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HLA SEROLOGY TO DNA EQUIVALENTS; UPDATE OF A DICTIONARY

In 1997 a working group chaired by Carolyn Hurley published a "Dictionary" which summarizes
serological equivalents for HLA alleles as defined by DNA-based methods (Carolyn Hurley et al.
in Tissue Antigens 50,4, October 1997, 401-418). It became clear that many alleles are still
poorly characterized at the serologic level.

Under the auspices of the World Marrow Donor Association this Working Group on HLA
Serology to DNA Equivalents (leke Schreuder (present chair), Mike Bunce, Marcelo Fernandez-
Vina, William Hildebrand, Carolyn Hurley, Marie Lau, Steven Marsh, Derek Middleton, Harriet
Noreen, Machteld Oudshoorn, Judy Wade and Soo Young Yang) will continue its activities and
further update and extend this "Dictionary".

The Working Group seeks the help of the HLA community.

Individual laboratories are encouraged to contribute their serologic information for DNA based
HLA alleles with unknown or poorly defined serologic specificities to the Working Group using
the form at the end of this chapter, Attachment A..

PLEASE RETURN TO:

G.M.Th. Schreuder PhD

WMDA Working Group on HLA Serology to DNA Equivalents
Dept. of Immunohematology and Bloodbank

Building 1 - E3-Q,

Leiden University Medical Centre,

P.O. Box 9600, 2300 RC, The Netherlands

Phone : (31)-71-5263824 / 5263800

Fax : (31)-71-5216751 / 5248203

e-mail: schreuder@rullf2.leidenuniv.nl
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ABSTRACT

This report presents serologic equivalents of 90 HLA-A, 190 HLA-B and 145 HLA-DRB1 alleles.
The equivalents cover over 70 percent of the presently identified HLA-A, -B and -DRB1 alleles.
The dictionary is an update of the one published in 1997(1) and now also includes equivalents
for HLA-C, DRB3, DRB4, DRB5 and DQB1 alleles. The data summarize information obtained
by the WHO HLA Nomenclature Committee, the International Cell Exchange (UCLA), the
National Marrow Donor Program (NMDP) and by individual laboratories. In addition, a listing is
provided of alleles which are expressed as antigens with serologic reaction patterns that differ
from the well established HLA specificities and that often lack official WHO nomenclature. The
provided equivalents will be useful in guiding searches for unrelated donors in which patients
and/or potential donors are typed by either serology or DNA-based methods. These equivalents
will also serve typing and matching procedures for organ transplant programs where HLA
typings from donors and from recipients on waiting lists represent mixtures of serologic and
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molecular typings. Some guidelines are provided for the use of appropriate WHO HLA
nomenclature for serological typings and for generic and allele specific typings obtained with
molecular methods. The tables with HLA equivalents and the questionnaire for submission of
serology on poorly identified alleles will also be available at the WMDA web page:
http://www.worldmarrow.org.

INTRODUCTION

Several years ago the World Marrow Donor Association (WMDA) initiated a study aimed at
identifying the serological types associated with each HLA-A, -B, -DRB allelic product. This work
resulted in a "serology to DNA equivalents dictionary" by C.K. Hurley et al, 1997(1). The
dictionary is an attempt to aid searches for unrelated bone marrow donors in registries. While
many patients in need of bone marrow transplantation are HLA typed by DNA-based methods at
medium or high resolution, the majority of the donor files provide serologically based HLA
typings, at least for class I. In this respect, the dictionary can help in the search for donors
whose HLA phenotypes closely resemble that of the patient even though these typings are
determined by different methods. Molecular class | typing techniques are now more reliable and
can be used for confirmatory typing. Since the appearance of the "1997 dictionary" (1) which
was based on the alleles listed in the 1997 WHO Nomenclature report (2), a large number of
additional alleles have been assigned officially (3). As summarized in Table 1, serological
equivalents are now available for over 70 % of the presently identified HLA-A, -B and -DRB1
alleles, which prompted this update of the dictionary. For completeness, all known alleles as
published in the 1998 WHO nomenclature report (3), including null alleles and those lacking
serological equivalents, have also been included in Tables 3-8.

