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IMPORTANCE OF PHENOTYPING IN BLOOD DONORS
FOR THE IDENTIFICATION OF RARE PHENOTYPES

IMPORTANCIA DA FENOTIPAGEM EM DOADORES DE
SANGUE PARA A IDENTIFICACAO DE FENOTIPOS RAROS

Mariana Santiago da Silva Cardoso' e Alexandre Gomes Vizzoni*
ABSTRACT

Introduction: Erythrocyte alloimmunization may arise from blood group incompatibility between ethnically
diverse donors and recipients. Providing blood to patients with rare or complex red cell antigen profiles poses
a significant challenge. These individuals may have red blood cells that either lack high incidence antigens or
possess a combination of several uncommon antigens. As a result, finding compatible blood donors becomes
difficult. Methods: The objective was to identify extended phenotyping strategies for the various blood group
systems to aid transfusion in patients with a phenotype considered rare. This is a systematic review, in which
parameters were followed as a basis for the PRISMA recommendations with a focus on the search for the
literature published in the last 10 years on erythrocyte phenotyping in blood donors, aiming to identify rare
phenotypes for transfusion support. Results: We found 20 articles describing rare antigens and antibodies, re-
porting difficulties in finding compatible blood and the need for a registry of these blood donors. In summary,
the provision of blood to patients with red cells lacking high incidence antigens or complex antigen profiles
is indeed a challenging task. It necessitates specialized testing, access to rare blood donors, and alternative
strategies to ensure the best possible match for transfusion.
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RESUMO

Introdugdo: A aloimunizagdo eritrocitiria pode surgir da incompatibilidade de grupos sanguineos
entre doadores e receptores etnicamente diversos. Fornecer sangue a pacientes com perfis de antigenos
eritrocitarios raros ou complexos representa um desafio significativo. Esses individuos podem ter globulos
vermelhos que ndo possuem antigenos de alta incidéncia ou possuem uma combinag¢do de varios antigenos
incomuns. Como resultado, torna-se dificil encontrar doadores de sangue compativeis. Métodos: O objetivo
foi identificar estratégias ampliadas de fenotipagem para os diversos sistemas de grupos sanguineos para
auxiliar a transfusdo em pacientes com fenotipo considerado raro. Trata-se de uma revisdo sistemdatica, na
qual foram seguidos pardmetros como base para as recomendagoes PRISMA com foco na busca da literatura
publicada nos ultimos 10 anos sobre fenotipagem eritrocitaria em doadores de sangue, visando identificar
fendtipos raros para suporte transfusional. Resultados: Foram encontrados 20 artigos descrevendo antigenos
e anticorpos raros, relatando dificuldades em encontrar sangue compativel e necessidade de registro
desses doadores de sangue. Em resumo, o fornecimento de sangue a pacientes com globulos vermelhos
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sem antigenos de alta incidéncia ou perfis antigénicos complexos ¢é de fato uma tarefa desafiadora. Sdo
necessarios testes especializados, acesso a dadores de sangue raros e estratégias alternativas para garantir
a melhor correspondéncia possivel para a transfusdo.

Palavras-chave: Aloimuniza¢do, Imunohematologia, Sistemas de Grupos Sanguineos, Hemoterapia.

INTRODUCTION

Although constantly updated, currently, 354 erythrocyte antigens are grouped into 44 blood
group systems according to the International Society of Blood Transfusion (GASSNER et al., 2022).
These antigens induce the formation of red cell alloantibodies that are involved in blood incompat-
ibilities, leading to immediate and delayed hemolytic transfusion reactions and hemolytic disease of
the fetus and newborn (MACHADO et al., 2018).

The definition of rare blood or rare donor is not well elucidated yet. In most countries, a blood
donor or a patient is considered to have a rare blood type when the phenotype frequency in a given popu-
lation is less than one per thousand individuals (<1:1000) (ARAUJO et al., 2020). Rare phenotypes are
characterized by the absence of a high-frequency antigen and/or the absence of expression of multiple
antigens from the same system or other blood group systems. Patients with rare blood groups or pheno-
types are usually identified after the formation of alloantibodies (HUSTINS, 2014; MUNIZ et al., 2020).

Currently, the number of patients requiring regular and chronic care related to red blood
cell transfusion is increasing, especially in patients with sickle cell anemia (SCA), beta-thalassemia
major, other hemoglobinopathies, myelodysplastic syndrome (MDS), and moderately severe hypo-
plastic anemia (SHAH et al., 2018; YOUNESI et al., 2016). Long-term transfusion poses a series of
complications and clinical problems, including transfusion-related adverse reactions, such as the risk
of transfusion-transmitted infections (Hepatitis B, Hepatitis C, HIV, among others), non-hemolytic
febrile transfusion reactions (NHTR), allergic reactions, and iron overload as a result of repeated
transfusions, especially in thalassemia patients (FURUSETH et al., 2021; HINDAWI et al., 2020).

