, about
1 per 2 000 000 in the sample;

c. those observed three times in a specific haplotype
(WD4), that is, about 1 in 3 400 000 in the sample;

d. alleles which satisfy conditions b) and c) are categorized
as WD2.

The definition for common is identical for ASHI CWD
(A1) and DE CWD (D1), and the original definition of WD
(A2) is divided into four subcategories for DE CWD
(D2a-D2d) to allow for a more differentiated view on the
properties of this large group of alleles. We will present the
rationale for our refined approach in the discussion.

3 | RESULTS

We identified 2155 HLA-A, -B, -C, -DRB1, -DQB1, and
-DPB1 two-field alleles as CWD in the German donor popu-
lation representing approximately 20% of the HLA alleles at
two-field resolution in the IPD-IMGT/HLA Database release
v3.25.0 for these loci. HLA-DPB1 is an outlier with a partic-
ularly high proportion of about 34%. Table 2 summarizes
the number of CWD alleles in Germany (column C) and
their proportions with regard to all alleles observed in the
German donor pool (column O) and the total number of
alleles described in the official nomenclature (column A).

The characteristics of the DE CWD catalog are shown in
Tables 3 and 4. Only between 18 (HLA-DQB1) and
40 (HLA-B) alleles were found to be common for the six
HLA loci investigated but they comprise between 98.3%
(HLA-B) and 99.9% (HLA-DQB1) of the cumulated AFs.
This leads to the observation, that only between 1 (HLA-
DQB1) and 284 (HLA-B) of a million individuals carries no
common allele at a specific locus. Adding the WD alleles,
the cumulated frequency is above 99.99% for all loci,
thereby placing the number of individuals with no DE CWD
allele at a specific locus at below 1 per million.

Of the four WD categories, only WD1 (greater than 1 in
100 000) has a substantial frequency contribution (ie,
>0.1%). The categories WD2-WD4 contribute the majority
of alleles but less than one per thousand of the cumulated
frequencies (see Table 4). The relationship among allele

TABLE 2 Number and proportion of common and well-documented alleles in Germany (DE CWD)

Locus

Number of two-field
alleles in IMGT/
HLA 3.25.0

Number of two-field
alleles estimated
from DE sample

Number of
two-field
DE CWD

Percentage of
described two-field
alleles that are
DE CWD

Percentage of described
two-field alleles that have a
positive frequency in DE

Percentage of two-field
alleles in DE that are
DE CWD

A O C C/A(%) O/A(%) C/O(%)

A 2629 934 437 16.6 35.5 46.8

B 3354 1215 618 18.4 36.2 50.9

C 2310 853 417 18.1 36.9 48.9

DRB1 1452 619 345 23.8 42.6 55.7

DQB1 672 243 142 21.1 36.2 58.4

DPB1 570 262 196 34.4 46.0 74.8

Total 10 987 4126 2155 19.6 37.6 52.2

Abbreviations: CWD, common and well-documented; DE CWD, CWD catalog of the German population.
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numbers, AFs, and cumulated frequencies is illustrated in
Figure 1 for the HLA class I and class II loci.

Table 5 gives a comparison of the three catalogs' CWD
numbers. The numbers for common alleles in any catalog
are in bold face, and the numbers of alleles for which all
three catalogs are in concordance are in red. Table 5 pro-
vides the same information but compares the SKD part of
our sample with ASHI and EFI CWD.

The complete two-field allele DE CWD catalogs including
the null alleles and the P-group catalog are provided in the sup-
porting information (Appendix S1 and S2). An example is
given in Table 6, which shows the classification of the allele
for DE, ASHI, and EFI CWD, the AF, the most frequent
3-locus haplotype with the accompanying HF and the ratio of
HF/AF as linkage indicator, all the latter for DE CWD only.
Remarkably, in this example, only one of the 14 German CWD
DRB1*07 alleles has been identified in the EFI study too.

Observed alleles that did not qualify for the ASHI and
EFI CWD catalogs were not published and are therefore not
available for analysis here.