Although serological typing of HLA-C and -DQ antigens is notoriously difficult, often incomplete
and unreliable, the information, when available for a donor, may help in the selection procedure.
For that reason we have included HLA-C and -DQB1 associations which were collected through
the International Cell Exchange, UCLA. Although HLA-DQ molecules are heterodimers
combining polymorphic alpha and beta chains, the DQ serologic patterns correlate with DQB1,
but not with DQA1 polymorphisms. For that reason, Table 8 gives equivalents between DQB1
alleles and DQ antigens.

WHO Nomenclature: allele and serologic assignments

The number of alleles presently identified at the different HLA loci is greatly increased (3).
Whereas the first alleles were identified because they encoded frequently occurring and well
defined HLA specificities, we now have identified alleles with no or ambiguous serological
typing. We can not yet predict if even subtle changes in amino acid sequence found in these
new alleles alter the reaction pattern of allo-antisera and monoclonal antibodies towards the
newly identified molecules. At present, the WHO nomenclature report includes a serologic
specificity of a newly identified allele only when the serologic specificity is reported by the allele
contributor. The contributor may not have detected variation from the original specificity, using
local reagents (e.g., B*4404 - *4408, all B44). Further study of such alleles, using more
reagents, may reveal serologically detectable variation (e.g. B*4406 and *4408, see Tables 3
and 9). Likewise, the contributor may report the allele to be expressed as a variant antigen (e.g.
B*4409 - B12). On the other hand, the allele may not have been identified serologically, due to
lack of viable lymphocytes (B*4410 - not defined). It is not known if this allele is expressed as a
"standard" B44 or as a specificity with minor or major differences from the standard B44. In the
past, such specificities only received an official nomenclature designation after extensive study
in International Histocompatibility Workshops. Other alleles have been assigned standard WHO
HLA specificities although they were known to be slightly different. For example, the antigen
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encoded by B*1524 was assigned B62, but known to express the Bw4 instead of the Bw6
epitope (4). In the present report, alleles are presented with their four digit number designation,
because silent substitutions (represented by the fifth digit) do not influence the antigenic
expression (e.g. A*0301 represents A*03011, *03012 and *03013). The WHO assigned HLA
specificities according to the latest nomenclature report (3) are shown in the second column of
Tables 3-8. For sake of completeness non-expressed (null) alleles have also been included in
the tables and are indicated with an "N" (e.g. A*0215N).

International Cell Exchange, UCLA

In the period between October 1996 and October 1998, 80 samples (cells 897-976) were typed
for HLA-A, -B and -C. These samples have been tested serologically by over 250 laboratories
and by DNA-based methods by over 30 laboratories (5). For HLA-A and -B, 35 and 70 alleles,
respectively, were identified. The previously published listings (1) have been updated with these
alleles and their reported serologic equivalents (Tables 3 and 4). For HLA-C, the results of 152
cells (cells 825-976, typed between November 1994 and October 1998) have been analysed,
which provided serological information for 18 alleles, as shown in Table 5. HLA class Il analysis
included 38 cells (TER189-228) typed during the period between October 1996 and October
1998, which provided serological information for 34 DRB1, 3 DRB3, 2 DRB4, and 3 DRB5
allleles, several of which are now included for the first time (Tables 6 and 7). In addition,
analysis for DQ antigens provided 14 DQB1 alleles with corresponding serologic designations
(Table 8). The cells were typed serologically by an average of 53 laboratories, with as many as
72 laboratories in 1996, to a decreased number of 36 laboratories in 1998, as molecular-based
testing became more readily integrated into routine typing for Class Il. The average number of
laboratories using DNA-based methods was 94, ranging from a minimal of 82 to as many as
102 laboratories during this time period. In Tables 3-8, the number of samples carrying a certain
allele is given. Also included were several samples with informative antigen-allele associations
(marked in the tables), typed after the above cell range.

