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A B S T R A C T

The aim of this study was to determine the percentages of patients from Vojvodina who would find at least one HLA

identical unrelated donor in various sizes of donor files. To determine the probability that 200 patients will have given

phenotype, we defined three-locus haplotype frequencies through the phenotype frequencies of HLA A,B and DR antigens

as well as observed AB and BDR haplotype frequencies. Then we calculated the percentages of patients theoretically able

to have at least one HLA identical donor in a donor file of a certain size. According to the results of a study sample, pre-

dictive estimation of the effectiveness of regional bone marrow donor registry in Vojvodina, would be 14% with 5,000 do-

nors, 23% with 10,000 donors, 38.5% with 20,000 donors, 49.5% with 30,000 donors and 76% with 100,000 donors in the

registry. The appropriate size of registered donor file that would give at least one HLA identical donor for more than 45%

of patients from Vojvodina is 30,000 donors.
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Introduction

In recent years bone marrow and haematopoietic
stem cell (BM/HSC) transplantation has been used as a
curative treatment for patients who have severe aplastic
anemia, some forms of leukemia, myelodysplastic syn-
drome or other diseases. The most desirable donors, a
HLA identical sibling is available for only approximately
one third of candidates for BM/HSCT1–6. Since, the re-
sults of BMT with usage HLA nonidentical relatives have
not been satisfactory7,8, attention has turned to nonre-
lated HLA identical donors or donors compatible for et
least five of six HLA-A,B and -DR antigens9–13. However,
it is very difficult to find HLA compatible donors from an
unrelated population because HLA system is highly poly-
morphic; a large file would be necessary. To increase the
availability of unrelated donors, national registries like
the National Marrow Donor Program in the USA and the
Anthony Nolan registry in the United Kingdom, have
been started to satisfy the need of donors for unrelated

bone marrow transplantation14,15. Even in the largest
registries, finding a donor for an individual patient could
be impossible14,16,17. In such cases investigating the possi-
bility of finding donors abroad is necessary, so for that
purpose, the Bone Marrow Donor Worldwide registry has
been set up3,6,14,18–20.

To determine and evaluate theoretically the appropri-
ate size of the donor file in the population of Vojvodina,
we calculated three-locus haplotype frequencies and phe-
notype frequencies for 200 patients. Then we calculated
the probability of finding at least one HLA identical do-
nor among k randomly chosen donors. We further evalu-
ated the percentages of potential BM/HSCT recipients
for whom at least one HLA identical donor could be
found among a variable of unrelated donor candidates
with assumption that the bigger donor pool size provides
the higher effectiveness of a registry.
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Material and Methods

We applied immunomagnetic technique (IM) in HLA
class I and II antigens typing for 200 patients from
Vojvodina who suffer from leukaemia and myelodyspla-
stic syndrome21. We obtained the AB and BDR haplotype
frequencies through direct counting method. Gene fre-
quencies were calculated using following formula:

PA = 1 1− − fA ,

where fA is phenotype frequency of the certain allele22.
Three locus haplotype frequencies were calculated by Pi-
azza’s formula:

PA1B1DR1 =
( )( )P A B B DR

B
1 1 1 1

1

,

where P (A1B1) and (B1DR1) are observed haplotype fre-
quencies23.
The frequency of the phenotype P(A1A2B1B2DR1DR2)
was calculated by following formula: P1=SQ(A1B1DR1)´
Q(A2B2DR2), where the summation is divided by all pos-
sible combinations of the haplotypes that yield the phe-

notype under consideration6. In the case of homozygosity
at a locus, procedure takes into account extra haplotypes
that have an undetected antigen on these loci24. The pro-
bability of finding at least one phenotypic match among
k randomly chosen donors was calculated by utilizing
formula: P=1–(1–pDi)k, where pDi is the frequency of a
patient’s phenotype16. Considering the number of k ran-
domly chosen donors that provide at least one phenoty-
pic match for 200 patients from Vojvodina, we estimated
the percentages of patients theoretically able to have at
least one HLA identical donor in a donor file of a certain
size. The apropriate number of k randomly choosen do-
nors, was gradualy increased with an aim to achieve
99.99% probability of finding compatibile donor that is in
accordance with the HLA phenotypic frequencies of the
racipients. From the percentages of patients with HLA
identical donor in the various sizes of donor files, we
draw the connection between the required donor file size
and the percentages of patients who will have possible
unrelated matched donors. Then we tried to determine
the appropriate size of registered donor file that will give
at least one HLA identical donor for more than 45 per-
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TABLE 1
PHENOTYPE FREQUENCIES OF HLA A, B AND DR ANTIGENS