The frequency of null alleles defined by exon variations
was also analyzed. Approximately, 10% to 15% of all null
alleles described for HLA-A, -B, -C, -DRB1, -DQB1, and
-DPB1 were actually found to be CWD in the German sam-
ple (20 of 158 for HLA-A, 13 of 137 for HLA-B, 10 of
115 for HLA-C, 5 of 46 for HLA-DRB1, 3 of 25 for HLA-
DQB1, and 3 of 18 for HLA-DPB1). Evidently, HLA-
C*04:09N is the most frequent null allele with an AF of over
1 in 10 000. In Germany, it accounts for almost two-thirds
of the occurrences of the 10 null alleles defined by variations

TABLE 3 Number (#) and cumulated frequencies of CWD alleles in CWD catalog of the German population

Locus

Common Well documented CWD

#Individual with no common allele per million# Cum. AF(%) # Cum. AF(%) # Cum. AF(%)

A 26 99.152 411 0.839 437 99.991 72

B 40 98.316 578 1.673 618 99.990 284

C 21 99.309 396 0.682 417 99.992 48

DRB1 33 99.362 312 0.633 345 99.996 41

DQB1 18 99.906 124 0.092 142 99.998 1

DPB1 22 99.521 174 0.477 196 99.998 23

Total 160 1995 2155

Abbreviations: AF, allele frequency; CWD, common and well documented.

TABLE 4 Number (#) and cumulated frequencies for the different well-documented alleles categories in CWD catalog of the German population

Locus #

WD1 WD2 WD3 WD4
Cum. AF(%) # Cum. AF(%) # Cum. AF(%) # Cum. AF(%)

A 66 0.762 254 0.071 50 0.005 41 0.002

B 108 1.580 364 0.088 39 0.003 67 0.003

C 64 0.622 245 0.056 27 0.002 60 0.003

DRB1 66 0.585 182 0.045 23 0.001 41 0.001

DQB1 16 0.070 90 0.021 12 0.001 6 0.000

DPB1 50 0.441 106 0.035 10 0.001 8 0.000

Total 370 1241 161 223

Abbreviations: AF, allele frequency; CWD, common and well documented.
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FIGURE 1 Individual and cumulated allele frequencies of common and
well-documented catalog of the German population. HLA class I alleles on
top, HLA class II alleles at the bottom. The color coded x-axis ticks
designate the number of alleles for each locus needed for a cumulated
frequency of 0.99
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outside the ARD defining region (Appendix S1). Together
the 10 non-ARD defined null alleles account for more than
half of the occurrences of the 54 HLA-A, -B, -C, -DRB1,

-DQB1, and -DPB1 null alleles found as CWD in Germany.
The frequency distribution and the categories of the 54 DE
CWD null alleles are shown in Figure 2.

The effect size statistic Wn was close to zero for all six
loci (between 0.006 and 0.02, see column Wn in Table 7),
which does not indicate a relevant deviation from HWE and
is in accordance with findings from previous studies.25,26

The deviation observed is consistently small and toward
homozygosity for all six loci (see Table 7 columns HoObs
and HoExp), which does not affect the accuracy of the
HFE.27 Both subsamples of our population (DKMS and
SKD) cover all geographic regions and are therefore repre-
sentative for the general donor population in Germany.

4 | DISCUSSION

As shown in the introduction, our sample comprises almost
11% of the population theoretically available as HSC donors
and about 6% of the total population in Germany. Although
this sample may not exactly reflect the age and ethnic struc-
ture of the total population, it is sufficiently large to be
regarded as representative for the German population as a
whole. More than one-third of all two-field HLA-A, -B, -C,
-DRB1, -DQB1, and -DPB1 alleles described in the IMGT/
HLA database release 3.25.0 are found in our sample and
slightly more than half of these are actually CWD (Table 2).
Almost all individuals in the sample carry at least one CWD
allele on every investigated HLA locus.

An important design decision of our study was the
choice of criteria for “common” and “well-defined.” Actu-
ally, the criteria of our reference studies were so divergent
that the common name “CWD” for their outcome is slightly
misleading. ASHI used an absolute frequency (1:1000) with

TABLE 6 HLA-DRB1*07 example for DE CWD table

Allele DE CWD

American Society for
Histocompatibility and
Immunogenetics CWD

European Federation
for Immunogenetics
CWD AF

Most frequent DRB1
~DQB1~DPB1 haplotype HF HF/AF(%)

