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Introduction: The understanding of blood group phenotypes in Saudi Arabia is limited to

the ABO and Rh blood groups. Data for the other major blood group phenotypes in different

populations have been widely studied and used as a reference for identifying antigen-

negative blood in hospital blood banks. Such information is crucial for facilitating the

challenging task of providing antigen-negative blood for patients with multiple antibodies.

Objective: The aim of this study was to determine the frequency of the major blood group

phenotypes in the Eastern region of Saudi Arabia and compare them to phenotypes in other

populations.

Methods: A total of 100 volunteer Saudi donors were included in this study. Red blood cells

from the donors were subjected to antigen typing of the major blood group systems (Rh,

Kell, Kidd, Duffy, MNS, Lewis, Lutheran, and P) using the gel microtube technique.

Results: From the Rh blood group system, the e antigen was found in 97% of donors,

followed by c at 86%. The Cellano (k) antigen of the Kell system was found in all donors,

whereas the Kell (K) antigen was only found in 8 % of donors. The K+k- phenotype was not

detected in our study. Unexpectedly, for the Duffy blood group system, the null phenotype Fy

(a-b-) was found in 61% of donors. In the MNS blood group system, M+N-S+s+ was the

most common phenotype at 24%.

Conclusion: The frequency of blood group phenotypes in the Eastern region of Saudi

Arabia differs from that in other populations because of the diverse ethnic backgrounds of

those living in that region. The findings of this study can be used to establish a local donor

registry to help provide antigen-negative blood for patients with unexpected antibodies or to

create an in-house antibody identification panel to add to the commercial panel that would be

useful for confirming antibody identification results.
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Introduction
The main function of any blood bank is to provide safe and compatible blood or

blood component units to patients in a timely manner.1 However, this goal may be

challenging if patients have been identified with alloantibodies in the absence of

a local database of donor phenotypes. The International Society of Blood

Transfusion has identified 346 blood group antigens, 308 of which were classified

into 36 blood group systems, and the remaining 38 antigens were clustered into
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collections, low-frequency series (700), high-frequency

series (901) and collection series (200).2 Blood group

phenotypes show varying distributions among different

populations and ethnic groups, which has been reported

in African, Caucasian, Chinese and Indian populations.

However, reports of blood group phenotypes in Saudi

Arabia are limited to the ABO and RhD blood group

systems.3–7 No reports on the distribution of the various

blood group phenotypes are available in the Eastern region

of Saudi Arabia. Saudi Arabia is a large and multi-national

country with a diverse ethnic background, particularly in

the East and West because of its proximity to the sea,

resulting in a long history of immigration.

The Eastern region of Saudi Arabia has a high preva-

lence of hemoglobinopathies compared to other regions in

the kingdom, with 111.4 cases of Sickle Cell Disease

(SCD) per 1000 individuals and 23.7 cases of

Thalassemia per 1000 individuals for sickle cell disease.8

As a result, patients with haemoglobinopathies require

multiple transfusions, which is a major part of their treat-

ment regimen. Therefore, providing phenotypically

matched packed red blood cells may be challenging in

the absence of a local donor database.

The aim of this study was to determine the major blood

group antigen frequencies in the eastern region of Saudi

Arabia using the gel method and to provide a foundation

for initiating development of a database for volunteer

blood donors to enable antigen-negative blood to be pro-

vided to patients with alloantibodies. This will help to

reduce phenotyping and crossmatching turnaround times

and utilize blood bank resources in a cost-effective

manner.

Materials and Methods
Sample Size and Inclusion Criteria
The sample size was calculated as described by Faul et al

using G*Power3.1 software.9 Briefly, using G*Power 3.1

software, the sample size was estimated at 87 samples.

This assumes a significant level of 5 % and power of 80%.

This sample size can be used to detect a significant differ-

ence if the estimated prevalence (alternative) differs from

the null value of 0.4290 by an amount of 0.15. In this

study, the sample size was rounded up to 100 cases.

Donor Inclusion Criteria
All participants were Saudi volunteer blood donors ful-

filling the national blood transfusion guidelines in Saudi

Arabia, including age, medical history, and infection

criteria.

Sample Collection and Preparation of Red

Cell Suspension
A sample of 5 mL of EDTA-anticoagulated blood was drawn

from each donor. Packed red cells from each donor were

prepared. A 5 % suspension in ID-diluent-1 (Bromlin,

DiaMed GmBH, Cressier, Switzerland) was prepared for anti-

gen profiles I and II, and a 0.8% suspension in ID-diluent-2

(Low Ionic Strength Saline (LISS), DiaMed GmBH, Cressier,

Switzerland) was prepared for antigen profile III.

