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Abstract: Introduction. Blood group antigens as integrated parts of the red
cell membrane have many essential functions for the cell as well as for the organism,
but they are recognized as unique antigens for the purpose of safe blood transfusion.
Especially in the case of those with great clinical importance because of their invol-
vement in haemolytic transfusion reactions and hemolytic disease of the newborn, it is
very important that they be correctly, and some of them routinely, typed in blood donors
as well as in patients.

Aim. Evaluation of Rh and Kell blood group antigen frequencies in blood
donors as well as the incidence of alloimmunization in transfused patients in the
Macedonian population. The need for routine typing of certain blood group antigens in
addition to ABO and RhD was also evaluated.

Material and method. We evaluated data from 1600 ABO/Rh and Kell typed
blood donors (from January 2003 to May 2008), as well as the data from pretransfusion
testing (ABO/RhD blood typing, irregular red blood cell antibody screening and
compatibility testing) and antibody identification in the period from January 2005 to
November 2008. All tests were performed by the DiaMed micro tube gel system.

Results. The frequencies of ABO antigens were as follows: A (39.7%), O
(38%), B (14.1%), AB (7.4%). The frequencies of Rh antigens were as follows: D pos.
(84.2%), D neg. (15.8%), C (58.3%), c (82.4%), E (21.3%), e (97.1%). We found the
following frequencies of Kell phenotypes: K+ k- (0.25%), K+ k+ (6.18%), and K- k+
(93.6%) with the total frequency of K antigen of 6.4%. Antibody screening and/or
cross-match were positive in the sera from 150 transfused patients. In 75 (50%) sera the
following 81 antibodies were identified: anti-K (26), -E (25), -e (1), -C (4), -c (6), -C*
(), -k (1), -Fy * (3), -Fy (1), -JK* (3), -Lu® (1), -Le® (2), -Le® (1), -M (4), -P1 (1). The
most frequent alloantibody was anti-K with 32%, and anti-E with 30.8% of all identified
antibodies.
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Conclusion. Alloimmunization to red cell antigens is still a current problem in
our transfusion practice. It is obvious that the additional testing of blood donors for Rh
and Kell antigens should be implemented as a routine to prevent as far as possible the
incidence of alloimmunization. It would also be cost-effective, bearing in mind the
additional laboratory testing necessary to provide compatible blood for alloimmunized
patients. Extended blood typing should be implemented for some categories of poly-
transfused patients as well. This strategy is another step forward to improve the safety
of blood transfusion with optimal blood grouping.

Key words: Kell phenotypes frequency, alloimmunization, blood grouping, safe
transfusion.

Introduction

The differences in human blood are due to the presence or absence of
certain protein molecules called antigens and antibodies. The antigens are
located on the surface of the red blood cells and the antibodies are in the blood
plasma. Individuals have different types and combinations of these molecules.
The blood group you belong to depends on what you have inherited from your
parents.

The International Society of Blood Transfusion (ISBT) recognizes over
300 (302) red cell surface antigenic determinants; most of these (about 285)
belong to one of 29 blood group systems. Each blood group system represents a
single gene or cluster of 2 or 3 closely-linked homologous genes of related se-
quence and with little or no recognized recombination occurring between them,
giving a total of 34 gene loci. There are 4 categories of blood group antigens:
blood group systems (262 antigens in 29 blood group systems); collections (12
antigens); 700 series (19 antigens); 901 series (9 antigens) [1, 2].

Blood group antigens as integrated parts of the red cell membrane have
many essential functions for the cell as well as for the organism (membrane
transporters and protein canals, ligand receptors, adhesion molecules, enzymes,
structural proteins) as well as different biochemical composition. For example:
A, B and H (ABO system) are oligosaccharides; D, C, ¢, E, e, C" (Rh system)
are proteins, M, N, S, s (MNS system) are syaloglicoproteins; K, k, Js*, J s°, Kp®,
Kp® (Kell system), Fy*, Fy® (Duffy system), Lu®, Lu® (Lutheran system) are
glycoprotein; Jk* and Jk® antigens (Kidd system) are proteins and P1 antigen (P
system) is glucolipid [3].

Blood group antigens are recognized as unique antigens for the purpose
of safe blood transfusion, foeto-maternal blood group incompatibility and the
haemolytic disease of the newborn, and later to meet the needs of the trans-
plantation practice, etc. ABO is the original blood group system first discovered
by the Nobel Laureate Karl Landsteiner, who was involved in the discovery of
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both the ABO and Rh blood groups. The ABO and Rh systems are the most
important ones used for blood transfusions. Not all blood groups are compatible
with each other. Mixing incompatible blood groups leads to blood clumping or
agglutination, which is dangerous for individuals (haemolytic transfusion reac-
tions and haemolytic disease of the newborn) [1, 4].

