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ABSTRACT

Blood transfusions are often an important component of medical care for many patients. We studied the
differences between classical phenotyping and compared the results with the RBC genotyping using the Beadchip
technology. There were 40 patient specimens involved in this study. It was co ncluded that the RBC genotyping is
the far superior and accurate method to provide the best transfusion care to patients.

INTRODUCTION

Blood transfusions are an essential medical procedure for
many patients. A blood transfusion occurs in the U.S.
every two seconds. (Jefferson M. Jones, 2022) Blood
carries oxygen and nutrients to living cells and takes
away their waste products. It also delivers immune cells
to fight infections and contains platelets that can form a
plug in a damaged blood vessel to prevent blood loss.
(Dean L., 2005) In patients over the age of 64,
transfusion of blood and blood products ranks as the
second most common procedure performed in U.S.
hospitals. For patients between the ages of 45-64, it is the
fifth most common procedure. Overall, transfusion of
blood and blood products occurs in 3.5-5.1 percent of
hospital stays, depending on patient age group. (Kamille
A. West, 2016) Fresh whole blood has always been
thought of as the standard for transfusion. Modern
medical advancements have allowed the efficient use of
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The detection of blood group antigens is essential in
transfusion practice to prevent alloimmunization. Blood
group systems are characterized by the presence or
absence of antigens on the surface of erythrocytes and
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the different components of whole blood, such as red
blood cells (RBCs), individual factor concentrates, fresh
frozen plasma (FFP), platelet concentrates, and
cryoprecipitate. (Lotterman S, 2022) For patients
receiving blood transfusions the collaboration between
laboratory and clinical medicine professionals, and
physicians from multiple specialties, such as pathology
and hematology is vital for the safety of the patient.
There can be adverse reactions to blood transfusions. The
most common signs and symptoms include fever, chills,
hives, and itching. Other symptoms may indicate a more
serious reaction, such as: respiratory distress, high fever,
hypotension, and hemoglobinuria. (Suddock JT, 2023)
Alloimmunization is defined as an immune response to
foreign antigens after exposure to genetically different
cells or tissues. It is one of the major complications of
regular blood transfusions, particularly in patients who
are chronically transfused. (Mota MA, 2013)
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are genetically distinct. Currently, there are 43 blood
group systems containing 345 antigens for human RBCs

recognized by the International Society of Blood
Transfusion. (Gassner C, 2022) The probability of an
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individual producing one or more anti-erythrocyte
antibodies is approximately 1% per unit of blood
transfused, and in chronically transfused patients the
alloimmunization rate may reach 50%. Blood typing by
antibody-based methods has been the standard for
determining ABO, Rh, and “extended” blood group
antigens present on red blood cells. The antigens
expressed on the red blood cell determine an individual's
blood group. The main two blood groups are called ABO
and classifies blood types as A, B, AB, and O in
conjunction with the Rh classification including Rh D-
positive or Rh D-negative blood types. (Dean L., 2005)
The Rh blood group includes the RHD and RHCE genes,
that are closely linked. The genes encode for 49 known
Rh antigens. (Dean L., 2005) Other blood group systems
tested in this study include the Kidd and Kell blood
groups. The Kell blood group system contains the third
most influential antigens following the ABO and Rh
groups respectively. (Dean L., 2005) The antibodies that
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L., 2005) The identification of these blood groups is vital
for treatment. The primary method of blood phenotyping
is blood agglutination or  hemagglutination.
Agglutination occurs when antibodies bind to specific
binding sites on antigens expressed on red blood cells
(RBCs). (Samae M, 2021) Hemagglutination has certain
limitations including: the patient’s red blood cell
antigens cannot be reliably phenotyped due to recent
history of receiving blood transfusion; there are prior or
significantly interfering drugs (such as anti-CDA47); it
cannot evaluate genetic changes such as partial antigens
that may explain alloantibodies but positive phenotyping;
and in rare cases when uncommon antibodies form and
antigen profiling beyond the common antigens
mentioned is required. (Reid ME, 2009) This work
explores the role of molecular blood typing techniques,
via the Beadchip technology, in reducing the risk of
alloimmunization, the potential for identifying
uncommon antigens in transplant cases, and decreasing

