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EQ Background - Substantial regional differences in the genetic patterns

related to blood group have been observed across different continents. This
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X Y Material and methods - The study included patients of African origin (n=290)
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Salzburg, Salzburg, Austria and Caucasians who represent the Austrian donor population (n=1,017).
Genetic typing was performed for up to 69 blood group polymorphisms with
a multiplex sequence specific primer-PCR including high frequency antigens
and antigens for which antisera are not commercially available. By assessing
differences in antigen frequencies between the two populations, and using
these data for prophylactic matching, we aim to develop tools to increase the
quality of patient care.
Results - Results indicate various and significant differences (p<0.0001)
in antigen frequencies between African patients and the European donor
population, especially in the MNS, Duffy, Knops and Rhesus systems.
Discussion - Our data highlight the importance of matching the donor
population to the demographics of the patient population. In addition, it
underlines the need to recruit donors of African origin and to focus on the
upcoming challenges, such as malaria semi-immunity and a significantly
higher rate of infectious disease in this population. It is also recommended to
apply extended genetic typing to detect rare blood types, and (cryo)storage of
rare blood in national and international rare blood banks. Co-operation with
regional blood banks should also be encouraged.
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People have been migrating across the world for centuries. However, the resulting

supply are a recent development. The human blood group systems show varying
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phenotypes among diverse populations and ethnic groups
worldwide. Some may have resulted from the protective
effects of certain erythrocyte membrane characteristics
against infectious diseases such as malaria?.

The need for donor blood is higher in the African
population, as up to18.2% of the African population carries
a significant hemoglobin gene variant, such as HbS, HbC,
HbE, HbD, [ thalassemia, or a° thalassemia'?. In addition,
the formation of alloantibodies after transfusion is higher
in patients with hemoglobinopathies than in other patient
groups**.

The practice and extent of prophylactic antigen matching
to prevent alloimmunization, especially for chronic
transfusion-dependent patients, vary widely across
institutes and countries. In studies in the UK, the US, and
Kuwait the frequency of patients with hemoglobinopathies
who produce alloantibodies ranges from 18-76% when only
ABO and RhD matching is performed. When additional
limited phenotype matching for the antigens C, E, and
K is performed, the frequency of alloantibody formation
drops to 5-11%, which in turn drops further to 0-7% when
extended minor RBC antigen matching is performed’.
In contrast, the frequency of alloimmunization in sickle
cell disease (SCD) patients is lower in countries like
Jamaica and Uganda, where only ABO and D matches,
with rates of 2.6% and 6.1%, respectively. This discrepancy
is most likely the result of the homogeneity of recipients
and donors in the Jamaican and Ugandan studies™".

To a great extent, the risk for alloimmunization in SCD
patients depends on the transfusion regime. Transfusion
in an acute setting (e.g., acute chest syndrome) or during
an inflammatory state in the recipient, as well as during
viralinfections, results in an increased rate of alloantibody
formation. Recent data also show that alloimmunization
rates are higher in single unit packed red blood concentrate
transfusion schemes than when red cell exchange therapy
with up to 10 pRBCs is utilized®*.

the
alloimmunization becomes a serious concern as the

In times of increased migration, risk of
number of patients in need of blood products with
phenotypes that do not match those of the donor
increases. In this context, due to their immunogenicity
and their varying frequency among the ethnic groups,
certain blood group antigens are of particular interest and

will be discussed in this article.

This study aimed to genetically type individuals with a
history of migration for 69 blood group polymorphisms, the
objective being to optimize the blood supply and prevent
alloantibody formation after multiple transfusions in
these patients. The differences in blood group antigen
frequencies between African patients (group A) and a
donor population (almost exclusively Caucasian; group B),
including the resulting challenges, were also investigated.
The results of these genetic antigen profiles could promote
a more thorough understanding of the differences in
frequencies of RBC antigens related to the ethnic origin
of patients and provide supplementary information to
routine antibody screening.

MATERIALS AND METHODS

The Ethics Committee of the Austrian Red Cross approved

this study (20210823_07). Data from routine genotyping
of patients were analyzed retrospectively.

DNA isolation

DNA was purified from EDTA-anticoagulated whole blood
samples using the Maxwell 16 device and the Maxwell 16
Blood DNA kit (Promega, Fitchburg, USA) according to the
manufacturers' instructions.

Genotyping

Fifty-nine out of 63 polymorphisms of the data set “MX3”

wereincludedinthisanalysis. The D exonsand d-hybridbox

were not included because of a lack of detailed typing. The

RHD-pseudogene (D-psi) was included. Genotyping of 63

blood group polymorphisms (“MX3”) was performed with

an updated version of the multiplex sequence specific
primer-PCR (SSP-PCR), as described previously*. Primers
are listed in Supplementary Content, Table SI.