According to the Guidelines for BT Services in the UK, mandatory tests
of blood donation (red cell immunohaematology) are: 1. The ABO blood group
must be determined on each blood donation as well as antibody screening; in
the case of a donor whose ABO blood group is unknown to the test centre, e.g. a
first-time donor, the ABO blood group must be determined by testing the
plasma/serum with group Al, and B red cells. The red cells of the donation
must be tested twice with anti-A and anti-B as a minimum. The ABO group can
only be accepted if the results are in agreement; 2. The D blood group must be
determined on each donation of blood; in the testing of donors being grouped
for the first time, two anti-D blood grouping reagents should be used capable of
detecting between them D", DV and D" antigens. If two monoclonal anti-Ds
are used, they should be from different clones. 3. Routine antibody screening:
all donations must be tested for the presence of red cell antibodies. This is
achieved by testing the donor's serum or plasma using a validated technique
capable of detecting anti-D at 0.5 [U/mL or lower. As for additional testing, it
should be mentioned that phenotyping beside ABO/RhD is not mandatory but
an additional extended phenotyping which includes RhC, E, c, ¢ and K antigens
as well as other specificities if necessary [5].

The Council of Europe also recommends ABO/RhD typing and antibody
screening on every first donation as mandatory tests. Antibody screening is an
additional test only if the donor has a transfusion or pregnancy record in the
period since the last donation. Extended phenotyping is also an additional test [6].

Considering the safety of blood transfusion and optimal blood testing we
must bear in mind mandatory as well as additional blood typing tests which
include antigens with great clinical importance involved in adverse immunologic
reactions to transfusion. Because of this, the proper selection of mandatory and
additional blood grouping tests and their correct performance and interpretation
(validated techniques) in blood donors as well as in patients is very important.
Besides the worldwide recommendations (CE or others), the decisionnas to what
to test should be made, bearing in mind the local needs based on the local
antigenic profile and pathology of the population, is also of great importance.

Material and method

We evaluated data from 1600 ABO/Rh (D, C, E, ¢, e) and Kell typed
voluntary blood donors in the period from January 2003 to May 2008. ABO and
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RhD testing was performed by tube test and by micro-plate technique (de-
pending what was available at the time). RhC, ¢, E, e and K antigen typing was
performed by the Micro Typing System column agglutination technique. We
used an automated technique for donor tests.

We also evaluated the data from patient pre-transfusion testing
(ABO/RhD blood-typing, irregular red blood cell antibody screening and com-
patibility testing), antibody identification, additional blood group typing and
direct antiglobulin test (DAT) in the period from January 2005 to November
2008. Of 150 transfused patients with positive antibody screen and /or cross-
match 108 (78%) were female and 42 (28%) were male. All tests for the pa-
tients were performed manually on corresponding ID-cards by the DiaMed ID-
Micro Typing System.

Results

The frequencies of ABO antigens in blood donors were as follows: A
(39.7%), O (38%), B (14.1%), AB (7.4%).The frequencies of Rh antigens were as
follows: D pos. (84.2%), D neg. (15.8%), C (58.3%), ¢ (82.4%), E (21.3%), ¢
(97.1%) (Table 1). We found the following frequencies of Kell phenotypes: K+ k-
(0.25%), K+ k+ (6.18%), K- k+ (93.6%). The total frequency of K antigen was
6.4% (Table 2). Antibody screening and/or cross-match were positive in the sera
from 150 transfused patients. In 75 (50%) sera the following 81 antibodies were
identified: anti-K (26), -E (25), -¢ (1), -C (4), ¢ (6), -C" (2), -k (1), -Fy*(3), -Fy"
(1), -JK* (3), -Lu® (1), -Le® (2), -Le* (1), -M (4), -P1 (1). The most frequent
alloantibodies were anti-K with 32%, and anti-E with 30.8% of all identified
antibodies (Table 3). There were 6 sera with the presence of multiple antibodies:
3 (anti-K + E), 1 (anti-C + ¢), 1 (anti-E + C") and 1 serum containing anti-E, + C"
+ c. All of the 75 transfused patients were antigen negative for the corresponding
alloantibody. The DAT and the auto control were also negative excluding the
presence of autoantibodies. 16 (21.3%) of the patients with identified irregular
antibodies were male and 59 (78.6%) were female.