target these blood groups antigens can cause transfusion unnecessary usage of Rh prophylaxis in prenatal
reactions and hemolytic disease of the newborn. (Dean medicine.
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DNA samples from 40 multi-transfused patients
including thalassemia and sickle cell disease were used
for red blood cell genotyping. The genotyping will be
performed using the human erythrocyte antigen (HEA)
BeadChip™ system manufactured by BioArray
Solutions  (Immucor, Warren, NJ). The (HEA)
BeadChip™ system requires whole blood specimens
collected into EDTA anticoagulant tubes. The DNA from
these samples is extracted via the QlAamp DSP DNA
Blood Mini Kit (QIAGEN cat# 61104) following
manufacturer’s instructions for use. The extracted DNA
is then amplified via polymerase chain reaction (PCR).
Following multiplex PCR amplification, the DNA
requires two post-PCR processing measures: amplicon
clean-up and single-stranded target generation. The post-
PCR measures use Clean-up Reagent and Lambda
Exonuclease to produce a single-stranded DNA that are
incubated on the BeadChip array. The incubation on the
BeadChip array allows elongation of the DNA strand to
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combine fluorescently-labeled dNTP molecules only on
those probes where the 3’ end exactly matches the
annealed DNA. The BeadChip array holds a library of
individual bead types that contain all of the probes of
interest. Each probe is covalently bonded to a spectrally
distinguishable bead type thus allowing for the capturing
of fluorescent signals from individual beads
simultaneously. The BioArray Array Imaging System
determines the identity of the bead by the color of the
bead, its position in the array, and report the average
signal intensity, coefficient of variance standard
deviation of the intensities, and number of beads
measured for each type of probe. This information is
further analyzed by the HEA Analysis software in
BioArray Solutions Information System to generate
assay results. The results from the BeadChip genotyping
will be compared with previously determined
phenotyping results for RhD, RhCcEe, Kell, and Kidd by
hemagglutination method. (Paccapelo C, 2015).
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RESULTS

The result of the genotyping showed some discrepancies
between the results of the hemagglutination methods
among the patients. Out of the forty patients tested,
fifteen patients had discrepancies between genotyping
and phenotyping results in a total of 25 alleles. The
discrepancies occurred in all three phenotyping systems.

The charts below shows the Rh, Kell, and Kidd alleles
associated with the hemagglutination method for
phenotyping red blood cells. The highlighted numbers
show the alleles where discrepancies have occurred. In
12 patients, the discrepancies had the potential of
alloimmunization.

Rh System RhD+ RhD- Rh C+c— | Rh C+c+ | Rh C—c+ | Rh E+e— [ Rh E+e+ | Rh E—e+
RHD* + 31
Partial RHD* 2
RHD* - 5
RHCE*CC 3 2
RHCE*Cc 18
RHCE*cc 15
RHCE*EE 2 1
RHCE*Ee 10 1
RHCE*ee 2 22
Kell system K+k- K+k+ K—k+
KEL*01/KEL*01
KEL*01/KEL*02 3 1
KEL*02/KEL*02 34
Kidd system Jk(a+b-) | Jk(a+b+) | Jk(a—b+)
JK*01/JK*01 9
JK*01/JK*02 1 21
JK*02/JK*02 2 5
CONCLUSION for HDFN; and blood group typing of patients with

Blood transfusions are often an important component of
medical care for many patients. Currently, the gold-
standard for typing RBCs is hemagglutination in which
blood group systems are characterized by the presence or
absence of antigens on the surface of erythrocytes. The
use of PCR based assays in blood group genotyping has
vital importance in transfusion management of
chronically transfused patients. This method is especially
useful if the patients were not phenotyped prior to
starting the initial transfusions. The results showed
fifteen out of the 40 or 38% of patients had discrepancies
between genotyping and phenotyping results. From the
results of our study the RBC genotyping leads to more
specific results for the patients reducing potential for
alloimmunization. The use of RBC genotyping can have
provide future benefits in: Fetal DNA typing; Extensive
blood group typing of donors for alloimmunized patients;
determining the blood group of a recently transfused
patient; screening blood donors to find rare blood group
phenotypes; determining the frequency of blood group
polymorphisms in a population;
determining RHD zygosity for fathers of fetuses at risk
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autoimmune hemolytic anemia. Within our study of
these forty patients RBC genotyping is the far superior
and accurate method to provide the best transfusion care
to patients. (Westhoff, 2019)

REFERENCES

1. Jones JM, Sapiano MRP, Mowla S, Bota D, Berger
JJ, Basavaraju SV. Has the trend of declining blood
transfusions in the United States ended? Findings of
the 2019 National Blood Collection and Utilization
Survey. Transfusion, 2021 Sep; 61 Suppl 2(Suppl
2): S1-S10. doi: 10.1111/trf.16449. Epub 2021 Jun
24. PMID: 34165191; PMCID: PMC8943822.

2. Dean L. Blood Groups and Red Cell Antigens
[Internet]. Bethesda (MD): National Center for
Biotechnology Information (US), 2005. Chapter 1,
Blood and the cells it contains. Available from:
https://www.ncbi.nlm.nih.gov /books/NBK2263/

3. Kamille A. West, M. M. Trends in Hospitalizations
With a Red. Rockville: Healthcare Cost and
Utilization Project, 2016.

| 27


http://www.ejbps.com/

Ghazala et al.