The associated serologic specificities as reported by the participating laboratories are given with
the lowest and highest % recognition. For example, six A*2403 samples were tested in the
exchange. Between 44 and 67% of the laboratories reported the A24 antigen for these six
samples. A smaller percentage, between 20 and 52%, reported A2403. The percentage
recognition of the serological specificities has increased considerably. Therefore some of the
initially low recognition percentages for alleles have been replaced. HLA-DQ serologic
equivalents have been analysed in heterozygous samples only if the other DQB1 allelic product
would not interfere with the serologic recognition. For example DQB1*05 alleles were not
analysed in the presence of DQB1*06. The International Cell Exchange (UCLA) provided
serologic equivalents for 37 HLA-A, 92 HLA-B, 19 HLA-Cw, 49 HLA-DRB1, 5 DRB3, 3 DRB4, 3
DRB5 and 14 DQB1 alleles, when combining the present update with the previously published
data (1).

National Marrow Donor Program (NMDP)

Cells from bone marrow transplant patients and unrelated donors were serologically typed by
HLA typing laboratories associated with NMDP-affiliated donor or transplant centres.
Laboratories utilized standard microcytotoxicity testing with commercial alloantisera, local
alloantisera and/or monoclonal antibodies to identify serological HLA types as expressed by the
cells. These serologic typings were performed during donor recruitment or during the actual
donor selection for particular patients. High resolution DNA-based typing methods (both class |
and class Il ) were utilized to prospectively type volunteer donors or to retrospectively type
donor-recipient pairs. Many of the DNA typings were performed as blinded duplicates.
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The NMDP dataset is based on the typing information from 13,868 individuals for HLA-A;
16,298 individuals for HLA-B; and 53,860 individuals HLA-DRB1. Tables 3, 4 and 6 present the
number of individuals carrying a certain allele, together with the most frequent serologic type(s)
associated with that allele. For example (Table 3), there were 2,424 individuals typed as A*0101
and most (95%) received the HLA-A1 serologic assignment. Other alleles appear with several
common assignments. For example, A*6601 was observed in 248 individuals of which 65%
serologically typed as A26, 21% typed as A66, 9% as A34 and 2% as A10.

To obtain these data, the EM algorithm (6) was used to estimate the probability that a given
allele would be mapped to a particular serologic antigen. This was necessary because it was
not always clear which allele corresponded to a specific antigen. For example, an individual
might be typed as HLA-A*0201,*0217 by DNA-based typing methods and as HLA-A2,28 by
serology. It is not apparent whether the A28 assignment corresponded to A*0201 or to A*0217
in this individual. This problem is mathematically analogous to estimating multiple locus
haplotype frequencies from observed phenotype data. Here, it is not clear which allele from one
locus is localized on the same haplotype as an allele at another locus. Use of the EM algorithm
is well established in this situation (7). The two alleles from DNA typing can be thought of as
being from one "locus" in this analogy and the two antigens defined by serology as a second
"locus". For each allele i and antigen j, let hij be the percentage of individuals in a population
who are typed as allele i by DNA typing and as antigen j by serology. Once these quantities are
estimated using the EM algorithm, the probability that allele i is mapped onto antigen j is given
by:

By =g/ D
k

where the sum is over every possible antigen, k.

Serologic homozygotes were assigned a second type which indicated a blank associated with
that specific antigen. For example, an individual typing as A2 was reassigned as A2,A2blank
and an individual typing as B7 was reassigned as B7,B7blank. The EM algorithm included the
blank as an assignment in the calculation. For example, A*0101 was found in 2,424 individuals.
Ninety five percent of the time, the A*0101 allele was assigned to the serologic type A1; 5% of
the time, A*0101 was assigned as A1blank (i.e., found in an A1 homozygous individual). For
most alleles, the latter typings were uninformative and are not included in the tables. For a few
alleles, a large number of blank assignments indicated an allele which was frequently missed by
serology.

When multiple serologic types were listed for an allele, the types, reported in the tables, were
selected from a larger set of data calculated by the EM algorithm. Only serologic specificities
found in at least three individuals are reported. Split and broad specificities were sometimes
clustered into a single assignment but only when occurring as a minor component. Specificities
occurring in less than 3 individuals were only included when providing serologic nuances, e.g.
B15 splits that give information on possible Bw4/Bw6 associations. Table 2 describes the
assignment process.