Multiplexed SSP-PCRs were carried out in 16 uL reactions

using the following conditions:

- 1.35x buffer (Promega), 4.17 mM MgCl (Promega),
0.2 mM dNTPs (Thermo Fisher Scientific, Rochester,
NY, USA), 0.15-0.95 1M gene specific primers, 0.52 units
GoTaq G2 Hot Start Polymerase (Promega), and 2 pL
genomic DNA per sample were used.

PCR program (the same for all performed SSP-PCR):

+ 94°C 300", 6 cycles (94°C 30", 67°C 40” —0.5°C/cycle, 72°C
110”), 27 cycles (94°C 307, 64°C 40”, 72°C 110”),1 hold 72°C
1207

Additional screening was performed for antigens Aua

(LU18), Aub (LU19), KCAM (KN9), KDAS (KN10), and Yka
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(KNs) named “AKY” (6 polymorphisms). Primers are listed
in Supplementary Content, Table SII.

SSP-PCRs were carried out in 16 uL reactions using the
following conditions:

1.ox buffer (Promega), 4.17 mM MgCl (Promega), 0.2
mM dNTPs (Thermo Fisher), 0.2-0.64 pM gene specific
primers, 0.25 uM 1kb internal control primers, 0.52 units
GoTaq G2 Flexi Polymerase (Promega), and 2 uL genomic
DNA per sample was used.

PCR products from both reactions were separated by gel
electrophoresis using 1.5% agarose gel in TBE, stained
with SYBR-Safe DNA Gel Stain (Invitrogen, Waltham,
MA, USA).

Statistical analysis

Statistical calculations were performed using the “N-17 x*
test, as recommended by Campbell (2007) and Richardson
(2011), using MedCalc (Version 20.027) software (MedCalc
Software Ltd, Ostend, Belgium).

For original data, please contact the Corresponding
Author.

RESULTS

A total number of 1,307 patients of African (group A=290)
and Caucasian (group B=1,017) origin were genotyped for
expression patterns with 63 different primer pairs. Out
of these, 224 from group A and 272 from group B were
typed with the primer set “AKY” for 5 additional antigens.
Table I and Table II present allele frequencies of group
A samples compared to allele frequencies of group B
samples.

No significant differences were observed for LU1, LU2,
LUS8 and LU14, K11 and K17, DI1, DI2, DI3 and DI4, YT1and
YT2, SC1 and SC2, CO1 and CO2, LW5 and LW7, CH/RG,
IN1and IN2, JR1and VELI1.

Rh blood group system
showed a 5.52%
RHD-pseudogene (D-psi), compared to 0.093% (1 of 1,017)

Group A samples presence of
of Caucasian donor samples (Group B).

Marked differences in frequency were observed with
regard totheC, ¢, E, and CV antigens among the two ethnic
groups. Positivity rates of 17.93% in group A and 67.42%
in group B for C (RH2) and 96.21% (group A) and 80.04%
(group B) for ¢ (RH4) were found. The single nucleotide
polymorphism (SNP) for E (RH3) was detected in 9.66%

of group A samples and 23.40% of group B, whereas
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comparable rates for the antigen e (RHs) were obtained
in both groups. The SNP for the antigen C* (RH8) antigen
was not found in group A; however, it was detected in
3.74% of group B subjects.

Duffy

Frequencies of the Duffy alleles for group B are 65.88%
and 78.56% for FY1 and FY2, respectively, with predicted
phenotype frequencies of 0.20% Fy(a—b-), 44.64% Fy(a+b+),
33.92% Fy(a—b+), and 21.24% Fy(a+b-). In contrast, in group
A samples, the FY® allele reached a frequency as high
as 89.66% with rates of 9.66% for FY1 and 15.86% for FY2,
which results in predicted phenotypes of 78.28% Fy(a-b-),
3.79% Fy(a+b+), 12.07% Fy(a—b+), and 5.86% Fy(a+b-).

Knops and high-frequency antigens

Further differences were observed in the Knops blood
group system, such as the KN4 (SI) allele with positive
rates of 99.90% in group B and in 67.24% of group A. In
addition, the SNP for KN3 (McC? was detected in 100%
of group B samples and was absent in 3.10% of group A.
The SNP for KN1 (Kn*) was detected at high frequencies in
both groups.

Moreover, different frequencies for the SNP for KCAM
(41.52% group A, 93.38% group B) and the antithetical
antigen KDAS (86.61% group A, 52.57% group B) were
observed. KNs (Yk®) differs slightly between the groups
and was less common in group B (93.75 vs 98.21%). Within
the Kell system, the KEL1 (K) allele was more prevalent
in group B (10.13%) than in group A (1.72%). The KEL2 (k)
negative genotype was not detected in group A but found
in 1.18% of group B individuals. KEL6 (Js*) was practically
absent in group B (0.20%) but found in 12.41% of group A
samples. The antithetical KEL7 (Js® is considered a high
frequency antigen in both populations, with 100% positive
in group B and 99.31% in group A.

