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The Rh system is ¥ery complex,-polymorphic and the most important for clinical practice next to the
ABO system. Antigen D.is the most important antigen of the Rh system and the most immunogenic
after the ABO, antigen. Antigen D, which is made up of a mosaic of epitopes, is determined for all
donors "and  patients. Monoclonal test sera have different affinities for antigen D epitopes.

Determination of antigen D can cause operational difficulties.

This retrospective cross-sectional study was conducted at the Institute for Blood Transfusion in Nis.
The study included voluntary blood donors from January 1 to December 31, 2024. A total of 45,970

voluntary blood donors were included in the study.
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The aim of our research was to determine the serological prevalence of D weak in voluntary blood
donors at our institution, as well as to analyze the Rh phenotype in such typed erythrocytes using

serological methods, in order to enable the development of individualized transfusion strategies.

Of the total number of tested samples, 38,989 (84.82%) were D-positive, 6,847 (14.89%) D-
negative, while the number of D weak was 134 (0.29%). The most common recorded D weak

phenotype was CcDwee in 117 subjects (87.31%).

Serological methods depend on immunohematological techniques, and test reagents are not always
able to unambiguously detect RhD variants. Therefore, RHD molecular typing is, recommended to

identify and confirm RHD variants.
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Sistem Rh je veoma kompleksan, polimorfan i najznacajniji za klinicku praksu pored sistema ABO.
Antigen D najvazniji'je antigen sistema Rh i najimunogeniji posle antigena ABO. Svim davaocima i
bolesnicima odreduje, sé antigen D, koji je sacinjen od mozaika epitopa. Monoklonski test serumi

imaju razli€it afinitet za epitope antigena D. Odredivanje antigena D moze izazvati poteskoce u radu.

Ova‘retrospektivna studija preseka sprovedena je u Zavodu za transfuziju krvi u NiSu. Studijom su
obuhvaceni dobrovoljni davaoci krvi od 1. januara do 31. decembra 2024. godine. U studiju je

ukljuceno ukupno 45.970 dobrovoljnih davalaca krvi.

Cilp naSeq istrazivanja bio je da se utvrdi seroloSka prevalencija D weak-a kod dobrovoljnih davalaca
krvi u nasoj ustanovi, kao i da se analizira Rh fenotip u tako tipiziranim eritrocitima koriS¢enjem

seroloskih metoda, kako bi se omogucdio razvoj individualizovanih strategija transfuzije.
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Od ukupnog broja testiranih uzoraka, 38.989 (84,82%) bilo je D-pozitivho, 6.847 (14,89%) D-
negativno, dok je broj D weak iznosio 134 (0,29%). Najcesc¢i zabelezen D weak fenotip bio je CcD%ee

i to kod 117 ispitanika (87,31%).

Seroloske metode zavise od imunohematoloske tehnike, a test reagensi nisu uvek u stanju da
nedvosmisleno detektuju RhD varijante. Stoga se preporucuje RHD molekularna tipizacija .za

identifikaciju i potvrdu RHD varijanti.

Klju¢ne reci: D antigen, weak D, partial D, fenotip



Introduction

The Rh system is the most complex of all erythrocyte blood group systems and contains 56 antigens.
Antigens of the Rh system are encoded by two homologous, closely linked genes, located on the short
arm of chromosome 1: RHD, which leads to the formation of antigen D and RHCE, which leads to the
formation of antigens CC and Ee. The genes RHD and RHCE code for the formation of RhD (CD240D)
and RhCcEe (CD240CE), two highly hydrophobic, non-glycosylated proteins that cross the erythrocyte

membrane 12 times(1-3).

The first described antigen of the Rh system is D which is composed of several epitopes: This means
that there are several individual parts of the antigen, and against each.of them an antibody can be

formed (2,3).

Before the introduction of RhD immunoprophylaxis, anti-D antibody was a common cause of severe
forms of hemolytic disease of the fetus and newborn (HBEN).-Although most people are either RhD-
positive or RhD-negative, there are also variants of antigen D that are manifested in the form of its
weak (weak D) or partial (D partial) expression. The D- (neg.) phenotype occurs as a consequence
of the absence of the Rh protein from the erythrocyte membrane. In Caucasians, the D- (neg.)
phenotype is most often the result.of,.homozygosity for the deletion of the RHD gene, while in D-

(neg.) Africans, an inactive RHD gene is a common finding (2, 3).