The frequencies of different blood group antigens vary among distinct ethnic populations. Some
of these antigens are highly immunogenic and, therefore, increase the risk of alloimmunization in blood
recipients (SHASTRY et al., 2022). The frequency of alloimmunization depends on the homogeneity of
the donor-recipient population, the coordination process of red blood cell phenotypes, and the patient’s
age at the start of transfusion, with clinically more significant alloantibodies being directed against
antigens of the Rh, Kell, Kidd, and Duffy systems (MAKAROVSKA-BOJADZIEVA; VELKOVA;
BLAGOEVSKA, 2017; ROSTAMIAN et al., 2022).
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Various antigens corresponding to blood group systems are present on the surface of eryth-
rocytes. Identification is carried out through an immunohematological technique, erythrocyte phe-
notyping, an essential and feasible tool for classifying blood groups in donor and recipient blood
samples. Through the interaction between antigen-antibody, agglutination between red blood cells
and specific antisera can be visualized, making it an important technique for transfusion reaction
prophylaxis (LIMA et al., 2022).

The current technical regulations for blood transfusion procedures recommend extended phe-
notyping for RhD and Kell system antigens in blood donors, and for other blood group systems such
as Duffy, Kidd, and MNS in alloimmunized patients who are or may enter a recurrent transfusion
scheme (BRAZIL; MINISTRY OF HEALTH, 2016).

Erythrocyte phenotyping is routinely used to identify red cell antigens and exhibits high spec-
ificity and sensitivity. However, certain limitations hinder its application, such as the presence of
donor red cells in the recipient’s circulation (following a recent blood transfusion), the coating of red
cells by alloantibodies or autoantibodies, and the absence of commercial antisera (LANGER et al.,
2019). In these situations, genotyping is observed as an important tool for characterizing the genes
encoding red cell antigens and their variants, enabling the inference of phenotypes with a high degree
of precision (QUIRINO et al., 2019).

The development of alloimmunization, an immune response after exposure to foreign anti-
gens from genetically different cells, leads to the production of irregular antibodies. The presence of
alloantibodies is clinically significant in future transfusions, as it can result in hemolytic transfusion
reactions (acute or delayed) and may complicate the supply of compatible blood units (PEREIRA
BUENO et al., 2021). Polytransfused patients face an increased risk of producing alloantibodies due
to the immune system’s exposure to a multitude of foreign antigens, inducing an immediate immune
response, especially after the second exposure. This results in various clinical consequences, depend-
ing on the specific blood cells and antigens involved (VALLE NETO et al., 2018).

To prevent alloimmunization, extended phenotyping for major blood group systems has been
recommended, especially when transfusion is necessary for patients with sickle cell anemia (SCA).
This ensures that only phenotypically compatible blood is administered to this population (VIZZONI,
MOREIRA, 2017).

Thus, the primary objective of this study is to identify, through a systematic literature review,
expanded phenotyping strategies for considered rare phenotypes and methods for searching for com-

patible blood.
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METHODOLOGY

This is a systematic review, and the recommendations of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) were used as parameters for the study’s develop-
ment (PAGE et al., 2021).

The first step involved locating articles in publications available on the databases Scielo,
LILACS, and PubMed. The following inclusion criteria were established: a time span between 2013
and 2023, articles in Portuguese, English, or Spanish, and freely available online. The search com-
menced in January 2023 and concluded on February 24, 2023, using coordinated indexing through
the use of the keywords “alloimmunization,” “blood groups,” and “rare phenotype,” either separately
or in combination, with Boolean operators AND and OR.

Following the search phase, the selection of identified materials was conducted through an explor-
atory and selective reading of titles and abstracts by two independent evaluators. These evaluators decided
which articles to include based on predefined criteria. The eligible articles were selected to constitute the
sample for the next stage, with any disagreements among researchers resolved through consensus.

In the third stage, the eligible articles underwent a process of recognition, eligibility, and sorting.
They were chosen for a thorough and in-depth reading, followed by a refinement in the selection. Exclu-
sion criteria included systematic reviews, studies not in the predetermined languages, those published
before the established period, and those providing only the abstract for free in the searched databases.

The search results of this review are presented in a flowchart detailing each stage of the review

process and providing the obtained results (Figure 1).
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Figure 1 - Flowchart used for the systematic review according to pre-established criteria.
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RESULTS

The initial search using predefined descriptors in the databases yielded 1710 records. Among
these records, 24 (1.4%) were found in the Scielo portal, 117 (6.8%) in LILACS, and 1569 (91.8%)
in PubMed. After analysis, 989 duplicates were identified, with 855 duplicates within the PubMed
searches, 12 in the Scielo database, 67 in LILACS, and 55 across different portals. These duplicates
were excluded, resulting in a sample of 721 remaining articles for analysis.

Following the selective reading of titles and abstracts, 191 articles were considered eligible,
while others were excluded for not aligning with the theme and objectives of this review. During the

full reading phase, exclusion criteria were applied, leading to the identification of twenty articles
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that addressed rare phenotypes and the alloantibodies produced (Table 1). Additionally, these studies
described strategies to identify and locate available blood units worldwide, aiming to meet the health-
care needs of patients. Some of these studies conducted extended phenotyping of their blood donors
and successfully identified extremely rare phenotypes, contributing to the establishment of rare donor
banks in their respective countries.

The majority of studies were case reports (n=12; 60%); however, three cross-sectional studies
(15%), four retrospective studies (20%), and one prospective study (5%) were also identified. Regard-
ing the publication period of these studies, the highest number of articles were published in the last

five years (n=13; 65%), reflecting the up-to-date nature of the addressed topic.