MNSs

The two groups showed similar frequencies of most of
the tested alleles of the MNS blood group system. The M
(MNS1) allele was found in 72.41% of group A and 77.97%
of group B samples. The N (MNS2) allele had similar
frequencies with 76.90% group A and 71.29% group B
samples. The s (MNS4) allele was detected in 89.66%
(group A) and 88.99% (group B). Some difference was
seen regarding the allele frequency for S (MNS3; 32.07%
in group A and 49.16% in group B) and the allele referring



Table I - Allele frequencies of antigens with relevant differences between group A and group B

Antigens Positive - group A Positive - group B % difference
N=290 N=1,017
RH
D-psi 5.52% 0.10% 5.42% (p<0.0001)
C (RH2) 17.93% 67.42% 49.49% (p<0.0001)
c (RH4) 96.21% 80.04% 16.17% (p<0.0001)
E (RH3) 9.66% 23.40% 13.74% (p<0.0001)
e (RH5) 98.97% 97.25% 1.72% (p=0.0894)
C"(RHS) 0.00% 3.74% 3.74% (p=0.0008)
FY
FY1 (Fy?) 9.66% 65.88% 56.22% (p<0.0001)
FY2 (Fy®) 15.86% 78.56% 62.70% (p<0.0001)
FY Es 89.66% 1.57% 88.09% (p<0.0001)
Predicted Fy phenotype frequencies
Fya+b+ 3.79% 44.64% 40.85% (p<0.0001)
Fya+b- 5.86% 21.24% 15.38% (p<0.0001)
Fya-b+ 12.07% 33.92% 21.85% (p<0.0001)
Fynull 78.28% 0.20% 78.08% (p<0.0001)
KN
KN1 (Kn?) 99.66% 99,31% 0.35% (p=0.5005)
KN3 (McC?) 96.90% 100.00% 3.10% (p<0.0001)
KN4 (SI2) 67.24% 99.90% 32.66% (p<0.0001)
KEL
KEL1 (K) 1.72% 10.13% 8.41% (p<0.0001)
KEL2 (K) 100.00% 98.82% 1.18% (p =0.0632)
KEL (Kp?) 0.34% 2.78% 2.44% (p=0.0133)
KEL (Kp®) 100.00% 99.89% 0.11% (p=0.5722)
KELS6 (Js?) 12.41% 0.20% 12.21% (p<0.0001)
KEL7 (Js?) 99.31 100.00% 0.69% (p=0.0080)
MNS - GYPA, GYPB
MNS1 (M) 72.41% 77.97% 5.56% (p=0.0482)
MNS2 (N) 76.90% 71.29% 5.61% (p=0.0591)
MNS3 (S) 32.07% 49.16% 17.09% (p<0.0001)
MNS4 (s) 89.66% 88.99% 0.67% (p=0.7464)
MNSS5 (U) 97.59% 100.00% 2.41% (p<0.0001)
U+ 1.03% 0.00% 1.03% (p=0.0012)
U negative 1.38% 0.00% 1.38%(p=0.0002)
DO
DO1 (Doa) 42.07% 62.14% 20.07% (p< 0.0001)
DO2 (Dob) 90.00% 84.76% 5.24% (p=0.0237)
DO4 (Hy) 98.97% 100.00% 1.03% (p=0.0012)
DO5 (Joa) 100.00% 100.00%
JK
JK1(Jka) 97.76% 71.78% 25.98% (p<0.0001)
JK2 (Jkb) 50.00% 74.14% 24.14% (p<0.0001)
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Table I1 - Additionally typed antigens in Knops and Lutheran system

Antigens Positive Positive % difference
group A group B
n=224 n=272

KN

KN5 (Yka) 98.21% 93.75% 4.46% (p=0.0142)
KN9 (KCAM) 41.52% 93.38% 51.86% (p<0.0001)
KN10 (KDAS) 86.61% 52.57% 34.04% (p<0.0001)
LU

LU18 (Au?) 80.80% 93.75% 12.95% (p<0.0001)
LU19 (Au®) 65.63% 53.68% 11.95% (p=0.0071)

to the expression of the antigen U (MNSs). The allele was
found in 100% of individuals in group B but was absent in
1.38%, and variant in 1.03% of group A samples.

Dombrock

In the Dombrock blood group system, a predominance
of the Do® (DO2) allele in the samples in both groups was
observed (90.00% in group A and 84.76% in group B). The
Do?(DO1) allele was detected in 42.07% of group A samples
and of 62.14% of group B samples.

