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Abstract
Objectives: Rhesus (Rh) blood group with variable expression of D antigen is one of 
the complex systems in immunohematology. Weak D antigen is a phenotype where 
the D antigen is weakly expressed on red blood cells, and this antigen cannot be 
detected by routine methods. This study was conducted to determine the frequency 
of Rh D negativity and weak D antigen among healthy blood donors and to review 
the clinical significance of weak D antigen pertaining to Rh D-negative transfusions. 
Materials and Methods: This cross-sectional prospective study was conducted in G. 
B Pant Hospital from January 2016 to June 2017 in which all the blood donors from Port 
Blair and adjacent islands of Andaman and Nicobar were grouped for Rh D antigen and 
those who tested negative for the D antigen were further tested for weak D antigen by 
incubating for 30 min and subsequent addition of anti-human globulin sera. Results: Out 
of 6415 donors, 6085 (94.86%) were Rh D positive and 330 (05.14%) were Rh D negative. 
Among the Rh D-negative donors, 05 (01.51%) were positive for weak D antigen. The 
frequency of Rh D negativity was 25.76% in a blood group, 25.15% in B, 07.88% in AB 
and 41.21% in O blood group phenotype. Conclusion: Although the frequency of weak D 
antigen is low (01.51%), the strong immunogenicity of Rh D antigen discernates the need 
for appropriate testing for weak D antigen. This is of particular concern in Rh D-negative 
pregnant females as it can produce alloimmunization if accidentally given weak D antigen 
positive blood.
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Weak D represents a D phenotype where due to reduced D 
antigen expression on red cells, the antigen is not detected by 
routine techniques (spin tube method). However, the demon-
stration of this weakly expressed antigen can be undertaken by 
prolonged incubation and the use of anti-human globulin.

Years after the discovery of this weak D antigen, it has 
remained a topic of controversy whether to routinely test for 
weak D antigen or not. The clinical implications are of concern 
when dealing with pregnant women.

This study was conducted with the aim to 
determine the frequency of weak D phenotype among 
Rh D-negative individuals. The objective being, to high-
light its clinical implications related to the risk of 

Introduction

Rhesus (Rh) blood antigen were first described by Levine 
and Stetson in 1939 who described a patient having an 

antibody that agglutinated red blood cells (RBC) of 85% of 
ABO-compatible donors. This was a second major discov-
ery in immunohematology after the discovery of ABO blood 
groups by Landsteiner in 1990. Human blood groups were 
divided into two major groups depending on the presence 
(Rh positive) or absence (Rh negative) of Rh antigen. Later, 
Fisher and Race published their work on Rh antigen, whereby 
the nomenclature of CDE was accepted. The Rh system con-
sists of over 50 antigens, with D being the major antigen 
expressed by Rh D protein. Out of Rh system, 5 (D, C, c, 
E, and e) are important for causing clinical complications. 
Molecular genetics has shown that there are two Rh genes, 
one encoding D, the other encoding the Cc and Ee anti-
gens [1]. Subsequent to the conflicting grouping of complex 
Rh system, a weak D antigen was described by Stratton in 
1946.
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alloimmunization in RhD-negative individuals and the jus-
tification for testing it.

Materials and methods
This cross-sectional prospective study was conducted in 

Blood bank, G. B. Pant hospital, Andaman and Nicobar Islands 
Institute of Medical Sciences, Port Blair from January 2016 to 
June 2017 in which all the donors from Port Blair and adja-
cent islands of Andaman and Nicobar were grouped for RhD 
antigen by immediate spin tube technique and those who 
tested negative for the D antigen were further tested for weak 
D antigen making sure that every donor is studied only once. 
Weak D antigen positive cells have a weak expression of the D 
antigen and may be misclassified as D negative cells in routine 
Rh grouping procedures. However, the more elaborate indirect 
antiglobulin test is capable of detecting all grades of weak D 
antigen with the exception of the very low-grade types.