Table 1 — Tabemna 1

Frequencies of D, C, ¢, E, e antigens in blood donors
Opexsenyuu na D, C, ¢, E, e anTurenuTe kaj kpsooapu TenuTe

Antigen Frequency (%)
D 84.2%
C 58.3%
c 82.4%
E 21.3%
e 97.1%
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Table 2 — Tabemna 2

Frequency of Kell system phenotypes in blood donors
Dpexgenyuu Ha eno TunosuTe na Kell cuc Temo T xaj kpsodapu Tenu Te

Phenotype Frequency (%)
(K+k-) 0.25
(K+ k+) 6.18
(K- k+) 93.6

Table 3 — Tabena 3

Frequencies of specific alloantibodies in patients
Dpexsenyuu na cleyuduynu aroan TuTend Kaj mayueH T

Specificity Antibodies detected Found in combination
No (%)
anti-K 26 (32) 3 (+ anti-E)
2 (+ anti-D)
anti-E 25 (30.8) 3 (+ anti-K)
1 (+ anti-C" +¢)
Anti-c 6(7.4) 1 (+ anti-E + CY)
Anti-C"¥ 2(24) 1 (+ anti-E)
1 (+ anti-c + E)
Anti-C 4 (5 1 (+ anti-e)
Anti-e 1(1.2) 1 (+ anti-C)
Anti-Jk* 33.7)
Anti-Fy* 337
Anti-Fy® 1(1.2)
Anti-M 4 (5
Anti-P1 1(1.2)
Anti-Le” 1(1.2)
Anti-Le® 2(2.4)
Anti-Lu" 1(1.2)
Anti-k 1(1.2)
Total 81
Discussion

The frequencies of ABO, RhD, C, E, c, e antigens in our group of typed
blood donors are not significantly different in comparison with other white race
populations, except for the RhC and RhE antigens that are not lower (not sig-
nificantly) in the Macedonian population than in English blood donors. Ho-
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wever, the frequency of Kell (KEL1) antigen is significantly lower (6.4%) in
comparison with about 9% in Northern Europeans [1, 7].

In our Institution, the mandatory tests for blood donations concerning
red cell immunohaematology at present are: ABO (forward and reverse typing),
RhD typing (two monoclonal sera), antibody screening with antihuman globulin
(AHG), as well as test for D weak which includes AHG for first-time donors.
Antibody screening is performed on every donation. An automated test system
for mandatory tests is in use. Routine typing for A; and A, phenotypes of A and
AB blood group has been abandoned since August 2008. In accordance with the
National Guidelines. Routine typing for other Rh (C, ¢, E, e), Kell or other
antigens is not performed. They are performed as additional tests when
necessary. The patients are also routinely typed for ABO and RhD antigen only.
Antibody screening is not performed on a regular basis. Pretransfusion testing
consists of ABO/RhD typing and compatibility testing ("Type and cross-match
[x] number of units").

The average annual number of compatibility tests is 19,576 and the
average number of patients receiving blood transfusion (erythrocyte concen-
trates) is about 10,000 per year. the estimated X-M versus transfused units ratio
is about 2, so the rate of alloimunization in the above-mentioned period was
almost 1%. We consider that this number is much higher because antibody scre-
ening is not performed routinely in transfused patients as a “type and screen”
procedure, so irregular antibodies are only detected if the compatibility test is
positive.

Among the most common risks of red-blood cell (RBC) transfusion is
the development of RBC alloantibodies. The incidence of RBC alloimmuniza-
tion is not insignificant, ranging from 4% to as high as 60% in some patient
populations [8, 9]. Clinically, RBC alloimmunization can result in delays in
patient care, haemolytic transfusion reactions, haemolytic disease of the foetus
and newborn and possibly increased morbidity following organ transplantation
[10]. In addition, RBC alloimmunization has a significant negative impact on
laboratory and institutional resources associated with a need for increased
laboratory testing, difficulties in identification and procurement of compatible
blood units for transfusion, obstetrical management, and with the evaluation and
management of transfusion reactions. Proposals to minimize RBC alloimmu-
nization through extended antigen matching for all patients are logistically
impractical and would add significant costs to the health care system [11].

Despite the advances achieved by modern transfusion practice, as well
as improvement in the diagnostic tests, haemolytic transfusion reactions (HTR)
remain the most common cause of immediate life-threatening events associated
with transfusion. Delayed haemolytic transfusion reactions (DHTR) were diag-
nosed with a frequency of 1 per 4,000 units of whole blood or erythrocytes
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transfused, which represents an increased frequency [12]. The later studies
showed that the incidence of DHTR is 1 per 12,000 [13]. According to the an-
nual report (2004) for EHA (European Haemovigilance Network) from France,
the overall risk to transfusion was 1: 163,910 labile blood products. There were
1216 case reports of alloimmunization following red blood cell transfusion with
the risk of 1: 1,890 labile blood products. The haemovigilance network from
Spain reported 52 (3.5%) cases of DHTR from a total of 1,500 adverse reactions
to transfusion for 2006 [14].