Table 1 - Research on rare blood group antigen phenotyping.

Rare Phenotypes
Authors Study Methodology Main Results
and/or Antibodies
Prospective cross-sectional study conducted bet- Donors with extremely rare phenotypes were
. . ween January 2015 and December 2016, evalua- identified, potentially forming a stock of frozen
Al-Riyami K-k-;k(a-b-); ) .
et al. 2019, Lu(ab?) ting the profile of 337 blood donors from Oman, rare blood erythrocytes to facilitate the supply of
an Arab country on the southeastern coast of the compatible components to alloimmunized patients.
Arabian Peninsula.
Case report of two patients with anti-Jk3 who Due to the rare Jk(a-b-) phenotype, red cell
Allhoff were serologically identified through a positive concentrates from homologous donors are scarce
et al.. 2021, Jk(a-b-) antibody screening and typed as Jk(a-b-). worldwide. Therefore, both patients were encour-
aged to donate blood for cryopreservation, contrib-
uting to the establishment of a bank of rare cells.
Kp(atb-); Cross-sectional study of donors and patients in the ~ During the study period, 17 patients and 33 blood
Aratjo Fy(a-b-); northern region of the state of Rio Grande do Sul,  donors with rare phenotypes were identified
et al., 2020. Lu(a-b-); Brazil, from November 2011 to December 2018. through extended phenotyping and/or genotyping.
(K+k-)
The case report describes the challenges of Pregnancy is undoubtedly a risk for Cromer-sen-
treating a pregnant woman who had a rare case sitized patients and can be fatal when associated
of critical placenta accreta with concomitant with obstetric abnormalities predisposing to
Busani . . alloantibodies anti-Tc(a) from the Cromer system massive bleeding. The case provides strategies
Anti-Tc(a) + antiJk® . . o . . . .
et al., 2015. and anti-Jka. that can assist clinicians in treating patients with
an exceptional risk of bleeding and an inability
to receive compatible blood transfusions due to
alloimmunization.
Case report featuring a healthy G10P6 woman Difficulties in obtaining rare blood for the patient
with a known anti-U who presents for intrauterine  due to other concurrent requests involving patients
Caudill I transfusion treatment in the second trimester. with anti-U in the healthcare unit allowed for a
etal., 2022. discussion of challenges and alternatives to intrau-

terine transfusion when rare blood phenotypes are

involved.
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Derouich

et al., 2016.

Langer

etal., 2019.

Levitt

etal.,2018.

Machado

etal., 2018.

Mani

etal.,2021.

Moise

etal., 2017.

anti-Tja (PP P¥)

Lu(atb-)

anti-Ge?

(Ktk-)

anti-Rh17 (Hr )

anti-Vel

Case report of a 38-year-old Tunisian woman with
a history of 11 recurrent spontaneous abortions,

all occurring between 10-11 weeks of amenorrhea.

Cross-sectional study where 251 blood donors in
the southwest region of the state of Parana (Brazil)
were phenotyped for the Lua and Lub antigens.
Subsequently, genotyping of these donors was
conducted, including antigens from the Dombrock
system (Doa and Dob).

Case report of perinatal hemolytic disease due to
the maternal phenotype Ge:-2,-3,4 and anti-Ge3
alloimmunization, which was molecularly investi-
gated and successfully managed through maternal

blood transfusion.

Retrospective study covering the period from
2005 to 2015, involving blood phenotyping for
the Kell, Dufty, and Kidd systems of 1,759 blood

donors from the Apucarana Blood Center.

Case report of a woman during her second preg-
nancy who gave birth to a child with severe Rh
hemolytic disease of the newborn (DHPN). Detai-
led serological analysis revealed that the mother
has the rare Rh phenotype D--/D-- and none of the
CcEe antigens were present on the red blood cell

membrane.

Case report of a 31-year-old patient, G2P1, who
gave birth to a newborn with Hemolytic Disease

of the Newborn due to anti-Vel antibodies.

The identification of alloantibodies revealed the
presence of anti-Tja (PP1Pk). Family investiga-
tion unveiled a single compatible blood donor:
compatible with ABO group and Tja negative
(Tja- phenotype is extremely rare, 1/100,000 to
1/1,000,000). Maternal anti-PP1Pk then leads

to trophoblastic lysis and early termination of
pregnancy.

Blood units from this rare Lu(a+b-) phenotype,
constituting 0.004%, could be suitable for patients
with the anti-Lub antibody. In Brazil, the Lua/Lub
phenotype is not routinely investigated, and the
risk of alloimmunization should be considered, as
antigen incompatibility in this system can lead to

delayed hemolytic reactions.
Emphasis on the importance of early recognition

of rare alloantibodies in pregnancy and the need to
have a system in place when blood matched with
specific antigens is not readily available. Additio-
nally, highlighting the use of molecular diagnosti-

cs in rare alloimmunizations.
Three donors with the rare K+k- phenotype

(0.17%) were identified. The importance of imple-
menting extended blood donor phenotyping is em-
phasized, aiming to identify rare phenotypes that

should be confirmed through molecular methods.
Rare phenotypes like D--/D--, especially if the

patient is alloimmunized, are a significant concern
during periods of transfusion demands. The
proper identification of these individuals is crucial
not only to contribute to a rare donor pool but

also for the appropriate management of patients’
blood. Effective collaboration through a rare donor
registry should be established nationally and in-
ternationally, aiming to mobilize rare blood units

worldwide when needed.
The high prevalence of the Vel antigen makes it

extremely challenging to find Vel- donors. The
patient was evaluated before pregnancy, and no
siblings or family members were identified as po-
tential donors. A search conducted by the regional
blood center found only one eligible donor. The
patient was instructed to undergo autologous do-
nations early in pregnancy and was able to donate
4 units. The neonatal course was benign, requiring
only phototherapy treatment for 3 days. The new-
born was discharged on the 7th day of life.
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Pytel
etal., 2020.