Kidd

Interestingly, differences were also identified regarding
the Kidd blood group system, with positivity rates of
97.76% (group A) and 71.78% (group B) for Jk* (JK1) and
50.00% (group A) and 74.14% (group B) for Jk® (JK2).

DISCUSSION

Our results indicate significant differences in antigen
frequencies between African patients and the European
donor population, in particular with regard to the MNS,
Dufty, Knops, and Rh systems. Some rare blood types
were found exclusively in the African patient group, for
example, Fy ., Js" negative, and U negative. The Fy* and
Fy® antigens are especially relevant, as these are almost
always expressed amongst individuals of most ethnicities
while the Fy _ phenotype is exceedingly rare. The Fy_,
phenotype was present in 78.28% of African patients
typed in this study, which could potentially result in the
formation of anti-Fy3. As a result of the mismatch between
donor and patient populations, some blood centers have
developed guidelinesbywhich Fy  patientsare preferably
transfused with Fy* negative blood to prevent or minimize
alloimmunization®. Therefore, the importance of broad
donor typing and prophylactic matching is highlighted,
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especially given that 65.88% of our group B samples (donor
population) expresses the Fy* antigen. Nevertheless, most
transfusion services will experience major problems in
providing suitable packed red blood cells for patients with
anti-Fy3 or other antibody specificities against HFAs, as
compatible blood can only be found in donors of African
origin.

Patients and potential donors of African origin should
receive extended typing in order to identify rare blood
types; this should include high prevalence antigens.
Ideally, this should be performed genetically, as serologic
methods are limited by high cost and the restricted
availability of antisera. These data can also be used
for prophylactic antigen matching, to help identify
alloantibodies, and assist in the search for antigen-
negative blood for antibody carriers.

It is vital that national blood centers develop and
implement strategies to encourage donations from ethnic
minorities. Onceagain, thisemphasizes the need to actively
recruit and maintain donors of African origin®263°.
However, transfusion services will have to overcome
several challenges before admitting potential donors of
African origin to the donor population. These include
the stipulation of national exclusion criteria or policies
related to malaria, as well as the modification of testing
algorithms, as these populations tend to have significantly
higher rates of infectious diseases. We agree with
Berzuini et al. that the proposed extensive testing for
malaria, Hepatitis B core antibody (Anti-HBc), and for
the exclusion of hemoglobinopathies in this donor group
would be appropriate®.

Malaria testing can be extremely challenging as there
is still no gold standard available. In an Italian study,
up to 72% of potential donors of African origin tested
positive for malarial antibodies. Asymptomatic,
semi-immune donors pose a substantial risk for
indeed, Assennato
et al. were able to detect plasmodial DNA in 3.6% of the
antibody carriers®. However, chronic infection with

transfusion-transmitted malaria;

parasitemia, especially with P. ovale and P. malariae, in the
at risk population can be missed by malaria antibody tests
that use P. falciparum and P. vivax antigens as targets®>®.

Some countries like the UK, Denmark, Finland, and New
Zealand have selective malaria antibody screening in
combination with nucleic acid amplification testing (NAT)



in place to allow such donors to donate. Other countries
such as Norway and Spain use selective testing for
malaria antibodies to accept new donors or to reduce the
deferral time. In Brazil, a malarial testing algorithm was
implemented for middle- and low-risk donors of endemic
regions***.

Rare blood banks need to develop protocols and policies
on how rare donors and the respective rare blood units,
with either positive malaria antibodies or isolated anti-
HBc positivity, are managed?®.

To optimize the blood supply for anti-HFA antibody
carriers, the (cryo)storage and distribution of rare blood
units through national and international rare blood banks
is once again highly recommended®. In Europe, African
donor blood is often rare; therefore, centralization of rare
donor databanks, storage of red blood units, and possibly
even antibody identification in these centers can assist
national and internal collaboration, particularly when
blood units are required urgently.

Antigen variability between ethnic groups can also be
challenging with regards to antibody screening and
identification. A handful of countries have customized
their routine testing algorithm, due to differences in
antigen frequencies and consequently in alloantibodies,
in order to fulfil the needs of their population®**. As
such, some manufacturers offer specific red cell antibody
screening panels that cater for certain populations.
Therefore, extended typing of red blood cells from patients
with African origin and collection thereof for antibody
identification is especially important for reference
laboratories.

CONCLUSIONS

The data obtained from this study, proves once again
that there is a great need for donors who match the
patient population. This is especially true for chronically
transfused patients. We are still unable to provide a 100%
match between patients and donors, and the formation of
alloantibodies will remain a transfusion-associated risk
until this can be achieved.

Transfusion services should take additional measures in
order to establish state-of-the-art blood supply in countries
that face these challenges of global migration, or at least
form collaborations with national or international services
and reference laboratories that can provide support.
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