D weak antigen is often assoCiated, with’single missense mutations in the RHD gene that encode
amino acid substitutions in the cytoplasmic or membrane part of the D protein, while partial D antigen
is usually caused by changes in extracellular loops. Partial antigen D is characterized by gene
conversion, paint mutations such as missense mutations in the extracellular part of the protein, as

well as multiple missense mutations spread from one end of the RhD protein to the other (4-5).

The terms "weak" and "partial” D are still in use to help bring some order to the large number of
aberrant D antigens, but there are many valid arguments for replacing these terms with one—the

“variant" D antigen (4-6).

Many different mutations cause the emergence of a large number of phenotypes that are today

classified from type 1 to type 66, although there are also working versions that have not yet received



their number. The most common is type 1, which together with types 2 and 3 represents about 90%

of D weak phenotypes proven in persons of European origin (7-9).

Erythrocytes with partial antigen D were given this name in the past due to the fact that these were
people whose erythrocytes showed a strong agglutination reaction with anti-D test serum, and after
immunization with erythrocytes with normal D, they created anti-D antibody. In individuals with
partial D antigen, the altered or missing part of the RHD gene is replaced by the corresponding parts
of the RHCE gene. The newly formed protein is so different from the normal D antigen that anti-D

antibodies can be formed (10, 5).

The presence or absence of anti-D antibodies cannot differentiate betweeniweak and partial D antigen
when immunohematological techniques are applied (11). The most_ common forms of partial antigen
D in Europe are DNB (12), DVI (13) and DVII (14). In the United States, partial forms of the D

antigen are most commonly found in people of African descent:

The RhD antigen is determined at each blood donation. The last edition of the Recommendation for
the preparation, use and quality assurance of the components of the Council of Europe implies the
determination of RhD antigen in donors in duplicate; using monoclonal reagents of different clones
or human sera of different series. ltiis advised to perform an indirect antiglobulin test in order to
prove the weakly expressed antigen D. In addition, the reagent used in the subject must recognize

the most important variants of the antigen D as RhD-positive (15).

For the first administration, the Standards recommend the mandatory use of two techniques, one of
which must be automated. In the absence of a positive finding in the initial testing, the Standards
provide that the examination of antigen D variants should be continued with the indirect antiglobulin

test technique (16).

The International Forum for Demonstration of Less Expressed Antigen D recommended the routine
use of an indirect antiglobulin test in all D-negative donors, especially those with antigen C or E in
their phenotype. The frequency of blood donors whose antigen D has been proven only in the indirect
antiglobulin test, according to the data of this forum, ranges from 0.01% in Spain to 4.1% in Denmark

(17-20).



Aim

The aim of our research was to determine the serological prevalence of D weak in voluntary blood
donors at our institution, as well as to analyze the Rh phenotype in such typed erythrocytes using

serological methods, in order to enable the development of individualized transfusion strategies.

Materials and methods

This retrospective cross-sectional study was conducted at the Institute for Blood Transfusion,in‘Nis,
Serbia, after obtaining approval from the Ethics Committee of the Institute for Blood Transfusion in
Nis (No. 471, dated August 29, 2025). The study included voluntary blood donors fromJanuary 1 to
December 31, 2024. A total of 45,970 voluntary blood donors were included in‘the study. Donors of

both sexes, aged between 18 and 65 years, were included.

Venous blood samples with ethylenediaminetetraacetic acid:,(EDTA) were collected from blood donors
in the Republic of Serbia. To determine the blood group in.the ABO system and RhD typing, a fully
automated system for immunohematological tests'of blood groups using the microtiter plate method
(Galileo; Immucor Inc., Norcross, GA, USA) was used in accordance with the manufacturer's
instructions. We used anti-D test reagents (limmuclone Anti-D monoclonal, human IgM clone: ROM-
1 and Immuclone Anti-D blend monoclanal human IgM + 1gG clones: MS-26, TH-28). The presence
of agglutination tells us about the presence of D-antigen on the tested erythrocytes. The absence of
agglutination requires.the performance of an indirect antiglobulin test to determine the presence of
the weak (D weak) variant of the D-antigen (formerly called Du). Some monoclonal anti-D reagents
can give a weakly positive reaction with D weak positive erythrocytes without performing an IAT. We
can declare Rh D weak positive only if the direct anti human globulin test (DAT) with the erythrocytes
tested is negative. This means that DAT must be performed for samples that are D weak positive. In
donors whose D weak antigen has been confirmed, the Rh phenotype must also be determined using
monoclonal test serums anti-C (seraclone® Clone Ms24), anti-c (seraclone® Clone Ms33), anti-E

(seraclone® Clone Ms258/906) and anti-e (seraclone® Ms16/Ms21/Ms63).