Ristovska
etal.,2022.

Rodrigues
etal.,2022.

Romphruk
etal., 2019c,
E,e.

Santos
etal.,2019.

Fy(a-b-) + S-s-U-;
Lu (at+b-); K+k-; RH:-
18 (Hr); RH: 32,-46
(Sec);
Fy(a-b-) + anti-e

(K+k-); RH:-1,2,-3,-4,5

anti-K11 + anti-Jk*

Jk(a-b-)

anti-Holley (Hy)

Retrospective study of records of pregnant pa-
tients referred for rare blood group screening and
alloimmunization during the period from 2010 to

2018 at Beaujon Hospital, France.

Retrospective study of 75,528 blood donors
registered during the period from 2016 to 2021.
Frequencies of ABO, Rh (D, C, E, c, e), and Kell
(K, k) system antigens were analyzed using data

available in the donor computerized system.

Case report of a 39-year-old woman with multiple
comorbidities, including amputation of the lower
right extremity below the knee, who developed ag-
gressive osteomyelitis associated with continuous
bleeding, leading to anemia. To address these is-
sues, limb amputation was necessary. The patient

exhibited anti-K 11 and anti-Jka antibodies.

Retrospective study examining red blood cell
phenotypes in 13,597 Thai voluntary blood donors
from 2013 to 2017.

Case report of a 46-year-old female patient diag-
nosed with hemoglobinopathy, who experienced a
symptomatic drop in hemoglobin levels (5.3 g/dL)
after blood transfusion, suggestive of a transfusion
reaction. The patient’s blood type was O+ Ir-
regular antibody screening was positive, showing
panreactivity against all tested red blood cells but

not reactive to dithiothreitol.

Rare blood types were diagnosed in the advanced
stages of pregnancy, most often due to a lack

of obstetric consultations. None of the patients
reported a previous transfusion, but 38.5% had

a gynecological history of early pregnancy. The
management of rare blood groups in obstetrics

requires excellent interdisciplinary coordination.
The K+k- phenotype is considered rare, with a

frequency of < 1%. In the studied population, the
presence of this phenotype is 0.06%. There are
21 regular blood donors typed as having the K+k-
phenotype across all ABO blood groups in the
donor registry. The rare ddCcEe phenotype was

also identified in 0.007% of donors.
he presence of anti-K 11, an extremely rare

antibody, along with anti-Jka, posed a significant
challenge as no compatible blood units were
available. Transfusion of incompatible units with
crossmatching was deemed a high-risk proposi-
tion. Following an unsuccessful search in the U.S.
rare blood program, two units of irradiated red
blood cells, group O, KO (Kell null), Jk(a—), were
identified in Japan and considered compatible with
the patient’s plasma. These units were successfully
acquired and infused without evidence of adverse
reactions. The patient subsequently underwent

amputation.
The Jk(a-b-) phenotype was significantly less

frequent (0.07%) compared to Chinese individuals
in Malaysia (3.50%), mainland China (0.50%), and
North Indian individuals (0.39%). Individuals with
the Jk(a-b-) phenotype may develop a rare anti-Jk3
antibody, likely leading to difficulties in finding

compatible blood.
Holley is a high-prevalence antigen in the Dom-

brock blood system, and its negative phenotype is
extremely rare in all populations, being associ-
ated with hemolytic transfusion reactions. This
antibody is challenging to identify, as laboratories
need expertise in resolving complex cases, a large
inventory of rare sera and red blood cells, along
with other tools such as enzymes, thiol reagents,

and molecular tests.
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Setya

etal., 2020.

Shahverdi

etal., 2019.

Win

etal., 2018.

Yousuf

etal., 2014.

Bombay(Oh);
D--; (K+k-)

Rh Null (RH29)

anti-E + anti-N +

anti-U; anti-Jr®

anti-Jk?

A cross-sectional observational study was con-
ducted in the Department of Transfusion Medicine
at a large tertiary hospital in India over 20 months,
from October 2016 to May 2018. The study popu-
lation included 6,678 healthy blood donors of both
genders who voluntarily donated and agreed to

participate in the study.

Case report of a 43-year-old woman with severe
anemia after splenectomy, classified as A RhD
negative. A blood sample was sent to the Refer-
ence Laboratory in Immunohematology of the
Iranian Blood Transfusion Organization, Tehran,
for ABO/Rh(D) typing.

Case report of two individuals: a 25-year-old
female patient with hemoglobinopathy and anti-
bodies anti-E + anti-N + anti-U, and a 54-year-old
male patient, a victim of a traffic accident, with
anti-Jra antibodies. Both received transfusions of
incompatible red blood cells, along with intrave-

nous immunoglobulin (IVIG) units.