10.

11.

12.

13.

www.ejbps.com

Lotterman S, Sharma S. Blood Transfusion.
[Updated 2022 Jun 25]. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing,
2023. Available from:
https://www.ncbi.nIm.nih.gov/books/NBK499824.
Suddock JT, Crookston KP. Transfusion Reactions.
[Updated 2022 Sep 11]. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing, 2023.
Available from:
https://www.ncbi.nlm.nih.gov/books/NBK482202/
Mota MA. Red cell and human leukocyte antigen
alloimmunization in  candidates for renal
transplantation: a reality. Rev Bras Hematol
Hemoter, 2013; 35(3): 160-1. doi: 10.5581/1516-
8484.20130046. PMID: 23904801; PMCID:
PMC3728124.

Gassner C, Castilho L, Chen Q, Clausen FB,
Denomme GA, Flegel WA, Gleadall N, Hellberg A,
Ji Y, Keller MA, Lane WJ, Ligthart P, Lomas-
Francis C, Nogues N, Olsson ML, Peyrard T, Storry
JR, Tani Y, Thornton N, van der Schoot E,
Veldhuisen B, Wagner F, Weinstock C, Wendel S,
Westhoff C, Yahalom V, Hyland CA. International
Society of Blood Transfusion Working Party on Red
Cell  Immunogenetics and Blood  Group
Terminology Report of Basel and three virtual
business meetings: Update on blood group systems.
Vox Sang, 2022 Nov; 117(11): 1332-1344. doi:
10.1111/vox.13361. Epub 2022 Sep 19. PMID:
36121188.

Dean L. Blood Groups and Red Cell Antigens
[Internet]. Bethesda (MD): National Center for
Biotechnology Information (US), 2005. Chapter 2,
Blood group antigens are surface markers on the red
blood  cell membrane.  Available  from:
https://www.ncbi.nlm.nih.gov/books/NBK2264.
Dean L. Blood Groups and Red Cell Antigens
[Internet]. Bethesda (MD): National Center for
Biotechnology Information (US), 2005. Chapter 7,
The Rh blood group. Available from:
https://www.ncbi.nIm.nih.gov/books/NBK2269/
Dean L. Blood Groups and Red Cell Antigens
[Internet]. Bethesda (MD): National Center for
Biotechnology Information (US), 2005. Chapter 8,
The Kell blood group. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK2270/
Dean L. Blood Groups and Red Cell Antigens
[Internet]. Bethesda (MD): National Center for
Biotechnology Information (US), 2005. Chapter 10,
The Kidd blood group. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK2272/
Samae M, Chatpun S, Chirasatitsin S.
Hemagglutination Detection with Paper-Plastic
Hybrid Passive Microfluidic Chip. Micromachines
(Basel), 2021 Dec 9; 12(12): 1533. doi:
10.3390/mi12121533. PMID: 34945381; PMCID:
PMC8708700.

Reid ME. Applications and Experience with PCR-
Based Assays to Predict Blood Group Antigens.
Transfus Med Hemother, 2009 Jun; 36(3): 168-178.

| Vol 10, Issue 6,2023. |

14.

15.

16.

17.

18.

European Journal of Biomedical and Pharmaceutical Sciences

doi:  10.1159/000212062.
PMCID: PMC2924736.
Paccapelo C, Truglio F, Antonietta Villa M, Revelli
N, Marconi M. HEA BeadChip™ technology in
immunohematology. Immunohematology, 2015;
31(2): 81-90. PMID: 26495894.

Westhoff CM. Blood group genotyping. Blood,
2019 Apr 25; 133(17): 1814-1820. doi:
10.1182/blood-2018-11-833954. Epub 2019 Feb 26.
PMID: 30808639.

Harmening, Denise. Modern Blood Banking and
Transfusion Practices 5th Edition. Philadelphia PA,
FA Davis Company, 2005.

Fung MK, Grossman BJ, Hillyer CD, Westhoff CM
Editors. AABB Technical Manual 18th Edition.
Bethesda MD, AABB Press, 2014.

Reid ME, Lomas-Francis C, Olsson ML. The Blood
Group Antigen Facts Book 3rd Edition. London UK,
Elsevier, 2012.

PMID:  20729996;

1SO 9001:2015 Certified Journal | 28


http://www.ejbps.com/
https://www.ncbi.nlm.nih.gov/books/NBK499824
https://www.ncbi.nlm.nih.gov/books/NBK2264
https://www.ncbi.nlm.nih.gov/books/NBK2269/
https://www.ncbi.nlm.nih.gov/books/NBK2270/
https://www.ncbi.nlm.nih.gov/books/NBK2272/