DRB1*07:01 C C C 1.21E-01 07:01~02:02~04:01 2.54E-02 21

DRB1*07:03 WD2 WD - 2.26E-06 07:03~02:02~04:02 1.55E-06 68

DRB1*07:04 WD4 - - 4.17E-07 07:04~02:04~02:01 4.17E-07 100

DRB1*07:05 WD1 WD - 1.26E-05 07:05~02:02~11:01 1.10E-05 87

DRB1*07:07 WD1 WD - 2.23E-05 07:07~03:03~04:01 1.82E-05 81

DRB1*07:10 N WD1 - - 1.05E-05 07:10 N~02:02~04:02 8.87E-06 85

DRB1*07:11 WD2 WD - 2.17E-06 07:11~02:02~02:01 1.03E-06 48

DRB1*07:14 WD2 - - 8.10E-07 07:14~03:03~04:01 7.12E-07 88

DRB1*07:21 WD4 - - 3.06E-07 07:21~03:03~09:01 3.06E-07 100

DRB1*07:23 WD2 - - 6.07E-07 07:23~02:02~02:01 5.17E-07 85

DRB1*07:26N WD4 - - 4.05E-07 07:26 N~02:02~04:01 4.01E-07 99

DRB1*07:29 WD2 - - 6.07E-07 07:29~02:02~04:02 4.86E-07 80

DRB1*07:32 WD2 - - 5.06E-07 07:32~02:02~11:01 5.06E-07 100

DRB1*07:34 WD2 - - 9.09E-06 07:34~02:02~11:01 8.54E-06 94

Abbreviations: AF, allele frequency; CWD, common and well documented; DE CWD, CWD catalog of the German population; HF, haplotype frequency; WD, well
documented.

TABLE 5 (A) Comparison of the three catalogs' CWD numbers.
(B) Comparison of the SKD part of our sample with the ASHI and EFI
catalogs' CWD numbers

ASHI CWD EFI CWD C WD Not CWD

(A) CWD catalog of the German population

C C 153 52 0

WD 5 89 0

Not CWD 0 60 4

WD C 0 12 0

WD 0 207 2

Not CWD 1 244 185

Not CWD C 1 7 0

WD 0 494 6

Not CWD 0 830 n.a.

160 1995 197

(B) SKD CWD

C C 152 53 0

WD 5 86 3

Not CWD 1 52 11

WD C 0 12 0

WD 0 170 39

Not CWD 1 182 247

Not CWD C 0 8 0

WD 0 231 269

Not CWD 0 317 n.a.

159 1111 569

Abbreviations: ASHI, American Society for Histocompatibility and Immunoge-
netics; CWD, common and well documented; EFI, European Federation for
Immunogenetics; SKD, Stiftung Knochenmarkspende Deutschland; WD, well
documented.
The numbers for common alleles in any catalog are bold, and the numbers of
alleles for which all three catalogs are in concordance are red.
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a quorum sample size of 1500 for common, whereas EFI
required three occurrences in each of three different popu-
lations. The latter criteria make the result of the study quite
dependent on the sample sizes and on the notion used to
delineate populations among the 196 individual samples of
the study. The EFI CWD catalog removed the relative fre-
quency part probably because over 80% of the population
samples considered were under the quorum of 1500 indi-
viduals. However, given our sample size, there was no
need to abandon this criterion and, in particular, our deci-
sion was not motivated by the lack of complete and reliable
data on ethnic or geographic background of the individuals
tested.

In contrast to the ASHI CWD definition of “common,”
both previous catalogs only used an occurrence count crite-
rion for “well-defined” alleles, which makes comparing clas-
sifications based on different sample sizes difficult. This
made us include a size-independent, frequency-based crite-
rion WD1 (>1:100000) as a part of our “well-defined” defi-
nition, and we included the other variants (WD2-WD4) for
reasons of completeness and comparability. However, it can
clearly be seen from Table 4 that although the groups
WD2-WD4 contribute over 80% of the WD allele list their
contribution to the actual occurrences is under 10% clearly
limiting their practical relevance.

Generally, there is a substantial concordance of CWD
alleles between the three catalogs. Altogether, 40% of the
380 different HLA-A, -B, -C, -DRB1, -DQB1, and
-DPB1 common alleles are classified as common in all

three catalogs. This is not surprising in view of the domi-
nant contribution of Europeans to all the samples
processed.

81% of the ASHI CWD catalog is shared with DE CWD
and about half is shared with EFI CWD. However, ASHI
CWD contains a higher number of common alleles, reflect-
ing the higher diversity of the global sample, whereas DE
and EFI CWD have more WD alleles, reflecting their larger
samples.