Case report of a 47-year-old Malaysian woman,
P4G1, with a known medical history of hyperten-
sion for 10 years, presented in the Emergency
Department with severe symptomatic anemia sec-

ondary to menorrhagia caused by uterine fibroids.

Four rare donors with the following phenotypes
were identified: 1 D- - donor (0.01%), 2 Bombay
donors; Oh (0.03%), and 1 K+k- donor (0.02%).
The outcome is an enhanced patient safety, which
is the primary motto of any healthcare institu-
tion. The study can contribute to increasing the
confidence of blood banks in finding appropriate
units for patients with unexpected antibodies or

rare phenotypes.
In this study, the patient’s life was saved by com-

patible Rh null blood donated by her brother. After
consulting with her brother, he consented to being
added to the national rare donor registry database
in Iran. The Rh null blood type is a rare blood
group worldwide, and consanguineous marriage
plays a significant role in the development of this
blood type. Due to the prevalence of consanguine-
ous marriage in Iran, it may be more common in

Iran compared to other regions of the world.
U- donors, the majority of whom are of African

Black descent, are registered in the interna-

tional rare donor panel, and U- units are rare with
limited availability in the UK. Blood with the

E-, N-, U- phenotype is extremely rare, with 0%
from white blood donors and 0.4% from donors
typed as M+N-s-S-U-. In the UK, only one donor
is compatible with the first patient. Jra is the sole
antigen in the JR blood group system. While the
frequency of Jra is over 99% in all populations,
the Jr(a-) phenotype has been reported as the high-

est in the Japanese population.
The antibody reacted equally with cells from the

Jk(atb-), (a-b+), and (a+b+) panels. However, anti-
Jk3 was suspected and confirmed by the patient’s
phenotype as Jk(a-b-). Subsequently, the patient’s
sample was sent to the Reference Laboratory, and
the antibody was confirmed as anti-Jk3. As Jk(a-
b-) blood is very rare, the patient’s sample was
sent to the Reference Laboratory to request two
units of Jk(a-b-) cells. The procedure was success-
fully carried out, and the patient was transfused
with the 2 units of compatible Jk(a-b-) blood. The
postoperative recovery was irregular, but the
patient was discharged on the eighth day after the

operation.

Source: Developed by the authors.
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DISCUSSION

A rare blood donor is defined as one found with an incidence of 1:1000. Donors without a
high-incidence antigen in red blood cells in a specific population or those lacking multiple com-
mon antigens are also considered rare donors (RATURI et al., 2023). Recognizing that a patient
needs rare blood is often the initial factor for a series of events that can extend beyond the local
blood supplier and involve national or international searches for suitable rare blood. Over the
years, a network of national and international rare donor panels and banks of cryopreserved red
blood cell units has been established to facilitate the supply of compatible blood for these patients
(NANCE et al., 2016).

It has been a challenge for blood centers in the country to identify and confirm rare pheno-
types in the donor and patient populations, especially in regions distant from the capitals, where
molecular methods are not widely available (ARAUJO et al., 2020). Extended phenotyping, currently
economically viable for erythrocyte alloimmunization prophylaxis, proves to be more cost-effective
compared to molecular methodologies using PCR-RFLP (QUIRINO et al., 2019).

The risk of alloimmunization is high in patients receiving multiple transfusions, such as
sickle cell anemia patients (CAMPBELL-LEE et al., 2018; LINDER; CHOU, 2021; VIZZONI;
MOREIRA, 2017), severe thalassemia, aplastic anemia, hematologic malignancies (TARIQ ef al.,
2022), chronic renal failure, and cancer patients undergoing chemotherapy (MANGWANA;
KACKER; SIMON, 2019).

The current scenario in the public blood services in Brazil demonstrates an increase in phe-
notyping for blood groups with higher transfusional importance. However, few scientific data are
disclosed in the literature, making the topic less attractive to young researchers and allowing for new
population-based studies (LIMA et al., 2022).

Araujo and colleagues (2020) demonstrated that some rare blood types found in the south-
ern region of Brazil correspond more to those found in European populations than in other states
and regions of Brazil, where the mixing of Europeans, Africans, and Indigenous people is higher.
This study highlighted the complexity of transfusion support in patients with rare phenotypes
and emphasized the importance of continuous investment in phenotyping and genotyping in vari-
ous regions of Brazil. Through this investment, accurate information about the antigens present
in blood donors’ red blood cells can be obtained, allowing better compatibility with recipients
with rare phenotypes. This enhanced approach to blood supply contributes to ensuring safe and
effective transfusion, avoiding complications, and ensuring proper treatment for patients with

specific transfusion needs.
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In a population with diverse ethnicities like Brazil, blood group antigens vary significantly in
their frequency. Genotyping studies in this population have shown that blood group polymorphisms
differ significantly from other populations (CALDAS et al., 2022; CASTILHO, 2016a), and studies
within the country have also shown a heterogeneous distribution of blood group alleles and variants
among people from different regions (ARNONI et al., 2015).

