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Purpose: Knowledge of the prevalence of blood group antigens in a given population is
important for the prevention of hemolytic reactions. The MNS blood group system (002) has
four polymorphic antigens—M, N, S, and s. Anti-S and anti-s antibodies may result in
immediate and delayed hemolytic transfusion reactions, and hemolytic disease of the fetus
and newborn may occur. The present study investigated the frequencies of the main antigens
and phenotypes of the MNS blood group system.

Subjects and Methods: We randomly obtained 149 samples from anonymous Saudi blood
donors living in Jazan Province. Serotyping was conducted using a gel card to investigate
(M, N, S, and s) antigens and phenotypes.

Results: The frequencies of MNS antigens were as follows: M = 89.26%, N = 51.67%, S =
61.07%, and s = 82.55%. Regarding the MNS phenotypes, nine phenotypes were observed in
the study population. The most common phenotype was M+N—-S+s+ (n = 36, 24.16%), in
contrast to the least common phenotype M+N-S—s— (n = 1, 0.67%). The prevalence of the
MNS phenotypes in the current study population was highly and significantly different from
that in Europeans (P = 0.044) and African Americans (P = 0.000).

Conclusion: In summary, this study reports the frequencies of the MNS antigens
and phenotypes in Jazan Province, Saudi Arabia. The most common phenotype was M+N-—
S+s+, whereas the least observed phenotype was M+N—S—s—. The outcomes of this study
may assist the blood banks in Jazan Province to establish an extended phenotyping protocol
including the MNS antigens, in particular S and s antigens, to preclude any alloimmunization
events.
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Introduction

Following the discovery of the ABO blood group system, Landsteiner and Levine
identified the first two antigens of the MNS blood group system, the M and
N antigens.' This is the second and most complex blood group system discovered,
after the RH system, comprising 50 antigens.” Interestingly, it is the only system
that is represented by three homologous genes, GYP4, GYPB, and GYPE.> The
antigens of the MNS system are completely expressed at birth and are carried on
two carrier molecules, glycophorin A (GPA) and glycophorin B (GPB). GPA carries
the M and N antigens, whereas GPB carries the S and s antigens.”

The most abundant red cell sialoglycoprotein is GPA, with a copy number per red
cell of approximately 1x10°. In contrast to O-glycans that are observed in the amino
termini of both GPA and GPB, N-glycan is found exclusively on GPA in an amino
acid (asparagine) at position 26.° However, the O-glycans carry most of the sialic
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acids that are found on the red cells, which contribute to the
net negative charge that prevents the red cells from sticking
to each other. In addition, it precludes the adherence of the
red cells to the endothelial cells of the blood vessels.” The
negatively charged glycocalyx “cell coat” shields the red
cells from invasion by foreign pathogens.®’

GPA deficiency in the red cells makes them more resis-
tant to invasion by the malarial parasite Plasmodium falci-
parum due to the reduced level of sialic acid, which appears
to be vital for parasitic adherence to the red cells.'®'?
Moreover, there is evidence that the influenza virus and the
encephalomyocarditis virus target the sialic acid attached to
GPA and GPB.%" Furthermore, both GPA and GPB act as
chaperones for band 3 transport to red cell membrane.'*

The anti-M and anti-N antibodies are clinically benign
because they are naturally occurring IgM antibodies, and this
can be neglected in the transfusion practice if they react at
37°C. A few cases of anti-M and anti-N causing hemolytic
transfusion reactions (HTR) have been reported in addition to
cases of hemolytic disease of the fetus and newborn
(HDFN)."> Anti-S, anti-s, and anti-U are IgG antibodies
and have been found to be involved in both immediate and
delayed HTR and HDFN. HDFN is reportedly caused by
many low-prevalence MNS antibodies, and this is typically
the method by which they are discovered. HTR can be caused
by allo-anti-En®, whereas fatal and severe autoimmune
hemolytic anemia can be caused by auto-anti-En® '¢'®