Of the 134 confirmed D weak antigens, two samples were sent for genetic analysis to determine the

D weak antigen type.



Results

A total of 45,970 samples of voluntary blood donors were tested in the period from January 1 to
December 31, 2024. Of the total number of tested samples, 38,989 (84.82%) were D-positive, 6,847

(14.89%) D-negative, while the number of D weak was 134 (0.29%). (Table 1)

Table 1. Prevalence of D weak antigen in the studied population

RhD status RhD-positive RhD-negative RhDweak
38.989 6.847 134
(84,82%) (14,89%) (0,299%)
Total 45.970 (100%)

The distribution of D weak phenotypes showed that the most common recorded phenotype was
CcDwee in 117 subjects (87.31%). CCDwee phenotype was found in 12 subjects (8.96%), while

ccDwee phenotype was detected in 3 (2.24%) and ccDwEe phenotype in only 2 samples (1.49%).
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Figure 1. Distribution of D weak phenotypes



The sent samples were genotyped with the RHD microchip (RHD BeadChip, Immucor BioArray

Solutions, Warren, NJ). Both D weak samples were typed as Weak D type 11.

Discussion

In this study, the prevalence of serological D weak in the region of Southeast Serbia was 0.29%,
which corresponds to the results described in the literature (21). The distribution of the Rh phenotype

is the same as in the European population (4).

The prevalence of RhD negative phenotype among participants in this study was 14.89%; which is
similar to the findings of other studies in European and North American populations, with prevalences

of the RhD negative phenotype ranging from 15 to 17.3% (22, 23).

This prevalence is much higher than that found in people of Asian descent, for whom a figure of 1%
or less has been reported, (13) and higher than the findings in Nigeria and many African countries

that have reported prevalence rates ranging from 2.0 to 5.1% (4, 24-28).

In India, the prevalence of D weak is estimated to range from approximately 0.0075 to 0.2% of the
total donor population from different geographical areas (29). Differences in RhD typing have been
attributed to multiple factors, such as different methods (tube, gel, microplate) used for typing,
different stages of testing (salineror Coombs phase), different avidity and specificity of monoclonal

antisera, and diversified RhD alleles with different phenotypic expression (30).

It is important to highlight the fact that the distribution and diversity of RhD variants differ depending
on the population, race and geographical location. Most of what is known about RhD variants comes
from studies focusing either on populations of European descent or on patients with sickle cell anemia
(31-33). "It has recently been suggested that D weak types 1, 2, and 3 represent less than 30 percent
of the serologic D weak phenotypes identified among Brazilians, who are intensely racially admixed
(34). Relatively high frequencies of D weak type 38 and D weak type 11 have also been shown in
this population (34, 35), which is an interesting finding, as these variants are rare among whites and

have not been reported among people of African descent.

Weak antigen D proven by serological techniques or serologically weak phenotype D, is defined as

the form that does not give a reaction with the anti-D reagent in direct agglutination or gives a weakly



positive reaction, <24, while the reaction with the antihuman globulin reagent is moderate or strong
(36-39). Many forms of serologically weak antigen D arise as a result of one or more amino acid
substitutions in the part of the RhD protein that is inside or under the erythrocyte membrane, which
leads to reduced expression of the antigen on the erythrocyte surface (39). The prevalence of
serologically proven weak D phenotype varies among races and nations (4). It is estimated that0.2%
to 1.0% of Caucasians inherit RHD genes that code for the emergence of a serologically weak D
phenotype. In most cases, these are weak D types 1, 2, and 3 (4, 40, 41, 38). These.forms of the
weak D antigen are the most frequently demonstrated D variants in Europe and the United States.
Reports on the prevalence of the serologically weak D phenotype vary depending on the testing
method used (manual tube method vs. automated analyzer), the anti<D reagentiused (polyspecific
serum vs. monoclonal blend), and the use of a reaction enhancer«(bromelain) (38). The first results
of molecular testing of blood donors show that weak D type 3 s predominant in the Republic of

Srpska, while weak D type 1 is the most common in Serhia (42).