Weak D antigen testing
Principle - The procedure was based on the principle of 

agglutination of RBC carrying the RhD antigen in the pres-
ence of anti-RhD antibody. Phenotyping (grouping) was done 
by testing the blood sample with monoclonal IgM anti D 
(MEDICLONE; M/s Mediclone Biotech Pvt. Ltd., Tamil Nadu, 
India) as per manufacturer’s instructions. The presence of hem-
agglutination determined the positive Rh D antigen and the 
blood was categorized as Rh D positive. If no agglutination 
was obtained, then the RBCs were checked with MEDICLONE 
D IgG (Mediclone Biotech Pvt. Ltd., Tamil Nadu, India) as it 
sensitizes the Rh positive or weak D antigen cells which gave 
agglutination on the addition of Coomb’s reagent (Indirect 
Coomb’s test).

Sample
Anticoagulated blood of the Rh D-negative donors was the 

sample for weak D testing. A 5% RBC saline suspension was 
made by washing the RBCs with isotonic saline.

Procedure
For each sample, a tube was taken and labeled as test sample. 

A saline tube acted as control. One drop of MEDICLONE 
D (IgG) and saline were added to the test tube and control 
tube, respectively. One drop of 5% RBC suspension was added 
to each tube. After mixing, incubation was done for 30 min 
for sensitization. After washing the sensitized cells 3–4 times 
with normal saline and discarding the supernatant, two drops 
of Anti-human serum (Coomb’s serum) were added and cen-
trifuged for 1 min. The sediment cells were gently dislodged 
and examined macroscopically as well as microscopically for 
agglutination.

Interpretation
Agglutination of sensitized RBC with Coomb’s serum 

was considered as weak D antigen (Du) positive, whereas Rh 
D-negative blood resulted in no agglutination of RBC.

Negative controls using known D-negative red cells were 
run in parallel; these tubes must be free of agglutination; oth-
erwise, the whole procedures for tests and controls must be 
repeated. Sensitized red cells were used to confirm the validity 
of all negative tests; agglutination must be visible after addition 

of sensitized red cells and centrifugation; otherwise, the test 
result is invalid, and the procedures must be repeated. As this 
test is a very sensitive test, if any doubts arise in the inter-
pretation, the entire test should be repeated after thoroughly 
washing the red cells in saline and re-suspending them before 
use. If the sensitized cell test is negative or nonsensitized cell 
test is positive, then the weak D antigen test is invalid, and it 
should be repeated.

Compliance with ethical standards
The study was conducted in accordance with the Declaration 

of Helsinki and was approved by the Local Ethics Committee 
of the Institute. Informed written consent was obtained from all 
patients before their enrollment in this study.

Results
A total of 6415 donors came for the period between January 

2016 and June 2017. Of 6415 donors, 6085 (94.86%) were Rh 
D positive and 330 (5.144%) were Rh D negative [Table 1]. 
Among the 330 Rh D-negative individuals, 05 (1.51%) were 
positive for weak D antigen, and rest were negative [Table 2]. 
The frequency of RhD negativity was 25.76% among a blood 
group, 25.15% among B, 07.88% among AB, and 41.21% 
among O blood group [Figure 1]. The weak D antigen positive 
individuals among blood group A phenotype were 0.60% of the 
total Rh D negative, 0.91% among B and nil among AB and O 
group [Table 3].

Discussion
The weak D phenotype is a weakened form of D antigen 

that in routine D antigen testing will react with some anti-D 
but not with others (when 37 C incubation or an immedi-
ate spin is given). Weak D RBC has D antigen but fewer in 
number as compared to normal Rh D-positive red cells. By 
definition, weak D red cells express all epitopes of D at a low 

Table 1: Frequency of Rhesus D antigen in healthy donors
Blood group Number of donors Frequency (%)
Rh D positive 6085 94.86
Rh D negative 330 5.14
Total 6415 100
Rh D: Rhesus D

Figure 1: Frequency of Rh D negative among ABO blood groups
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level and individuals with weak D phenotype cannot make 
anti-D. Red cells that have the weak D phenotype should, for 
most transfusion purposes, be regarded as Rh D positive. Weak 
D red cells have fewer D sites per cell than normal Rh D posi-
tive red cells [1].