Extended Red Cell Antigen Typing
For the Rh subgroups+K (C, c, E, e, and K), ID card antigen

profile-I (P1, Le
a, Leb, Lua, Lub) and ID-card antigen pro-

file-II (k, Kpa, Kpb, Jka, Jkb), 5% of red cell suspension in

ID-Diluent-1 (Bromlin) was used for phenotyping as per the

manufacturer’s instructions (DiaMed GmBH). Briefly,

12.5 µL of the 5% red cell suspension was pipetted into

all 6 microtubes containing specific test anti-sera. All cards

were centrifuged for 10 min at 85 ×g using the

ID-Centrifuge.

For ID card antigen profile-III (M, N, S, s, Fya, Fyb),

a 0.8% red cell suspension was used for antigen typing as

per the manufacturer’s instructions (DiaMed GmBH).

Briefly, 50 µL of 0.8% of red cell suspension was pipetted

into all 6 microtubes, and then 50 µL of ID-test sera were

added to the corresponding microtubes. The ID-cards were

incubated for 10 min at room temperature then centrifuged

for 10 min at 85 ×g in the ID-Centrifuge.

Interpretation of Results
Positive

Agglutinated cells form a line on the surface of the micro-

tube or diffuse throughout the gel. The results were graded

from 4+ to 1+ depending on cell diffusion, indicating the

presence of the corresponding antigen.

Negative

Accumulation of red cells as a compact button in the

bottom of the microtube indicated the absence of the

corresponding antigen.

Statistical Analysis
The Statistical Package for Social Sciences (SPSS for win-

dows version 19. Armonk, NY, USA) was used to conduct

a meta-analysis to compare the results from this study with
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other populations. All results were standardized to percen-

tages. A binary logistic regression was used to find the odds

ratio (OR), where the reference category was the results of

our study. P-value was considered significant if it was < 0.05.

Results
One hundred blood donor samples were typed for antigens

of major blood group systems (Rh, Kell, Kidd, Duffy, MNS,

P, Lewis, and Lutheran). For the Rh blood group system, all

samples were typed for D, C, E, c, and e. Of these, 80% of

the donors were RhD-positive and 20% were RhD-negative.

Table 1 shows the antigen frequency of the Rh antigens. The

e antigen showed the highest frequency of 97%, followed by

c antigen and D antigen (86% and 80%, respectively).

In addition, Table 1 shows the bivariate association

between the study sample and results from other popula-

tions (ie, Indian, Caucasian, African, and Chinese). The

results indicate a statistically significant difference in the

Antigen D, C, and c between the Saudi population and

other populations. In the Chinese population, the odds of

having the D antigen is 24.8 times higher compared to

Saudi, and the C antigen is 5.6 times higher compared to

the Saudi population. While, Africans were 7.9 times more

likely to have the c antigen compared to the Saudis.

Table 2 shows the prevalence of Rh phenotypes detected

in this study in comparison to other populations, DCCee for

example was significantly higher in both the Chinese popu-

lation and Indian populations compared to the Saudi popula-

tion (OR= 4.3 and 4.8, respectively). Furthermore, the odds

of having the Dccee phenotype in the African population is

7.9 times higher compred to the Saudi population. All RhD-

negative donors expressed the commonly associated anti-

gens c and e, which is seen in Table 2. Weak D antigen was

not observed in any of the donors in this study.

The antigen frequencies and blood group phenotypes

of other major blood groups were also tested in this study.

Some red cell antigens in the current study are signifi-

cantly different compared to other populations (ie, Indian,

Caucasian, African, and Chinese) (Table 3). For example,

the s antigen is 21.6 times higher in the Chinese popula-

tion compared to the Saudi population Furthermore, inter-

estingly the odds of having the antigen Fya in the Chinese

population is 365 times higher, and 21.6 times higher in

the Indian population compared to the Saudi population.

While the odds of having Antigen Fyb is 17.3 times higher

in the Caucasians compared to the study population.