A locus af gf B locus af gf DR locus af gf

A1 0.33 0.181 B5 0.145 0.075 DR1 0.185 0.097

A2 0.54 0.321 B5(51) 0.13 0.285 0.067 0.154 DR2 0.215 0.114

A3 0.155 0.08 B5(52) 0.01 0.005 DR2(15) 0.155 0.375 0.08 0.209

A9 0.05 0.025 B7 0.115 0.059 DR2(16) 0.005 0.002

A9(23) 0.005 0.22 0.002 0.116 B8 0.19 0.1 DR3 0.2 0.105

A9(24) 0.165 0.086 B12 0.01 0.005 DR3(17) 0.005 0.21 0.002 0.111

A10 0.07 0.035 0.088 B12(44) 0.1 0.115 0.051 0.059 DR3(18) 0.005 0.002

A10(25) 0.035 0.17 0.017 B12(45) 0.005 0.002 DR4 0.155 0.08

A10(26) 0.065 0.033 B13 0.06 0.03 DR5 0.03 0.015

A11 0.11 0.056 B14 0.09 0.046 DR5(11) 0.285 0.33 0.154 0.181

A28 0.03 0.015 B15 0.05 0.025 DR5(12) 0.015 0.07

A29 0.005 0.002 B16 0.06 0.03 DR6 0.01 0.005

A30 0.03 0.015 B16(38) 0.05 0.12 0.025 0.061 DR6(13) 0.06 0.085 0.03 0.043

A31 0.005 0.002 B16(39) 0.01 0.005 DR6(14) 0.016 0.008

A32 0.04 0.02 B17 0.07 0.035 DR7 0.14 0.072

A33 0.035 0.017 B18 0.155 0.08 DR8 0.035 0.017

A34 0.005 0.002 B21 0.07 0.035 DR9 0.015 0.007

Bla 0.325 0.178 B22 0.03 0.015 DR10 0.035 0.017

B27 0.095 0.048 Bla 0.435 0.248

B35 0.165 0.086

B37 0.02 0.01

B40 0.05 0.025

B41 0.015 0.007

B47 0.005 0.002

B48 0.005 0.002

Bla 0.295 0.160

af – antigen frequencies, gf – genes frequencies, Bla – blank
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cent of patients. The population of patients was tested
for fit to Hardy-Weinberg equilibrium (HWE), for each
locus, using a chi-squared goodness-of-fit test.

Results

Table 1 presents the phenotype frequencies of HLA A,
B and DR antigens in the population of Vojvodina.

Table 2 presents the observed AB and BDR haplotype
frequencies.

The most frequent AB haplotypes are A1B8 (0.155),
A2B5(0.105), A2B35(0.065) while the most frequent BDR
haplotypes are: B8DR3(0.135), B35DR5(11) (0.06) and
B8DR2(15)(0.045).

Table 3 shows the probabilities that 200 patients from
Vojvodina would have a given HLA phenotype. The rela-
tion between the probabilities of finding a match for 200
patients and registry size is also presented in Table 3.
The probability that a random patient will have a given
phenotype is in inverse proportion to the necessary do-
nors (k randomly choosen donors), that achieve a match
with 99.99%: the lower probability of occurence of cer-
tain HLA phenotype, the higher the number of k ran-
domly choosen donors for finding at least one HLA iden-
tical donor in a registry. Figure 1 shows the percentages
of patients who would theoretically be able to have at
least one matched donor among k randomly chosen do-
nors. There was a good fit to Hardy-Weinberg equilib-
rium and the proportion of homozygotes was as expected
( 2 test for A locus = 0.156, for B locus = 1.167, for DR lo-
cus = 1.664, border value 3.841).

Discussion

The chance of finding unrelated bone marrow donor
depends on the frequency of the patient�s HLA pheno-