Molecular basis of weak D antigen
Rh antigens are encoded by two closely linked genes with 

92% sequence homology. RhD encodes the D antigen and 
RHCE the Cc and Ee antigens. Each consists of 10 exons and 
unusually for homologous genes, the two genes are in oppo-
site orientation on the chromosome. Each gene encodes a 
416-amino-acid polypeptide of 30–32 kDa that is palmitoylated 
but not glycosylated. The polypeptides encoded by RhD and 
RHCE differ by 31–35 amino acids, depending on the RHCE 
genotype [1].

The Rh D-negative phenotype is usually associated with the 
absence of the whole D protein from the red cell membrane. 
This explains why D is so immunogenic, as the D antigen 
comprises numerous epitopes on the external domains of the 
D protein. In white people, the D-negative phenotype almost 
always results from homozygosity for a complete deletion of 
RhD. D positives are either homozygous or heterozygous for 
the presence of RhD. In Africans, in addition to the deletion of 
RhD, D negative often results from an inactive RhD containing 
translation stop codons within the reading frame. Other genes 
containing inactivating mutations are also found in D negative 
Africana and Asians [2].

Weak D and partial D are the two variants of D antigen 
depending on the variable expression of D antigen due to a 
large number of RhD alleles. Weak D and partial D result 
in quantitative as well as qualitative changes in Rh protein 
respectively [3]. Flegel [4] pointed that weak D types 1, 
2, 3, 4.0, 4.1, and 5 can be regarded as Rh D positive and 
transfused with Rh-positive blood. However, weak D types 
4.2–11 and 15 should be regarded as Rh D negative and 
transfused with Rh-negative blood. Partial D can produce 
specific antibody production. Thus, partial D should be con-
sidered Rh D negative in such situations [5]. In our center, 

the molecular tests for determination of weak D types were 
not available.

Weak D phenotype individuals may show amino acid sub-
stitution in intracellular and transmembrane protein segment 
of Rh antigen [6]. A study in Taiwan using polymerase chain 
reaction (PCR)-restriction fragment length polymorphism 
and direct sequencing revealed four types of mutations that 
were in relation to weak D antigen [7]. While some workers 
observed that aberrant RhD proteins due to RhD alleles may 
lead to altered antigens [6], some other workers said that it 
was the reduced expression of RhD mRNA that led to weak D 
phenotype [8].

It is important that anti – D typing reagents should detect 
most weak D phenotypes, especially in blood donors, although 
very weak forms of D will be typed as Rh D negative. The 
weakest form of weak D, named DEL, can only be detected 
serologically by absorption and elution tests.

When a person’s Rh phenotype is known, the probable 
genotype can be discerned and its likelihood calculated from 
known genotype frequencies within the same population. It is 
very important that the ethnic origin of the person is known 
when probable genotype determinations are carried out, as 
figures for one population will not apply to people of other 
populations. For example, in white populations, dce is 15 times 
more common than Dce, whereas in African populations Dce 
has a slightly higher frequency than dce [1].

In the UK, the recommended method for D typing of 
patients requires direct agglutination tests, in duplicate, with 
potent IgM monoclonal anti-D reagents. An antiglobulin test is 
not required. This means that very weak D red cells will be 
typed as D negative. This is not considered important, as the 
patient will be harmlessly transfused with D-negative red cells. 
Donors are not typed any longer for D by an antiglobulin test, 
as this is not necessary because it is unlikely that transfusion 
of very weak D red cells to a D-negative patient will result in 
immunization of the patient [1].

Incidence of Rh negativity and weak D phenotype
The incidence of Rh negativity varies from 5% to 25% 

worldwide, and that of weak D antigen ranges from 0.2% to 
1%. In our study, the Rh-negativity was 5.14% whereas it 
was 19.4% in a study from Lahore [9] and only 2.7% in a 
study from Northern Nigeria [10]. The results of our study 
are comparable to 6.3% Rh negativity in a similar study from 
India [11]. Another study showed 12.62% Rh negativity in 
Uttarakhand, India [12]. 0.3%–0.5% Indian population is found 
to have weak D, while the incidence in Europe is 0.23%–0.5% 
and 3% in the USA [13].