The SHOT (Serious Hazards of Transfusion) report for the period from
1996 to 2007 showed the following data: out of 4,335 reported cases, 534
(12.3%) were due to ATR (acute transfusion reactions) and 342 (7.93%) were
due to DHTR. According to the SHOT report for 2007, the incidence of HTR in
the UK was 1 in 19,600 units of red blood cell (RBC), 4.1% of all adverse reac-
tions. Recent data in the US (E. Kardon, e-medicine haematology, Transfusion
reactions, 2008) showed the incidence of HTR as 1 in 40,000 transfused units
of RBC [15].

The alloimmunization to red cell antigens and HTR is still an actual
problem in our transfusion practice.

Total prevention of all haemolytic transfusion reactions is unrealistic,
because current immunohaematological methods of testing are not sensitive
enough to detect all antigens and antibodies or to predict an anamnestic res-
ponse. Prevention is further hampered by unfortunate and frequently avoidable
human errors. Errors at any stage of performing the tests for ABO/RhD grou-
ping on donor and patient, antibody screening and compatibility testing can lead
to incompatible or inappropriate blood transfusion. The implementation of a
quality management system should help to reduce the number of technical and
procedural errors made in the laboratory.

Bearing in mind that the K (KELT1) is a low frequency antigen, and the
E (RH3) has the lowest frequency of the clinically most important Rh antigens,
we found the highest rate of corresponding alloantibodies in our group of
transfused patients. According to the data, the routine Rh and Kell typing for
blood donors (which is not performed routinely) and for polytransfused patients
(only performed when compatible blood is to be found) is necessary to prevent
alloimmunization and improve the safety of blood transfusion.

Conclusion
Alloimmunization to red cell antigens is still an actual problem in our

transfusion practice. It is obvious that the additional testing of blood donors for
Rh and Kell antigens as a routine should be implemented to prevent as far as
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possible the incidence of alloimmunization. It would also be cost-effective, bea-
ring in mind the additional laboratory testing necessary to provide compatible
blood for alloimmunized patients. Extended blood typing should be imple-
mented for some categories of polytransfused patients as well. This strategy is
another step forward to improve the safety of blood transfusion with optimal
blood grouping.
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Pe3ume

BE3BETHA TPAHC®Y3UJA HA KPB CO OIITUMAJIHA
KPBHOIPYIIHA TUIIN3AIINJA U1 JETEKIINJA
HA AHTUEPUTPOIIMTHU AHTUTEJIA

Makaposcka-bojayuesa T., biaaroescka M., Konescku I1., Kocroscka C.

HHnciuuitiyiu 3a iupancgysuona meouyuna, Croiije, P. Makeoonuja

Bogeo. KpBHOTpYHHATE aHTHTEHHN IPETCTAaByBaaT COCTABEH Jie HA €pu-
TpouMTHATa MeMOpaHa M KakKO TaKBU MMaaT OpOjHM 3HAuajHU (PYHKIUU KaKO 3a
camaTa KJIeTKa Taka M 3a OPraHu3MOT BO meijocT. Kako moceGHM GMOXEMCKH U
AHTUTEeHCKYU CTPYKTYPH Ce OTKPUEHU U MPENO3HaTH 3a MOoTpedbuTe Ha 6e30eqHara
TpaHcdy3uja Ha KpB. OBa 0cOOEHO ce OfHecyBa HAa aHTUTEHUTE KOW MMaat To-
JIeMO KJIMHUYKO 3HaYeH¢ NOopajy HUBHATA yIIOra BO HECaKaHWUTE TPaHC(Y3UCKH
peakIyy, XeMOJIUTHIKATa GOJIECT Ha HOBOPOJICHOTO M MOTpeOuTe Ha TKUBHATA 1
OopraHcKaTa TpaHCIJIaHTaIyja.

Llea. EBanyanuja Ha ABO, Rh u Kell KpBHOrpyIHUTE aHTUTEHCKU (PpeK-
BEHIUM Kaj JapuTejuTe Ha KpB, KakKo U eBajlyalldja Ha IojaBaTa Ha aJlOUMYy-
HHU3alija KOH UCTUTE Kaj TpaHc(yHAUpaHuTe nanueHTu. [loTpedara of pyTUHCKA
TUNM3alKja Ha OfpefieH! KPBHOTPYIHU aHTUreHu nokpaj ABO u RhD ucto Taka
Oelle MpeMET Ha UCIIUTYBAKETO.

