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Abstract
Background: Rhesus (Rh) blood group, mainly the D phenotype is subject to polymorphisms associated with sev-
eral Rh D variants. The identification of such variants may prevent blood reactions due to Rh incompatibilities.

Material and Methods: This descriptive cross-sectional study was conducted in Khartoum North, Khartoum-Su-
dan during the period from December 2021 to March 2022. A total of 100 blood donors who had Rh D negative
grouping results were recruited for this study. All samples were tested for weak D and Rh-Del phenotypes by in-
direct antihuman globulin and adsorption-elution methods respectively. In addition, Rh CE typing was performed
for all samples, then the association between Rh CE phenotype and Rh D variants was tested by Chi square test. P
values of < 0.05 were considered statistically significant.

Results: Among the tested donors, 7% were Rh-Del, 5% were weak D while the remaining 88% were truly Rh-neg-
ative phenotype. All Rh-Del subjects were Rh CE positive; 8§0% of weak D were Rh CE positive, while only 11% of
truly Rh-negative donors were Rh CE positive. Statistically significant association was observed between Rh CE
positive phenotype with Rh Del and weak D phenotypes, while truly negative Rh D phenotype is associated with
negative Rh CE phenotypes (All P values < 0.05).

Discussion: Variant D phenotypes were observed in this study population. Therefore, attention for this category
among Rh D negative donors is needed to avoid allo immunization in truly negative patients.
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Introduction

Rh blood group system is an important blood group system after
the ABO system. In which the people are classified according to
the presence or absence of the Rh antigens mainly the D antigen or
Rh factor. This blood group consists of 49 defined antigens, among
which the five antigens: D, C, ¢, E, and ¢ are the most important.
Rhesus positive indicates the presence of the D antigen, while Rh
negative term indicates its absence. The D antigen is encoded by
the RHD gene, while C, c, E, and e antigens are encoded by the
RHCE gene [1]. Beside the standard phenotypes, RH locus is sus-
ceptible to certain genetic polymorphisms, these polymorphisms
associate with the expression of serologically different Rh D phe-

notypes referred to as D variants including; partial D, weak D, Rh-
Del and Rh null phenotypes [2].

Rh-Del phenotype is characterized by expression of very low den-
sity of D antigen on red cells membrane. It has been reported that,
transfusion of Rh Del blood may cause both primary and second-
ary allow immunization in Rh-negative recipients [3-6]. Due to the
very low density of the antigen, serological detection of Rh Del
phenotype is only possible by adsorption/elution technique [5,7].

D antigen which does not react with anti-D at immediate spin, or
after incubation at 37 °C, but reacts at anti-human globulin (AHG)
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phase is described as weak D phenotype. This phenotype expres-
sion result from substitution in the transmembrane or intracellular
domains of the Rh-D gene, with consequent quantitative under-ex-
pression of the protein [2]. Theoretically, weak D blood may cause
immunization and/or reactions in truly negative recipients, but ac-
tually many weak D subjects can be transfused with D positive
cells with no significant harm [§].

The objective of the current study was to detect weak D, Rh Del
phenotypes among Rh-D negative Sudanese blood donors in some
blood banks at Khartoum North. Moreover; to find out the associ-
ation between these variants’ phenotypes and Rh CE phenotype.
This would provide valuable information for better management
of transfusions among Rh-negative blood recipients.

Materials and Methods

This is a cross-sectional; laboratory-based, descriptive study con-
ducted in 100 Rh-D negative blood donors at Ahmed Qasim hos-
pital, Aldroushab Specialist hospital and Ali Abdulfattah hospital
blood banks in Khartoum North city during the period from De-
cember 2021 to March 2022.

Indirect Antihuman Globulin Test for Weak D (Du meth-
od)

One drop of 3-5% washed red cells in normal ionic strength saline
was mixed with two drops of monoclonal anti-D (IgM + IgG) in
a glass test tube and incubated at 37°C for one hour. After incu-
bation, agglutination was read. Then, the red cells were washed
three times with normal ionic strength saline. Two drops of an-
tihuman globulin (AHG) serum were added, the tube was spin at
3000 rpm for 15 seconds. Then agglutination was read, positive
agglutination recorded as weak D. Samples showed negative anti-
human globulin test were then subjected to adsorption-elution test
for Rh-Del detection.

Adsorption-Elution Technique for Rh-Del

Elution reagent was prepared with the following ingredients {ac-
id-glycine (0.1M glycine-HCL buffer - pH 1.5) / EDTA (10%
EDTA with ratio of 4: 1)}.

Adsorption Technique
Equal volumes (200uL) of washed red cells and monoclonal an-

ti-D (IgM + IgG) were mixed and incubated at 37°C for one hour.
After incubation, six times washes were performed thoroughly us-

ing normal saline. The supernatant of the last wash was reserved
for further check.