In our study, the incidence of weak D phenotype was slightly 
higher (1.51%). Similar studies showed incidence as 0.189% 
in India, and a single case of weak D positive in a study from 
Uttarakhand India [12] giving the incidence as 0.135%. High 
frequency of weak D was seen in a study from Nigeria [11]. 
The use of potent monoclonal anti-D reagents can account for 
the slightly higher incidence of weak D antigen. High sensitive 
monoclonal reagents detect Rh D-positive cells that would be 
difficult to detect with low sensitive polyclonal reagents [14].

Table 2: Frequency of weak D antigen in Rhesus D negative 
donors
Blood group Number of donors Frequency (%)
Du positive 5 1.51
Du negative 325 98.48
Total 330 100
Du: Weak D antigen

Table 3: Frequency of weak D antigen positive among ABO 
blood groups
ABO negative group Du Frequency (%) of total Rh D negative
A negative 2 0.60
B negative 3 0.91
AB negative 0 0
O negative 0 0
Total 5 1.51
Du: Weak D antigen, Rh D: Rhesus D
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Applied aspects and molecular techniques
As the RhD antigen is highly immunogenic, the molecular 

determination of RhD allele status is very important, given the 
high rate of immunization of Rh D-negative individuals with 
Rh D-positive transfused RBC [5,15]. Most Rh D-negative 
individuals lack the whole Rh D protein from their red cells 
and when immunized by Rh D-positive red cells can make 
antibodies to it.

Serological weak D phenotype is estimated to be 
0.2%–1.0% in the United States; a policy to determine RhD 
phenotypes in potential transfusion recipients could potentially 
decrease the need for tens of thousands of units of Rh-negative 
RBC annually in the United States (12 million U/year times 
15% Rh-negative times 1% serological weak D phenotypes 
times 95% of RhD genotypes that do not require Rh negative 
times 1–2 U transfused per patient) [16].

In a study done in Northern Europe, 8442 D-negative 
blood donations were screened by RhD PCR sequence-specific 
priming (PCR-SSP). RhD PCR-positive samples were further 
characterized by RhD exon specific PCR-SSP or sequencing. 
50 RhD-positive samples were detected. Fifteen samples har-
bored one of three new D el alleles. Thirty samples were due 
to 14 different D-negative alleles, only 5 of which were pre-
viously known. The cumulative population frequency of the 
14 D-negative alleles was 1:1500. Five samples represented a 
D± chimera, a weak D and three partial D, which had been 
missed by routine serology; two recipients transfused with 
blood of the D± chimera donor became anti-D immunized [17]. 
However, these molecular techniques for RhD phenotypes are 
still a vision of the near future in developing countries like 
India.

The testing of weak D antigen is of particular importance 
in patients with chronic requirements for blood transfusion 
such as thalassemia, sickle cell anemia, chronic renal failure, 
HIV/AIDS. If these Rh D-negative individuals are found to 
be positive for weak D antigen, they can be transfused with 
Rh D-positive blood. This applied aspect can be of particular 
importance in northern India where thalassemia is prevalent. 
However, care should be taken that weak D antigen testing 
is done under strictly controlled laboratory settings as false 
positive results may result in inadvertent transfusion of Rh 
D-positive blood to such Rh D-negative cases with grave 
immunological and clinical consequences.

Conclusion
Although the weak D antigen frequency is low, its strong 

immunogenicity makes applied aspects of utmost clinical 
importance. The risk of alloimmunization remains if weak D 
antigen positive blood is transfused to Rh D-negative indi-
vidual. This becomes a major concern if the recipient is of 
childbearing age and can result in hemolytic disease of the 
newborn in subsequent pregnancy. It is recommended to con-
sider individuals with a weak D antigen as Rh D positive when 
presenting as a donor and Rh D negative when confronted as 
a recipient.

Limitations of the study
Study was done in a hospital based setting with healthy 

donors, predominantly males. Further cross-sectional studies 
in a larger community-based representation are warranted to 
confirm the true prevalence. Rare partial D phenotypes may 
show a strong reactivity with some monoclonal sera and may 
not be differentiated from true D-positive phenotype.
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