If an allele appeared 5 times or less, the serologic assignment(s) should be considered as only
an approximation of the serologic reactivity of the resultant antigen. These include, for example,
A*0216, B*0706, and DRB1*0311. In a few of these cases, the EM assignment was disregarded
and the assignment was based on evaluation of the typing results themselves. Also, some
alleles appeared more than 5 times but no specific antigen was assigned to 3 or more
individuals. Therefore, in these cases, the antigen assignments also need to be regarded with
great caution.
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It should be realised that serologic typings are registered in NMDP using WHO-approved
nomenclature. The NMDP data presented in the tables lack information on the actual serologic
reaction patterns which might vary from the standard assignment.

Questionnaire: World Marrow Donor Association (WMDA) Allele - Antigen Dictionary

After publication of the first dictionary (1), we requested information from individual laboratories.
For class Il typing, many laboratories have changed to DNA-based typing techniques but quite a
few still use serologic methods in parallel with the DNA methods. Molecular typing for class | is
now being introduced more widely but serology is still a regularly used method. Therefore, we
had hoped that laboratories that observe samples expressing rare or new alleles would be
willing to describe the equivalent serum reaction patterns to the WMDA working group. In spring
1998, a questionnaire was composed and distributed to the HLA typing community with the help
of ASHI, EFIl and BSHI, and the International Cell Exchange, UCLA. Moreover, this
questionnaire was also provided on the WMDA web page: http://www.worldmarrow.org. As a
result, several reports were received on HLA-A, -B and -DR specificities and this information
has been included in the tables in the form of personal communications in the comments
column.

Specificities lacking official WHO nomenclature designations

As shown in the tables, a number of alleles appear with several common serologic assignments,
which indicates that their serologic expression is not well characterised. Most specificities, which
are known to differ slightly from "standard" specificities, have not received an official
nomenclature designation, even when their respective alleles were identified. For example
B"NM5", known to be encoded by B*1523, has no official designation, and is listed in Table 4 as
"not defined". For several alleles, we know that the serologic reactivity is quite different from the
standard specificity, giving rise to either complex serologic reaction patterns or to hardly any
reactivity depending on the sera used.

In Table 9, HLA class | alleles with undefined, unclear or unexpected serologic assignments are
listed when serologic information is available. Where known, relevant serum reaction patterns
are summarised. Similar observations for class Il alleles are shown in Table 10. Some of these
reaction patterns have also been observed using monoclonal antibodies (17, 18). These tables
are by no means complete. If some of these divergent serum reaction patterns are well
identified by the HLA typing laboratories, it may be possible to assign an official nomenclature
designation in the future.

How have such poorly defined specificities been treated by laboratories? When such a
specificity is identified, the laboratory is unable to assign an appropriate officially accepted
specificity. The laboratory has four options as to reporting the specificity: 1) as an "X", 2) with a
local name, 3) as a known specificity which produces a similar serologic pattern, or 4) as a
"blank". All four decisions have implications when the specificity is found in a prospective bone
marrow donor. The "X" may be accepted by a registry but information regarding the serologic
pattern associated with the "X" is not retained. A sample typing which includes an "X" may be
treated in the search algorithm as a presumed homozygote (e.g., A2,X is treated as A2,A2). The
local name can likely not be incorporated by large registries or search algorithms. The third
option is dubious, since the specificity chosen will depend on the set of typing reagents. In this
case, several specificities will be reported as "common" for an allele (e.g. A*6601, Table 3). The
assignment of a "blank” is not optimal since this implies a presumed homozygote. Thanks to the
use of samples expressing such problematic alleles in international cell exchanges such as the
UCLA exchange, we now have some insight into this problem. This can be exemplified with
B*4008, which was reported by some laboratories as B61 or B40 or B48; whereas, the
laboratory which originally identified this allele reported it as B40/46-like (4). It is anticipated that
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the need for assignment of new serologic specificities will decrease, even for class |, because
the maijority of laboratories will be using molecular techniques to identify all HLA types. The
variation in how laboratories assign alleles and specificities emphasizes the importance of
confirmatory testing of samples from both the recipient and the selected donor in the same
clinical laboratory, using identical reagents and methods, prior to transplantation (66).