Reports on the frequencies of MNS antigens and pheno-
types vary from one ethnicity to another.'® 2" In the Kingdom
of Saudi Arabia, a single study, which was conducted in the
Eastern Province of Saudi Arabia, reported the frequencies of
the MN'S antigens and their relevant phenotypes.?? The Jazan
Province is an area where sickle cell disease and thalassemia
are endemic.”*** Therefore, to preclude the risk of alloim-
munization, it is crucial to determine the frequency of the
antigens for such patients, who are dependent on blood
transfusion and receive multiple blood units.*

This study aimed to investigate the frequencies of the
MNS blood group system (M, N, S, and s) antigens among
Saudi blood donors in Jazan Province, southwestern Saudi
Arabia. Furthermore, the phenotypes of this system were
determined.

Materials and Methods
Blood Samples

We collected 149 blood samples in ethylenediaminetetraa-
cetate tubes. The study was conducted in Jazan Province,

Saudi Arabia, between March 2021 and August 2021. This
study was approved by Jazan Hospital Institutional Review
Board (NO. 2017). The samples were obtained from anon-
ymous Saudi citizens living in Jazan Province. They volun-
tarily donated blood at the blood bank of Prince Muhammad
bin Nasser Hospital after signing a consent form and com-
pleting the donation card prior to blood donation.

Immunohematology

Serotyping was carried out using a commercial kit based
on the gel card technology ID card antigen profile-III (M,
N, S, s, Fya, Fyb), following the manufacturer’s instruc-
tions (DiaMed GmBH, Cressier, Switzerland). A 0.8% red
cell suspension was prepared by mixing 1.0 mL of ID-
Diluent 2 (DiaMed GmBH) with 20 pL of whole blood.
A total of 50 uL of 0.8% red cell suspension was added to
all microwells of the gel card, followed by the addition of
50 pL of ID-test sera to the appropriate microwells. The
specimens were then incubated at room temperature for 10
min followed by centrifugation at 85 Xg in the ID-
Centrifuge (DiaMed GmBH).

Interpretation of Results

A pellet at the bottom of the microwells resulting from the
reaction indicated a negative result and the absence of the
relevant antigen. Conversely, a positive result, graded (1+,
2+, 3+, and 4+) depending on the strength of the reaction,
forming a distinct red line or cell diffusion, indicated the
presence of the corresponding antigen.

Statistical Analyses

The sample size was calculated as in our previously pub-
lished work.?® The prevalence of the MNS antigens as
well as phenotypes were presented and standardized as
a percentage. To compare the frequencies of phenotypes
in the Jazani population with those in the other ethnicities,
a chi-squared test was performed. P-values <0.05 and
<0.01 indicated significant and highly significant differ-
ences, respectively.

Results

We investigated 149 samples for determining the frequen-
cies of antigens and phenotypes of the MNS blood group
system. Table 1 presents the prevalence of the MNS antigens
among the Saudi blood donors living in Jazan Province,
Saudi Arabia. The M antigen was the most prevalent antigen
observed among 133 (89.26%) samples, whereas the
N antigen was the least prevalent antigen and was found
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Table | The Frequencies of MNS Blood Group Antigens in Jazan
Province, Saudi Arabia

Antigen Observation (n) Frequency (%)
M 133 89.26
N 77 51.67
S 9l 61.07
s 123 82.55

only in 77 samples (51.67%). The frequencies of the S and
s antigens were 91 (61.07%) and 123 (82.55%), respectively.