The implementation of automation in the extended erythrocyte phenotyping methodology
for blood donor samples has shown a significant increase in the number of processed samples
compared to exclusively manual methods. This automation enables the detection of donors with
rare phenotypes in the population much more broadly. Moreover, this approach considerably
increases the availability of compatible red blood cell units for these rare phenotypes, facilitat-
ing transfusions for patients with specific needs. This improvement in the detection and supply
of phenotype-compatible blood bags is crucial for ensuring safe and effective transfusion, con-
tributing to proper treatment of patients requiring blood transfusions (CARNEIRO; JUNIOR;
AMARAL, 2022).

A study on extended phenotyping with 5407 blood donor samples in the Himalayan region
of Uttarakhand, India, managed to identify rare phenotypes (Jka-Jkb-; S-s-, Oh) among the local
population, creating a registry of rare blood donors. This registry will be of great use for the timely
notification of blood donors with rare phenotypes and the use of rare blood in alloimmunized
patients, demonstrating that serological methodology (phenotyping) can substantially contribute
(RATURI et al., 2023).

To meet the demand for transfusion support for patients, Brazil implemented a national rare
blood registry (CNSR) in 2014. This registry centralizes information about blood donors considered
rare across the country. Through this initiative, it is possible to manage demands related to rare phe-
notypes that arise in different regions of Brazil (ARAUIJO et al., 2020; CASTILHO, 2016b).

In the current scenario, the CNSR has a record of more than 8,880 registered rare blood do-
nors in public blood centers in Brazil. It is important to highlight that the Southeast Region of the
country has a significant representation in the CNSR, with over 99% of the total donor records. How-
ever, other regions of Brazil have minimal representation in the registry. While the concentration of
records in the CNSR is predominantly in the Southeast Region, continuous efforts are essential to ex-
pand the registry and include donors from all regions of the country. This will ensure greater diversity
and availability of rare blood donors nationwide (BRASIL, 2022).

Expanding the registry beyond the Southeast Region is important to meet the specific transfu-
sional demands of patients with rare phenotypes in different parts of Brazil. The inclusion of donors
from other regions in the CNSR will allow more equitable access to compatible blood bags, improv-
ing transfusion support for patients across the country. Therefore, continuous expansion of the CNSR

is essential, encouraging the participation of blood centers from all regions of Brazil to increase the
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representativeness and coverage of the registry, aiming to comprehensively address the transfusion
needs of patients with rare phenotypes nationwide (BRASIL, 2014; CARNEIRO et al., 2022).

It is true that, despite current regulations for guidance and identification of rare phenotypes
in blood donors (BRASIL, 2016), the number of donors is still low compared to emergency demands.
Identifying rare phenotypes is not sufficient to fully meet these needs. Therefore, it is crucial for
Brazilian hemotherapy to concentrate efforts on promoting extended phenotyping in blood donors,
especially in remote regions of the country.

An objective to be achieved is to expand the capacity to perform extended phenotyping in
blood donors, even in the most distant locations in Brazil (CASTILHO, 2016b). This involves a con-
centrated effort to train healthcare professionals and provide the necessary resources for conducting
these tests in different blood centers and transfusion services throughout the country. Promoting
extended phenotyping in blood donors in geographically isolated areas is essential to identify and
include donors with rare phenotypes in the national registry. This will help increase the availability of
compatible blood bags and address emergency transfusion needs for patients with specific transfusion
needs nationwide (CARNEIRO et al., 2022).

Therefore, a joint effort of regulatory bodies, healthcare institutions, and professionals in the
field is needed to promote the expansion of extended phenotyping in blood donors, aiming to address
emergency demands and ensure adequate transfusion support in all regions of Brazil.

Finally, the authors acknowledge that the use of molecular biology for confirming phenotypes
is necessary. However, as this technology is not available in all blood transfusion services, extended
phenotyping should be an initial step for creating a local rare blood database. Institutional partner-

ships should be established for molecular diagnostic confirmation.

REFERENCES

AL-RIYAMI, A. Z. et al. Prevalence of Red Blood Cell Major Blood Group Antigens and Phenotypes
among Omani Blood Donors. Oman Med J. 2019;34(6):496-503. DOI: 10.5001/0mj.2019.92.

ALLHOFF, W. et al. Jknull alleles in two patients with anti-Jk3. Blood Transfus. 2021;19(3):237-243.
DOI: 10.2450/2021.0349-20.

ARAUJO, C. S. R et al. Identification of rare blood types in southern Brazil: impact on transfusion
support. Immunohematology. 2020;36(4):152-156.

ARNONI, C. P. et al. Novel RHAG allele encoding the Rh(null) phenotype in Brazil. Transfusion,
v. 55, n. 10, p. 2521-2522, out. 2015.



Disciplinarum Scientia. Série: Ciéncias da Saude, Santa Maria. v. 24. n. 2, p. 41-56. 2023. 53

BRASIL, Ministério da Saude. Portaria n° 158 de 04 de Fevereiro de 2016. Redefine o regulamento

técnico de procedimentos hemoterapicos. Acessado em 26 de Fevereiro de 2023. Disponivel em:
https://bvsms.saude.gov.br/bvs/saudelegis/gm/2016/prt0158 04 02 2016.html

BRASIL. Ministério da Saude. Secretaria de Atengdo Especializada a Satide. Departamento de Aten-
¢do Especializada e Tematica. Guia do cadastro nacional de sangue raro. Ministério da Satde,
Secretaria de Atencao Especializada a Satude, Departamento de Atengdo Especializada e Tematica.
Brasilia : Ministério da Saude, 2022. Acessado em 05 de marco de 2023. Disponivel em: http:/bvsms.

saude.gov.br/bvs/publicacoes/guia_cadastro nacional sangue raro.pdf

BUSANI, S. et al. A challenging case of pregnancy with placenta accreta and very rare irregular anti-
bodies versus Cromer blood group system: a case report. J Med Case Rep. 2015;9:112. DOI: 10.1186/
s13256-015-0607-7.