Maitiepujan u mettioou. bea eBanyupanu noparonure on 1600 KpBoma-
putenu tunmsupanu Ha ABO/Rh u Kell anturennte (of janyapu 2003 mo maj 2008
rof.), IMOaTOKUTe Off MpeTTpaHc(y3uckoTo Tecruparbe (ABO/RhD Tunmsarmja,
[eTeKIja Ha MPETyJIapHN aHTHUCPUTPOLUTHH AHTHTEJIA W TECTOBH Ha KOMIIa-
THOMJIHOCT-WHTEPPEaKIija) W NONaTONUTE 32 MACHTU(MDUIUPAHATE aJTOAHTHTEIA
co kKoHkpeTrHa crnenuduyarocTt (ox janyapu 2005 go HoemBpu 2008 rom.). Cure
TECTOBM Oeca W3BEACHH CO MUKPOArJIyTHHApAvyKaTa TEXHHKA Ha MHUKPOTel
kaptnuku (DiaMed).

IIpunosn, Opx. 6uon. men. Hayku, XXX/1 (2009), 119-128



128 Markovska-Bojadzieva T., Blagoevska M. et al.

Pezyaiuaiuu. Ppexsennunre Ha ABO anTHreHuTe n3Hecysaart: A (39,7%),
0O (38%), B (14,1%), AB (7.4%). ®pexkBennuute Ha Rh anTUrenure ce cneguuse: D
no3utuBHA (84.2%), D HeratuBHm (15,8%), C (58,3%), ¢ (82,4%), E (21,3%), e
(97,1%). bea moOwenn cnemamBe (ppekBeHuyu Ha Kell ¢enorunoBute: K+ k-
(0,25%), K+ k+ (6,18%), m K- k+ (93,6%) co camocTtojna ¢ppekBennuja Ha K (KEL1)
aHTHUTeHOT Off 6.4%. JleTexumjaTa Ha aHTUTEJA W/IIIN TECTOT HA KOMIATHOUITHOCT
Gea mo3uTUBHEU BO cepymute Ha 150 Tpanchyunupanu nanuenta. Kaj 75 (50%)
OJl UCIUTYBaHUTE cepymu 6ea uneHTugunupanu 81 antureno: anti-K (26), -E (25),
-e (1), -C (4), -c (6), -C™ (2), k (1), -Fy *(3), -Fy" (1), -JK* (3), -Lu® (1), -Le" (2), -Le*
(1), -M (4), -P1 (1). On cure upeHTU(UIMPAHU aHTUTEJNA, HAjTOJIEMa YeCTOTa
nmokaxka ajoanTuTeaoTo anti-K co 32%, u anti-E co 30,8%.

3axayuok. AOUMyHU3alUjaTa KOH €PUTPOLUTHUTE AaHTUICHHU € CE YIITe
aKTyeJeH IpoblieM BO HallaTa TpaHcy3ucKa mpakTuka. IToTpeGHO € BoBefy-
Bam€ HA JONOJHUTEIHA PYyTHHCKA TUNHU3allUja Kaj KpBOapUTeNnuTe, 1 Toa Ha Rh
u Kell anTurenute. BakBiHoT 06eM Ha UMyHOXEMAaTOJIOILIKO TeCTUpamke Ha KPBTa
UCTOBPEMEHO € ¥ PALUOHANHO M UCIJIATINBO MMAjKU T'U MPEABUA AOMOJHUTEN-
HHUTe Ja60paTOPUCKU TECTOBH U NMPOAOJIKEHOTO UYEKaHke HA CEH3UOUITN3UPAHUTE
HanyueHTu 3a o6e30efyBame Ha KOMNATHOMIHA KpB. [IpolpeHo KpBHOTPYIHO
TUNM3Upamke Tpeba Jla ce BOBE[E U 32 HEKOM KaTEeropuu MOIUTPAHC(YHAUPAHU
nanueHTu. BakBaTa crTpareruja e ymTe efeH 4eKOp KOH 3rojlieMyBame Ha 0e3-
GegHOCTa Ha KpBHATa TpaHc(y3uja co ONTUMAIHO KPBHOTPYITHO THUNU3HUPAE.

Knyunn 360poBu: Ppeksenuyja Ha Kell peHOTHIOBH, amonMyHH3aLyja, KPBHO-
rpylHa Tunu3anuja, 6e3oenHa Tpancdysuja.
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