Elution Technique

sensitized, washed RBCs (from the previous step) was then incu-
bated with equal volume of the elution reagent at room tempera-
ture (22-24°C) for one minute. Then, 28 pl of 1 MTRIS-NaCL
was added to the mixture and the tube was placed in the centrifuge
at 1000 rpm for one minute, then solution eluate was collected
from the top of the tube. The pH of the product was adjusted by
IMTRIS-NaCL to (7.0--7.4).

The eluate was used for indirect anti-human globulin testing using
RhD-positive cells. Eluate that agglutinate RhD-positive cells in-
dicates Rh-Del phenotype, while no agglutination was considered
truly RhD-negative phenotype. The supernatant of the last wash of
the adsorption step was used as control, and it gave negative AHG
results with RhD-positive and negative RBCs.

Rh CE serotyping
Anti-CDE reagent was used for Rh CE typing, all samples were
typed by immediate spin tube method technique.

Statistical Analysis

Data were analyzed using SPSS program (Statistical Package for
Social Science) version 23. Frequencies and percentages were cal-
culated for the tested phenotypes. Association testing was done
by Chi square test. P values < 0.05 were considered statistically
significant.

Results

Among the tested donor samples, 7% of Rh-negative donors were
Rh Del, 5% were weak D phenotype, while the remaining 88%
were truly Rh D negative. Rh CE typing was done for the 100 Rh
negative samples to find out the association Rh CE and Rh D vari-
ants. Statistically significant associations were observed between
Rh CE and Rh Del and weak D phenotypes; while true Rh D neg-
ative phenotype was significantly associated with negative Rh CE
phenotype (All P values < 0.05) (Table .1).

Table 1: Association of Rh CE antigens with Rh D phenotypes (Rh D negative, Rh DEL, Weak D)

Rh D phenotypes Rh CE P. value
Rh CE (+) Rh CE (-)
Rh D negative (n=88) 10 (11%) 78 (89%) 0.000
Rh DEL (n=7) 7 (100%) 0 (0%)
Weak D (n=5) 4 (80%) 1 (20%)
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Discussion

Rh incompatibilities are among the significant causes of hemolytic
transfusion reactions. Rh negative recipients are at risk for these
reactions if the transfused blood possess Rh antigen, even in small
amount, which is the case in the D variants phenotypes. Therefore;
careful identification of Rh D phenotype on the blood units to be
transfused for negative recipients, is of great importance. In this
study, the existence of Rh-Del and weak D phenotypes were se-
rological tested in 100 Rh-negative Sudanese donors from some
blood bank centers at Khartoum North. The Rh-Del type was ob-
served in 7% of the studied population which is comparable to fre-
quencies obtained in some previous studies. These include studies
done in North India and Malisya which demonstrated that; in Rh
D-negative donors, Rh-Del phenotype frequencies were 1.5% and
2.3% respectively [9,10]. At the other hand, our finding is quite
higher than what had been observed in other nationalities like the
0.1% in German donors and > 1% in Austrians and Brazilians
[11,12].

Higher frequencies were observed in other studies including a
study from Yangon, Myanmar which demonstrated that, 15.8%
were Rh-Del phenotype and 9% were weak D phenotype [13].
Comparable Rh-Del frequencies were observed in different Chi-
nese populations ranging between 2.4% up to 23.3% [14].

Another finding of our study is that; weak D phenotype repre-
sent 5% of Rh-negative blood donors, this finding is agree with
previous studies in Nigeria and African countries which reported
prevalence rates ranging from 0.95 to 4.9% [15-17]. While another
study done in Kano; northwest Nigeria observed that, 10.6% of
participants were typed as weak D, which is higher comparing to
other African countries (2.0-2.6%) [18,19]. However; D variants
reported among African-Americans in the USA represents 9.8%,
as well as in Canadian population 36% and Brazil 8.4% [20-22].
These variations in prevalence across different populations could
be explained by the ethnic diversities. Moreover; Rh-Del is char-
acterized by very low density of antigen D, so it might be misiden-
tified and the actual frequency could be higher than what has been
observed.

Third finding of this study is the association of Rh CE positive
phenotype with Rh-Del and weak D phenotypes. This finding is in
lin3 with previous observations in Thai and Chinese nationalities
[23,24]. A limitation of this study is that; the Rh-CE serotyping
was done by a combined anti-CE sera, while the ¢ and e antigens
were not determined due to reagents in availability in the Sudan.

Conclusion

Among the Rh-D negative donors, variant D phenotypes were ob-
served. Therefore, attention for this category among Rh D negative
donors is required to prevent allo immunization in truly negative
patients.
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