CALDAS, A. S. et al. Frequency of antigen Dia on the blood donor population of the Hemocenter
coordinator of the Hemopa Foundation. Hematol., Transfus. Cell Ther. p. 352-357, 2022.

CAMPBELL-LEE, S. A. et al. Red blood cell alloimmunization in sickle cell disease: assessment of

transfusion protocols during two time periods. Transfusion, v. 57, n. 7, 2018.

CARNEIRO, L. C.; JUNIOR, L. C. DE B.; AMARAL, C. E. M. O impacto da automacao da fenoti-
pagem eritrocitaria estendida na rotina de um servigo de hemoterapia. Revista de Medicina, v. 101,
n. 4, p. e-190105, 15 jul. 2022.

CASTILHO, L. Blood group polymorphisms in Brazil. Rev Bras Hematol Hemoter, v. 38, n. 3,
p. 182-183, 2016a.

CASTILHO, L. Rare donor program in Brazil. Immunohematology, v. 32, n. 1, p. 11-12, jan. 2016b.

CAUDILL, J. L. ef al. HDFN Resulting from Anti-U: Alternatives to Allogeneic Intrauterine Trans-
fusion. Lab Med. 2022;53(4):¢79-e¢82. DOI: 10.1093/labmed/lmab099

DEROUICH, S. et al. Anti-Tja (PP1Pk): Rare cause of recurrent early abortion. Tunis Med.
2016;94(7):336.

FURUSETH, M. T. et al. Alloimmunization in transfused patients with constitutional anemias in

Norway. Transfus Apher Sci. 2021;60(5):103257. DOI: 10.1016/j.transci.2021.103257



54 Disciplinarum Scientia. Série. Ciéncias da Saude, Santa Maria, v. 24, n. 2, p. 41-56. 2023.

GASSNER, C. et al. International Society of Blood Transfusion Working Party on Red Cell Immuno-

genetics and Blood Group Terminology Report of Basel and three virtual business meetings: Update
on blood group systems. Vox Sanguinis. 2022;117(11):1332-1344. DOI: 10.1111/vox.13361

HINDAWI, S. et al. The value of transfusion of phenotyped blood units for thalassemia and sickle cell
anemia patients at an academic center. Transfusion. 2020;60 Suppl 1:S15-S21. DOI: 10.1111/trf.15682

HUSTINS, H. DGTT Register of Rare Donors. Transfus Med Hemother. 2014;41(5).

LANGER, L. B. V. et al. Genotyping of Dombrock and Lutheran blood group systems in blood donors
from the southwestern region of the state of Parand, Southern Brazil. Hematol, Transfus Cell Ther.
2019;41(1):25-30.

LEVITT, R. N. et al. Molecular characterization and multidisciplinary management of Gerbich he-
molytic disease of the newborn. Pediatr Blood Cancer. 2018;65(6):¢27014. DOI: 10.1002/pbc.27014.

LIMA, M. R. al. A importancia da identificacdo de fenotipos raros em doadores de sangue: uma revi-
sao bibliografica. REAS. 2022;15(6):¢9746. DOI: 10.25248/reas.e9746.2022.

LINDER, G. E.; CHOU, S. T. Red cell transfusion and alloimmunization in sickle cell disecase. Hae-
matologica, v. 106, n. 7, p. 1805-1815, 1 jul. 2021.

MACHADO, A. C. et al. Phenotypic frequencies of the Kell, Duffy and Kidd blood groups in blood
donors from Apucarana Blood Center, southern Brazil. Rev Bras Anal Clin. 2018;50(1).

MAKAROVSKA-BOJADZIEVA, T. et al. The Impact of Extended Typing On Red Blood Cell
Alloimmunization in Transfused Patients. Open Access Maced J Med Sci. 2017;5(2):107-111. DOI:
10.3889/0amjms.2017.054

MANGWANA, S.; KACKER, A.; SIMON, N. Red cell alloimmunization in multi-transfused, onco-
logy patients: Risks and management. Glob J Transfus Med, v. 4, n. 1, p. 74-78, 2019.

MANI, A. et al. D--phenotype due to RHD-RHCE hybrid transcript in a case of severe haemolytic disease
of newborn with anti-Rh 17(Hr,) antibodies. Transfus Med. 2021;31(5):383-386. DOI: 10.1111/tme.12799.

MOISE, K. J. et al. Anti-Vel alloimmunization and severe hemolytic disease of the fetus and newborn.

Immunohematology. 2017;33(4):152-154. DOI: 10.21307/immunohematology-2019-021.