When assessing the percentage of Kell, Kidd, and

Duffy blood groups in the current study and other study,

it was found that there was significant differences

Table 1 Distribution of Rh Antigens in Blood Donors of Eastern Region of Saudi Arabia in Comparison to Other Populations

Antigen Current Study Indian13 Caucasian14 African14 Chinese12

% % OR % OR % OR % OR

D 80 93 3.3* 83 1.2 92 2.9* 99 24.8**

C 59 85 3.9*** 68 1.5 27 0.3*** 89 5.6***

c 86 53 0.2** 80 0.7 98 7.9** 58 0.2***

E 21 18 0.8 29 1.5 22 1.1 51 3.9***

e 97 98 1.5 98 1.5 98 1.5 92 0.4

Notes: *P<0.05, ** P<0.01 and ***P<0.001.

Table 2 Prevalence of Rh Phenotypes Detected in This Study in Comparison to Other Populations

Phenotype Current Study Indian13 Caucasian14 African14 Chinese12

% % OR % OR % OR % OR

DCCee 14 44 4.8*** 19 1.4 2 0.1* 41 4.3***

DCcEe 9 8 0.9 13 1.5 4 0.4 39 6.5***

DCcee 36 30 0.8 35 0.9 21 0.5* 8 0.2***

DccEE 3 1 0.5 2 0.7 0 0.2 7 2.1

DccEe 9 9 1 12 1.4 19 2.4* 4 0.4

Dccee 9 1 0.2* 2 0.3 46 7.9*** 0 0.1*

dccee 20 6 0.3** 15 0.7 7 0.3* 0 0.0**

Notes: *P<0.05, ** P<0.01 and ***P<0.001.
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(Table 4), namely: K-k+, K+k+, Jk(a+b-), Jk(a-b+), Fy(a

+b-), Fy(a-b+), Fy(a+b+), Fy(a-b-). The odds of having Fy

(a+b-) phenotype in the Chinese population is 25.6 times

higher compared to the Saudi population, while the odds

of having it in the Indian population is 3.8 higher

compared to the study population. In addition, the odds

of Fy(a+b+) phenotype in the Indian and Caucasian popu-

lations are significantly different that the Saudi population

(OR= 14.3 and 18.3, respectively). As, the Fya and Fyb

were both found in 22% of the population in our study

Table 3 Prevalence of Red Cell Antigens in the Current Study and Other Populations

Antigen Current Study Indian13 Caucasian14 African14 Chinese12

% % OR % OR % OR % OR

K 8 6 0.7 9 1.1 2 0.2 0 0.1*

k 100 100 1 99 0.5 100 1 100 1

P1 85 72 0.5 79 0.7 94 2.8* 38 0.1***

Lea 32 21 0.6 22 0.6 23 0.6 18 0.5*

Leb 52 61 1.4 72 2.4** 55 1.1 63 1.6

Lua 2 1 0.5 8 4.3 5 2.6 1 0.5

Lub 99 97 0.5 100 2 100 2 100 2

Kpa 0 1 2 2 3.1 0 1 0 1

Kpb 100 100 1 100 1 100 1 100 1

Jka 86 83 0.8 77 0.6 92 1.9 68 0.4*

Jkb 60 67 1.4 74 1.9* 49 0.6 76 2.1*

M 87 75 0.5* 78 0.5 74 0.4* 77 0.5

N 52 62 1.5 72 2.4* 75 2.8* 73 2.5*

S 59 56 0.9 55 0.9 31 0.3*** 10 0.1***

s 83 87 1.4 89 1.6 93 2.5* 100 21.6**

Fya 22 87 21.6*** 66 6.6*** 10 0.4* 100 364.9***

Fyb 22 56 4.5*** 83 17.3*** 23 1.1 15 0.6

Notes: *P<0.05, ** P<0.01 and ***P<0.001.

Table 4 Percentage of Kell, Kidd and Duffy Blood Group Phenotypes in Current Study and Other Populations

Blood

Group

System

Phenotype Current

Study

Indian13 Caucasian14 African14 Chinese12

% % OR % OR % OR % OR

Kell

K+k- 0 0 Not applicable 0 Not applicable 0 Not applicable 0 Not applicable

K-k+ 92 94 1.3 91 0.9 98 3.2 100 9.8*

K+k+ 8 6 0.7 9 1.1 2 0.3 0 0.1*

K-k- 0 NA Not applicable NA Not applicable NA Not applicable NA Not applicable

Kidd

Jk(a+b-) 40 33 0.7 26 0.5* 51 1.6 24 0.474*

Jk(a-b+) 14 17 1.3 23 1.8 8 0.5 32 2.891*

Jk(a+b+) 46 49 1.1 50 1.2 41 0.8 44 0.922

Jk(a-b-) 0 0 Not applicable Rare Not applicable Rare Not applicable 1 Not applicable