In the meantime, serology has also learned from DNA typing. What, in the past, looked like
occasional missing or extra reactions can now often be explained by allelic differences. Notably
many HLA specific monoclonal antibodies can discriminate (groups of) different allelic products
within one specificity (17,18). Laboratories sometimes do report such allelic subtypes as
identified by serology; however, the WHO HLA nomenclature committee has decided to abstain
from naming such types. If an allele name is used as the basis for characterizing a certain
serum reaction pattern, one can not foresee if the same pattern may or may not occur with
allelic products which presently lack serologic types. For example, DRB1*1402 has a
characteristic serum reaction pattern different from the standard DR14 pattern, but the same
pattern is also expressed by the antigen encoded by DRB1*1406 (Table 10). Thus a serologic
designation like "DR1402" should not be used.

A number of officially named HLA specificities can not readily be identified by the majority of
typing laboratories. Both NMDP and the UCLA cell exchange data demonstrate that relatively
new specificities such as A203, A2403, B5102, B703 and B2708, are poorly or virtually
indistinguishable from their associated or broad specificities (A2, A24, B51 and B7,
respectively). Even specificities such as A66, B64 and B65 are poorly identified. Therefore, the
percentage recognition in the included tables can be helpful in selecting alternative antigens as
search determinants.

WHO Nomenclature recommendations for generic and allele specific versus serological
typing

The level of resolution that can be reached using locally produced or commercially available
DNA-based typing kits varies widely. For example, low resolution or generic DNA-based typing
kits are designed to type at a level comparable to serology. Some of these antigens were, until
recently, known to be encoded by one allele only (e.g., DRB1*0701, DQB1*0201). It now
appears that many laboratories report such generic typings by allele specific designations. Now
that variations in these alleles have been detected, the reported typings may, or may not,
include the newer alleles. Therefore, it may well be that the DRB1*0701 typings in Table 6
include other DRB1*07 alleles. It is strongly advised that low resolution typings (including alleles
for which variants have not yet been identified) should be reported as "truncated" typings (e.g.
DRB1*07, DRB1*10 and DQB1*02). The number of identifiable alleles will increase further. Over
time, this means that a certain probe or primer combination designed to type an allele
monospecifically, will, in the future, likely hybridize to several alleles. These alleles may encode
serologically distinct antigens.

The resolution level of molecular typings influences the translation into serologic equivalents. An
HLA typing such as A*02, A*24, B*15, B*40, DRB1*01, DRB1*14 requires considerable
attention. Not only are several specificities included in each allele group, but some groups
include null alleles which are not expressed at the cell surface (e.g. A*2409N). Such typings
stress the importance of a clear distinction in nomenclature between serology and molecular
typings. The use of appropriate WHO nomenclature is advised at all times i.e., A2 when an
allele is serologically defined and A*02 when defined at the DNA level by a generic typing
approach.

TM24-8



Null alleles are not expressed and should not be detected serologically. As can be seen from
Table 7, 37-57% of laboratories assigned DR53 to cells carrying the DRB4*0103102N allele on
the DR7, DQ9 haplotype (TER218 and 223). This demonstrates that DR53 assignment is not
based on a correct serological reaction pattern but on the association with DR7. The majority of
low resolution class Il typing kits identify the presence or absence of DRB3/4/5 genes. The
DR53 misassignment, shown above, demonstrates that identification of a DRB4 gene should
not be reported as "DR53 positive", but as "DRB4 positive".

The use of the above recommendations will allow the reader of typing data to know immediately
how the data were generated, either by serological or DNA typing methods.

FUTURE PLANS

For many alleles, serologic equivalents have now been identified and represent between 72 and
77% of the alleles with official WHO nomenclature (Table 1). The samples for the International
Cell Exchange, UCLA were selected for being "difficult", new or rare. The collection of similar
information from other populations should be encouraged. It will be important to funnel samples
with these poorly defined serologic types into serologic testing programs such as the
International Cell Exchange, UCLA, or other locally organised cell exchange programs.