Disciplinarum Scientia. Série: Ciéncias da Saude, Santa Maria. v. 24. n. 2, p. 41-56. 2023. 55

MUNIZ, A. A. et al. The screening of rare blood donors in a highly admixed population: A new
approach for Holley and Diego genotyping and impact of genomic and self-reported ancestry. Trans-
fus Med. 2020;30(2):148-156. DOI: 10.1111/tme.12653

NANCE, S. ef al. International rare donor panels: a review. Vox Sanguinis, v. 110, n. 3, p. 209-218,
2016.

PAGE, M. ], et al. The PRISMA 2020 statement: An updated guideline for reporting systematic re-
views. J Clin Epidemiol. 2021;134:178-189. DOI: 10.1016/j.jclinepi.2021.03.001.

PEREIRA BUENO, M. L. et al. Red-cell alloimmunization profile in multi transfused patients: Fin-
dings and insights of a blood transfusion service. Transfus Clin Biol. 2021;28(3):258-263. doi:10.1016/j.
tracli.2021.04.006.

PYTEL, S. et al. Management of patients with rare blood groups in maternity. J Obstet Gynaecol.
2020;40(4):468-472. doi:10.1080/01443615.2019.1629400.

QUIRINO, M.G. et al. Methods for blood group antigens detection: cost-effectiveness analysis of
phenotyping and genotyping. Hematol, Transfus Cell Ther. 2019;41(1):44-49.

RATURI, M. et al. Extended blood group phenotyping of donors from the lower and middle Hima-
layan region of Uttarakhand India: A pilot study. Transfus Clin Biol, p. S1246- 7820(23)00033-2, 20
fev. 2023.

RISTOVSKA, E. et al. Rare Blood Groups in ABO, Rh, Kell Systems - Biological and Clinical Sig-
nificance. Prilozi. 2022;43(2):77-87. d0i:10.2478/prilozi-2022-0021.

RODRIGUEZ, J. V. et al. Procuring rare (L\Y)* Japanese red blood cell units for a bleeding pa-
tient with anti-K11 requiring a life-saving procedure. Immunohematology. 2022;38(3):96-99. DOI:
10.21307/immunohematology-2022-049.

ROMPHRUK, A. V. et al. Phenotype frequencies of Rh (C, c, E, ¢), M, Mia and Kidd blood group
systems among ethnic Thai blood donors from the north-east of Thailand. Int J Immunogenet.
2019;46(3):160-165. DOI: 10.1111/1ji.12420.

ROSTAMIAN, H. et al. Prevalence and specificity of red blood cell alloantibodies and autoantibodies

in transfused Iranian B-thalassemia patients: A systematic review and meta-analysis. Asian J Trans-

fus Sci. 2022;16(1):111-120. DOI: 10.4103/ajts.AJTS 39 20.



56 Disciplinarum Scientia. Série. Ciéncias da Saude, Santa Maria, v. 24, n. 2, p. 41-56. 2023.

SANTOS, L. D et al. The rare holley antibody associated with a severe hemolytic transfusion reac-
tion: the importance of this antibody identification to find a compatible blood unit. Einstein (Sao

Paulo). 2019;18:eRC4582. DOI: 10.31744/einstein_journal/2020RC4582.

SETYA, D. et al. The frequent and the unusual red cell phenotypes in Indian blood donors: A quest
for rare donors. Transfus Apher Sci. 2020;59(4):102765. DOI: 10.1016/j.transci.2020.102765.

SHAHVERDI, E. et al. First report of the rare RhCE-depleted D--phenotype in sixteen people of
Iranian origin. Vox Sang. 2019;114(3):256-261. DOI: 10.1111/vox.12738.

SHAH, A. et al. Pattern of distribution of 35 red cell antigens in regular voluntary blood donors of
South Gujarat, India. Transfus Apher Sci. 2018;57(5):672-675.

SHASTRY, S. ef al. Red blood cell alloimmunization among recipients of blood transfusion in India:

A systematic review and meta-analysis. Vox Sang. 2022;117(9):1057-1069. DOI: 10.1111/vox.13296.

TARIQ, F. et al. Frequency of Extended Red Cell Antigen Phenotype Among Patients of Hematologi-
cal Diseases: A Single Center Study. Cureus, v. 14, n. 7, p. €27215, jul. 2022.

VALLE NETO, O. G. et al. Clinical and epidemiological profile of alloimmunized and autoimmuni-
zed multi-transfused patients against red blood cell antigens in a blood center of Minas Gerais. He-

matol, Transfu Cell Ther. 2018;40(2):107-111. DOI: 10.1016/j.htct.2017.08.001.

VIZZONI, A.G. et al. Prevaléncia de aloimunizagao eritrocitaria em pacientes portadores de anemia

falciforme. ABCS Health Sciences. 2017;42(1).

WIN, N. et al. Transfusions of least-incompatible blood with intravenous immunoglobulin plus steroids

cover in two patients with rare antibody. Transfusion. 2018;58(7):1626-1630. doi:10.1111/trf.14648.

YOUNESI, M.R. et al. Alloimmunization against platelets, granulocytes and erythrocytes in mul-
ti-transfused patients in Iranian population. Transfus Apher Sci. 2016;55(2):205-211. DOI: 10.1016/
J-transci1.2016.06.003

YOUSUF, R. et al. A rare case of anti-jk3 antibody detected on pre-transfusion investigation. Indian
J Hematol Blood Transfus. 2014;30(3):208-210. DOI: 10.1007/s12288-012-0211-6.