type, degree of histoincompatibility considered acceptance
and the size of the donor registry2,3,6,12. It is expected that
individuals with HLA phenotypes of higher frequencies
will have a higher probability of finding a matched do-
nor25,26. Furthermore, identification of the donors who
inherit common HLA haplotypes in significant gametic
disequilibrium provide the higher rates of successfull un-
related donor searches5,7,27–29. Our results showed the
proportional influence of HLA phenotype frequency on
the probability of finding at least one match among k
randomly chosen donors. It is noticable from the example
where the patients with the most common haplotypes,
with similar frequency in many other Caucasoid Euro-
pean populations30–37, such as A2B5DR2 and A1B8DR3,
especially ones with homozygosity or undetected alleles
at a loci, require smaller donor size in comparison to the
others (Table 3). Great determinant of the probability of
matching and consequent registry size requirements is
frequency of genotypes with blank or homozygous al-
leles. They express the direct influence to the number of
k randomly choosen donors: the higher frequency of
blank alleles, the lower number of k randomly choosen
donors. From our results it is noticable that probability
of finding HLA identical unrelated donor is in inverse
proportion with the number of k randomly choosen unre-
lated donors necessary for research with an aim to find at
least one HLA identical donor. Lower probability of find-
ing HLA identical donor is appropriate to a higher num-
ber of donors necessary for research as well as to bigger
request of the registry pool size. From the number of po-
tential donors required for various probabilities, we esti-
mated the percentages of patients who find at least one
HLA identical unrelated donor (Figure 1). According to
the results of a registry model, for more than 45% of the
patients from Vojvodina (99 patients or 49.5%), required
pool size of the registry is 30,000 donors. Remaining
50.5% of patients, require a bigger donor file, which show
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that effectiveness of a regional bone marrow donor regis-
try in Vojvodina gradually decreases. Also our results
show relatively high effectiveness, because in the regis-
try with 40.000 donors, 57% of patients can find HLA
identical donor or 42.5% of patients can locate HLA
phenotypically identical donor in the registry with less
than 25,000 donors (Figure 1). Our results about a re-
gional bone marrow registry effectiveness, show the spe-
cific success rate of identifying a HLA A,B and DR
matched donors that is distinctive for Vojvodina. There
are the differences in effectiveness of various regional
bone marrow registries that are understandable in terms
of genetic variation in distinct racial or ethnic groups
with typical distribution of HLA genotypes. For example,
the French registry composed of 70,000 donors, provided
at least one match for only 20% Caucasoid patients. In
the contrast, the Hong Kong registry of 17,000 donors
provided a 42% success rate of identifying HLA A,B and
DR matched donors4. To enable more than 80 percent of
patients to have at least one HLA identical donor, only
50,000 potential donors would be necessary for Japanese
persons, whereas 1 000,000, 400,000 and 25,000, respec-
tively, would be required for European, North American
Whites and Western Indians4,6. This study shows that re-
gional registry could locate unrelated donors for a great
number of patients from Vojvodina. However, an ex-
panded number of donors would be necessary to allow an
extensive evaluation of unrelated marrow transplanta-

tion, since the local transplant centers in Vojvodina would
accept to perform transplantation with hematopoietic
stem cells from unrelated HLA identical donors or do-
nors mismatched only for HLA antigens belonging to
same crossreactive group.

Conclusion

This study shows that the method described here
could be used to estimate donor pool size requirements
using any population for which HLA haplotype and phe-
notype frequencies are available. To enable more than 45
percent of patients from Vojvodina to have at least one
HLA A,B and DR identical donor, 30,000 potential do-
nors would be necessary. These findings support the idea
of justifiableness for establishing the regional bone mar-
row registry in Vojvodina.
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Institute for blood transfusion Novi Sad, Hajduk Veljkova 9a, 21 000 Novi Sad, Serbia
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PREDIKTIVNI PRORA^UN EFEKTIVNOSTI REGIONALNOG REGISTRA
DONORA KOSTNE SR@I U VOJVODINI

S A @ E T A K

Cilj ove studije je odre|ivenje postotka bolesnika sa podru~ja Vojvodine, koji bi na{li bar jednog HLA identi~nog
nesrodnog donora u registru sa razli~itim brojem donora. Radi odre|ivanja vjerovatno}e da }e 200 bolesnika posje-
dovati odre|eni fenotip, izra~unavane su haplotipske frekvencije za tri lokusa HLA sistema, putem definiranja fre-
kvencija HLA A, B i DR antigena kao i uo~enih frekvencija AB i BDR haplotipova. Nakon toga izra~unavani su postoci
bolesnika koji teoretski posjeduju barem jednog HLA identi~nog nesrodnog donora u registru sa odre|enim brojem
donora. Prema rezultatima uzorka iz studije, prediktivna procjena efektivnosti regionalnog registra donora ko{tne sr`i
u Vojvodini bi bila 14% sa 5,000 donora, 23% sa 10,000 donora, 38.5% sa 20,000 donora, 49.5% sa 30,000 donora i 76% sa
100,000 donora u registru. Broj donora u registru koji bi osigurao nala`enje bar jednog HLA identi~nog donora za vi{e
od 45% bolesnika podru~ja Vojvodine je 30,000 donora.
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