Duffy

Fy(a+b-) 17 44 3.8*** 17 1 9 0.5 84 25.6***

Fy(a-b+) 17 13 0.7 34 2.5* 22 1.4 1 0.0*

Fy(a+b+) 5 43 14.3*** 49 18.3*** 1 0.2 14 3.1*

Fy(a-b-) 61 Rare 0.0*** Rare 0.0*** 68 1.4 1 0.0***

Notes: *P<0.05, ** P<0.01 and ***P<0.001
Abbreviation: NA, data not available; Rare, present in < 0.2% of the population.
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(Table 3). Interestingly, this resulted in the detection of the

rare Fy (a-b -) phenotype in 61% of the donors in the study

(Table 4).

As for theMNS blood group system,M+N-S+s+ andM+N

+S-s+ were among the most common phenotypes at

a frequency of 24% and 21% respectively, whereas M-N+S+s

+ and M-N+S+s- were both the least common phenotypes of

the MNS blood group system at a frequency of 3% (Table 5).

Finally, for the cold blood group systems Lewis,

Lutheran, and P; 49% of donors were Le (a-b+) and 97%

were Lu (a-b+). The rare Lu(a+b+) and Lu(a-b-) were both

found in this study at a frequency of 2% and 1 %, respec-

tively (Table 5). The rare Le(a+b+) phenotype was

observed in 3% of donors. The P1 antigen was observed

in 85% of donors in this study (Table 3).

Discussion/Conclusion
In the present study we determined the frequency of the

major blood group phenotypes (Rh, Kell, Kidd, Duffy,

MNS, P, Lewis, and Lutheran) among the blood donors

in the Eastern region of Saudi Arabia using gel method.

The study showed that the frequency of these blood group

phenotypes differs in between the Central region of Saudi

Arabia and other populations.

As the Eastern region of Saudi Arabia has the highest

prevalence of SCD and Thalassemia, local blood banks face

the challenge of providing antigen-negative donor units for

such patients who require frequent packed red blood cell

transfusions as part of their therapeutic regimen.8 Therefore,

determining the antigen frequencies of the local donor popu-

lation is essential for facilitating routine blood banking

practices providing blood to patients in a timely manner,

while preventing future alloimmunization.10

The antigen frequencies of major blood group systems

have been widely reported in the Caucasian, African,

Indian, and Chinese populations.11–14 However, informa-

tion on antigen frequencies in Saudi Arabia has been

limited to the ABO and Rh blood group systems.3–5,7 To

the best of our knowledge, this is the first study to report

the extended antigen phenotyping of the major blood

group systems in Saudi Arabia, specifically in the

Eastern region.

The incidence of D antigen varies in different popula-

tions; in our study, the D antigen was found to be present

in 80% of the population, which was comparable to that in

the Caucasian population. However, the D antigen was

highly expressed in the Chinese and African population

with a significant difference in comparison to the findings

Table 5 Percentage of Lewis, Lutheran and MNS Blood Group Phenotypes in Current Study and Other Populations

Blood

Group

System

Phenotype Current

Study

Indian13 Caucasian14 African14 Chinese12

% % OR % OR % OR % OR

Lewis Le(a+b-) 29 21 0.7 22 0.7 23 0.7 14 0.4*

Le(a-b+) 49 61 1.6 72 2.7* 55 1.3 59 1.5

Le(a+b+) 3 0 Not applicable Rare Not applicable Rare Not applicable 4 1.4

Le(a-b-) 19 19 1 6 0.3* 22 1.2 23 1.3

Lutheran

Lu(a+b-) 0 0 Not applicable 0 Not applicable 0 Not applicable 0 Not applicable

Lu(a-b+) 97 96 0.7 92 0.4 92 0.4 98 1.5

Lu(a+b+) 2 1 0.5 7 3.7 7 3.7 1 0.5

Lu(a-b-) 1 3 3.1 Rare Not applicable Rare Not applicable 0 Not applicable

MNS M+N-S+s- 11 8 0.7 6 0.5 2 0.2* 0 Not applicable

M+N-S+s+ 24 15 0.6 14 0.5 7 0.2* 4 0.1***

M+N-S-s+ 13 16 1.3 8 0.6 16 1.3 23 2.0

M+N+S+s- 3 3 1 4 1.4 2 0.7 0 Not applicable

M+N+S+s+ 15 20 1.4 24 1.8 13 0.9 4 0.2*

M+N+S-s+ 21 14 0.6 22 1.1 33 1.9 46 3.2***

M-N+S+s- 3 1 0.3 1 0.3 2 0.7 0 Not applicable

M-N+S+s+ 3 9 3.2 6 2.1 5 1.7 1 0.3

M-N+S-s+ 7 14 2.2 15 2.4 19 3.1* 21 3.5*

Notes: *P<0.05, ** P<0.01 and ***P<0.001; NA= data not available; Rare= present in < 0.2% of the population.
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in our study with an odds ratio (OR) of 2.9 and 24, and