Most data on RHD alleles and risk of alloimmunization in serologically weak D phenotypes derive from
observational studies conducted in central Europe (4, 42-44, 32). These studies indicate that blood
recipients who have weak D type 1, 2, or 3, in hamozygous or heterozygous form, are not at risk of
developing anti-D antibody after administration of RhD-positive erythrocytes that have normal D
expression (44, 45). About 95% of Caucasians in Central Europe who are serologically found to have
weak D antigen have weak D{type.1l, 2 or 3. They are treated as RhD-positive and can receive a
transfusion of RhD-positive blood. The absence of anti-D antibodies in persons with the mentioned
phenotypes seems to be due to the fact that the different RHD allele encodes the generation of all
RhD antigen epitopes in these persons compared to persons with normal D antigen expression,
although the antigen density on the surface of erythrocytes with weak D type 1, 2 or 3 is less than
in those with normal D (4). D antigen alloimmunization and anti-D antibody have been demonstrated
in'some other types of weak D antigen, such as weak D type 4.2 (44, 45, 33), DAR (4), type 11 (44,

32), type 15 (44, 32), type 21 (46), and type 57 (14).

The American Association of Blood Banks and the College of American Pathologists formed a
Interorganizational Work Group on RHD Genotyping that reviewed published and unpublished reports

to determine whether weak D types 4.0 and 4.1 can receive RhD-positive blood without the



consequences of alloimmunization. There are no published papers demonstrating allo- or autoanti-D
antibodies in individuals with weak D type 4.1 in large studies conducted in Europe (44, 45) despite
their frequency (32, 47) and frequent transfusion treatment with RhD-positive erythrocytes (47). The
working group analyzed published data on people who had weak type D 4.0 and developed anti-D
antibodies. Of which three were described in Germany (44), nine in France (45), one in Tunisia (48)
and three in the United States of America (48, 49). Of the 16 cases described in Europes only one
patient developed alloanti-D antibody (45), while the remaining 15 developed autoanti-D. Because
of all of the above, the Working Group limited the recommendations for the use of RhD-positive blood
exclusively to people with weak D types 1, 2 and 3, until more data are collected..However, the latest
results of an international study by Flegel et al., published in 2019, bring new data, supplement and
extend the recommendations, after studying the Tunisian population, which/turned out to have the
highest prevalence of the weak D type 4.0 allele in the world (50). The evidence for the existence of
allo- and autoanti-D in patients with certain forms of weak D was reviewed in detail in 2015, and
since then no new evidence of their detection has been reported either in people with weak D type
4.0 or in people with weak D type 4.1. in accordance with the absence of additional data on unwanted
clinical effects, the conclusion was published in the last study that patients with serologically weak
weak D phenotype should be tested by maolecular methods, in order to prove weak D types 4.0 and
4.1. The strategy of using RhD+ blood should be based only on molecular testing. Therefore, it is
recommended that patients and pregnant women with weak D phenotypes 1, 2, 3, 4.0 and 4.1 be
treated as RhD+ and not be administered RhDIg, because according to all available data, it has not

been proven that they'could have any clinical benefits from RhD immunoprophylaxis (22).

Conclusion

In conclusion, the prevalence of D weak variants in Southeast Serbia is similar compared to the

frequencies previously described for other European populations.

Given the genetic diversity of D weak variants among ethnic groups, comprehensive sequencing
strategies are essential for safe transfusion practices. Clinicians should integrate molecular testing

into routine RhD assessment to minimize the risks of alloimmunization and ensure accurate patient



care decisions. Understanding the molecular basis of D weak phenotypes is necessary to optimize

transfusion strategies and obstetric management.

Serological tests rely on immunohematology, which can fail to clearly identify RhD variants like partial
D, DEL, or weak D type 11. Consequently, RHD molecular typing is recommended to accurately detect

and confirm these variants.
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