Overall, it is quite striking that in spite of a much nar-
rower ethnic and geographic coverage our study reports sub-
stantially greater details of the allelic polymorphism than
both other studies if all allele categorizations are applied (ie,
down to a minimum of three copies in the sample). DE
CWD contains about twice as many alleles as ASHI and EFI
CWD. Only 830 alleles are included in DE CWD, whereas
just 197 are found in the EFI CWD or ASHI CWD
catalog only.
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FIGURE 2 Frequency of common and well-documented null alleles in Germany

TABLE 7 Effect size statistic Wn, observed (HoObs) and expected
homozygosity (HoExp) rates

Locus Wn HoObs HoExp

A 0.006 0.155 0.153

B 0.011 0.081 0.077

C 0.009 0.161 0.156

DRB1 0.006 0.116 0.113

DQB1 0.004 0.255 0.253

DPB1 0.021 0.335 0.331
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However, if the WD1 criterion is applied for DE CWD
alone, 67 DE CWD alleles are not part of the ASHI CWD
catalog. Figure 3 shows the different allele counts of the
three catalogs per locus and illustrates the higher population

diversity of ASHI and EFI CWD. The high proportion of
two-field HLA-DPB1 alleles found (46%) and classified as
CWD (34%) in the German population illustrates the contri-
bution of specific donor typing efforts on the revelation of
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the HLA-DPB1 polymorphism after HLA-DBP1 had been
identified as a relevant transplant antigen.28,29

For the EFI CWD, the DKMS sample accounts for
between 89% and 99% of the HLA data for HLA-A, -B, -C,
-DRB1, -DQB1, and -DPB1 and for a total of 76% of the
donors considered in this study. This explains why DE
CWD covers 99% of the alleles reported in EFI CWD. The
over 1000 additional alleles of DE CWD compared with EFI
CWD can be attributed to methodological refinements and a
substantially larger sample. For HLA class I loci, the sample
was between 3.7 (HLA-B) and 8 (HLA-A) times larger
mainly because our approach allowed for inclusion of many
more DKMS donors than the EFI study leading to a low
overlap between 11% (HLA-A) and 26% (HLA-B). For
HLA class II loci, on the other hand, the sample increase
between 25% and 32% was mainly because of the inclusion
of the SKD donor centers. Overall, our study based on the
German donor pool gives new insight into the CWD alleles
on the worldwide level, in particular for the HLA class
I loci.

The six WD alleles only found in the EFI catalog are
present in our sample, but their frequencies did not qualify
for CWD. The absence of 60 ASHI and DE CWD alleles in
the EFI CWD is probably explained by the varying number
of population criteria. The relationships among the three cat-
alogs are illustrated in Figure 4, pointing out the level of
detail found in the individual CWD catalogs.

Both the ASHI and EFI catalogs partly require different
populations for their categories, whereas here we used a sin-
gle donor sample with some limited population admixture.
The combination of the number of populations and the

sample size per population for a category seems to be unsui-
table for standardized and comprehensible criteria. The allele
HLA-DRB1*07:05 for example is seen 117 times in our
complete sample (95 times in the DKMS subsample) by
counting alone and categorized as WD1 and as WD in the
ASHI CWD (Table 6). EFI CWD, however, although defi-
nitely seeing a substantial number of HLA-DRB1*07:05
alleles because of the overlap of donors in both studies, can
only report one HLA-DRB1*07 allele (DRB1*07:01), per-
haps because of the number of population criteria. In sum-
mary, globally comprehensive and scalable categories are
required to make the different catalogs more consistent.

The vast majority of known null alleles is defined by
sequence variations within the region coding the ARD and is
therefore reliably detected by most typing techniques. Only
six depend on variations outside all exons and are rarely
considered. However, the identification of null alleles
defined in non-ARD exons is handled inconsistently30,31

because of the lack of an efficient general typing strategy.32

Therefore, the AFs of those null alleles are most likely
underestimated.

In this study, we did not observe the AFs directly rather
estimated them from heterogeneous donor data as it is typi-
cally found in donor registries. The concordance between
the three catalogs shows the applicability of our approach.
The estimation procedure has inherently larger estimation
variance than direct counting procedures,33 particularly for
HLA-C, -DQB1, and -DPB1, where 17%, 28%, and 51% of
the individuals in this study are not typed (Table 1). How-
ever, this is more than compensated for by the large sample
size, reducing bias, and allowing the description of rare
alleles (three copies) on a sound statistical basis and provid-
ing the haplotypical context for the alleles automatically.

Finally, we would like to advocate once more for the
usage of relative frequency CWD criteria because they allow
better interoperability, scalability, and flexibility. Such
CWD criteria do also need a standardized geographic and/or
population dimension.
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