a significant p-value of <0.05 and < 0.001 respectively

(Table 1). Similarly, the frequency of both the C and

c antigen were comparable to the Caucasian population.

The frequency of the C antigen in our study was detected

in 59% of donors, which was significantly less than those

found in the Indian and Chinese population (p<0.001), yet

higher than the African population (p<0.001)

(Table 1).13,14 A similar study was conducted by Nomani

et al, on blood donors in the Central region of Saudi

Arabia, where the D antigen was found at 91.3% in com-

parison to 80% in our study.15 Similarly, with the

C antigen which was found at 59% in our study compared

to 69.2% in the Central region. These findings highlight

the differences in antigen expression in the various regions

of Saudi Arabia, which proves that Saudi Arabia has

a diverse ethnic background. Overall the antigen and phe-

notypic expression of the Rh blood group system in this

study was found to be closer to those of the Caucasian

population than any of the other populations.

In the Kell blood groups system, our findings revealed

8% of our donors expressed the K antigen, which was

comparable to that in the Caucasian and Indian

populations.13,14 The k (cellano) antigen was detected in

100% of our donors which was also comparable to values

reported in all other populations.12–14

The Duffy blood group antigens function as receptors

for malaria parasites, specifically Plasmodium vivax.

Malaria infections caused by P. vivax affects approxi-

mately 80 million individuals worldwide.16 Individuals

with the Duffy null phenotype Fy (a-b-) are resistant to

malaria infections caused by P. vivax as they lack the

receptor that allows parasite invasion into the red cells.

The null phenotype is common among the African popu-

lation living in an endemic area for malaria with

a prevalence of approximately 68%, while in other popu-

lations such as the Indian, Chinese, and Caucasians, this

phenotype is rare.12–14 Unexpectedly, in our study, this

null phenotype showed a prevalence of 61%, which is

similar to the African population as well as the overall

phenotypes of the Duffy blood groups system (Table 4).

However, a study conducted in the Central region of

Saudi Arabia observed Fy (a-b-) only in 36% of their

donors, which was lower than the value found in our

study.15 This finding in addition to the differences in Rh

antigen expression indicate that phenotype frequencies in

different regions of Saudi Arabia vary between areas,

emphasizing the importance of documenting blood

group phenotypes nationally to help minimize the search

for antigen-negative blood when necessary.

The cold blood group system Lewis was the most

common phenotype found in our study, with Le (a-b+)

showing a prevalence of 49%, which is close to the

value observed in the African population (55%). The null

Le(a-b-) was detected in 19% of our donors, showing

a similar frequency to both the Indian, Chinese and

African populations, and significantly than in the

Caucasian population, which was found to be 6%

(p<0.05).12–14 For the Lutheran blood group system, the

most common phenotype detected was Lu (a-b+) at

a frequency of 97%; this value is similar to those in all

other populations.

The M+N-S+s+ and M+N+S-s+ phenotypes from the

MNS blood group system were found in our donors at

a frequency of 24% and 21%, respectively; however, they

were not the most common MNS phenotypes observed in

the other populations.12–14

As observed in this study, the frequency of the major

blood groups in the eastern region of Saudi Arabia differs

from those in not only other studied populations but also in

the central region of Saudi Arabia. The main limitation of

this study is the lack of a national registry for blood

donors, because of which the frequency of these pheno-

types cannot be generalized to the Saudi population as

a whole but remains limited to the Eastern region.

Another major limitation is the small sample size, but

the outcomes of this study may be used as a basis for

establishing local registries nationwide not only in the

Eastern region. Understanding the frequencies of the

major blood group systems other than the ABO and Rh

systems is essential for all blood banks for routine testing

and emergencies. Data may be used to help blood banks

prepare in-house antibody identification extended panels to

detect unexpected multiple antibodies when commercial

antibody identification kits are not conclusive.
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