Laboratories that encounter rare or poorly identified alleles during typing procedures, are
encouraged to store typing material, preferably viable lymphocytes or B cell lines. Such samples
may be typed by serological methods by specialised laboratories, or as an International
Histocompatibility Workshop activity or may be used for cell exchanges. Also the cells may be
offered to Cell Banks, such as European Collection of Animal Cell Cultures, Salisbury, UK, or to
the ASHI/NMDP Repository. Moreover laboratories are asked to report serologic observations
on DNA typed samples with rarely occurring or newly identified alleles to the WMDA working
group to be included in future reports.

It should be possible to predict the serologic type based on the predicted amino acid sequence
of a newly identified allele. Once the influence of amino acid substitutions on serologic
determinants is known, we may be able to predict if a sequence will resemble the "standard"
antigen or not. Consequently, alleles with amino acid substitutions which do not influence
serologic expression but are listed as "not defined" in Table 3, 4 and 6, may, in the future, be
assigned provisional antigens even without actual testing.

Serologic typing in combination with molecular typing will remain useful in identifying HLA
alleles which are not expressed or expressed at very low level at the cell surface. Not all of
these alleles are yet identified and may go undetected if the lack of expression is caused by
changes outside the genetic region that is targeted by DNA typing. Once the alleles are
identified, they can often be readily detected by DNA testing procedures.

With the increasing number of identified alleles, high resolution typings may often result in
ambiguity. It is obvious that certain alleles are much more frequent than others and that their
occurrence is highly dependent on the population studied. For the rare and less well defined
alleles, it will be helpful to have some indication of their frequency of occurrence in certain
populations. In this respect, the collection of allele frequencies in populations as undertaken by
Terasaki and Gjertson is of great importance (67,68), with the caveat that the frequency data
need to be updated with newly identified alleles.

In view of the quickly developing typing technology, the quality of reported HLA typings varies
widely. The construction of databases, where such heterogeneous results are combined, should
be handled with caution.
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The possibility to register "typings" by their reaction patterns with well defined selected probe or
primer sets is now under study. Relevant nucleotide sequences of an individual's DNA would be
stored in a database and available for (re-)evaluation at any time using updated allele sequence
libraries (69,70). Such virtual typings could be extended with relevant amino acid residues as
detected by serology, for example, using information on epitopes as identified by monoclonal
antibodies and allo-antisera.

CONCLUSION

This report presents a database listing WHO HLA antigen nomenclature and serologic
equivalents of 90 HLA-A, 190 HLA-B and 145 HLA-DRB1 alleles. The dictionary is an update of
the one published in 1997(1) and now also provides equivalents for HLA-C and DQB1 alleles.
The data summarize information obtained through the International Cell Exchange (UCLA), the
National Marrow Donor Program (NMDP) and by individual laboratories. In addition, a listing is
provided of alleles which are expressed as antigens with serologic reaction patterns that differ
from the well established HLA specificities and that often lack official WHO nomenclature
designations. The provided equivalents will be useful in guiding searches for unrelated donors in
which patient and/or potential donors are typed by either serology or by DNA-based methods.
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ATTACHMENT A

WMDA HLA Allele — Antigen Dictionary

Serological information for DNA based rare/new alleles with unknown or poorly defined
serological specificities.

Allele Name: Serological specificity as locally identified:

HLA- HLA-

Molecular phenotype (only well characterized alleles):

HLA-A* , ; B* /
Cw* , ;

DRB1* . ;  DRB (3,4,5)-* /

DQA1* , ; DQB1* /
DPB1 , ;

Serological phenotype (if found in one individual only):

HLA-A , A ; B , B ;
Cw , Cw ;
DR , DR ; DR (51/52/53) ;
DQ , DQ

MOLECULAR INFORMATION

Were all other known alleles excluded in the testing?
(i.e. was testing at allele level resolution?) Yes No

Has the new/rare allele been sequenced locally? Yes No

Does this concern a new allele which has been identified in your laboratory? Yes/No
Has the sequence been officially submitted to:

If known: Give amino acid position(s) and sequence where different from most closely
related allele:

Related to: HLA-.......coooiiiiiiie, 1A
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