Nine phenotypes were observed in the Jazani popula-
tion. Table 2 demonstrates the prevalence of the MNS
phenotypes. The most common phenotype of the MNS
blood group was M+N—S+s+ (n = 36, 24.16%), compared
with the least common phenotype M+N-S—s— (n = 1,
0.67%). Two phenotypes, M+N+S+s+ and M+N+S—s+,
had the same prevalence (n = 24, 16.12% each). The
phenotype M+N—-S—s+ was found in 23 (15.43%) indivi-
duals, whereas the phenotype M—N+S+s+ was found only
in 6 (4.02%) individuals. Three phenotypes were not
observed in the present study, including M+N+S—s—, M-
N+S+s—, and M-N+S—s—. Table 3 shows a comparison of
the phenotype frequencies between the different local eth-
nic groups in Saudi Arabia and worldwide.

Discussion
Knowledge of the frequencies of blood group antigens and
phenotypes is essential in transfusion practice. This may

help reduce the risk of alloimmunization, especially in

Table 2 Frequencies of MNS Phenotypes in Jazan Province, Saudi
Arabia

Phenotype Observation (n) Frequency (%)
n =149
M+N-S+s— 12 8.05
M+N-S+s+ 36 24.16
M+N-S—s+ 23 15.43
M+N-S—s— | 0.67
M+N+S+s— 13 8.72
M+N+S+s+ 24 16.12
M+N+S—s+ 24 16.12
M+N+S5—s— 0 0
M-N+S+s— 0 0
M-N+S5-s+ 10 6.71
M-N+S5—s— 0 0
M-N+S+s+ 6 4.02
Total 149 100%

transfusion-dependent patients, by aiding the selection of
compatible blood units.?’

Previous studies reported the frequencies of ABO, RH,
KEL1, Duffy, and Kidd blood groups among Saudi blood
donors in Jazan Province.****2

In the present study, we investigated the frequencies of
MNS antigens in Saudi blood donors living in Jazan
Province. The gel card technology was used to analyze
the MNS antigens because it is a simple, reproducible, and
cost-effective test, which is not labor-intensive.*°

The prevalence of the antigens in the present study was
as follows: M antigen (89.26%), N (51.67%), S (61.07%),
and s (82.55%). Interestingly, these observations were
relatively similar to the frequencies in the Eastern
Province of Saudi Arabia. Owaidah et al reported the
frequencies of the MNS antigens as follows: M antigen
(87%), N (52%), S (59%), and s (83%).>> These simila-
rities are noteworthy, although there may be geographical
variations and ethnic background differences between the
individuals of Jazan Province and Eastern Province.
However, the frequencies of some phenotypes were
different.

Regarding the MNS phenotypes, nine phenotypes were
found in the Jazani population. The most common pheno-
type was M+N-S+s+ (24.16%). A study in the Eastern
Province reported a similar finding that this phenotype was
the most common (24%).%*> The frequency of this pheno-
type was considered to be high in the present study com-
pared to that in Europeans (14%, P < 0.05), African
Americans (7%, P < 0.01), and Indians (14.8%)."" '
Conversely, the least observed phenotype in the Jazani
population was M+N-S—s— (0.67%). This phenotype was
previously exclusively found in African Americans
(0.4%).%° Indeed, there was a highly statistically signifi-
cant difference between the frequencies of MNS pheno-
types in the Jazani population compared to that in African
Americans (P < 0.01) [Table 3]. This may reflect the
immigration of some tribes of Africa who have lived in
Jazan Province many years ago.

Many variations were observed between the frequen-
cies of the phenotypes in the Jazani population when
compared with those in Europeans (P < 0.05) [Table 3].
The frequencies of some phenotypes were relatively simi-
lar in the present study compared with the findings in the
Eastern Province.”? These include the frequencies of M
+N-S—s+, M+N+S+s+, M-N+S—s+, and M-N+S+s+.
Interestingly, the frequency of the phenotype M+N-S—s+
observed in the present study (15.43%) was very similar to
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Table 3 MNS Phenotype Frequencies in the Jazan Province Among Different Ethnicities

Phenotype | Jazan Province (Saudi Eastern Province (Saudi White (%)'® | African American (%)*° | Indian (%)*'

Avrabia) (%) Arabia) (%)

n =149 n =100 n = 1000 n = 1322 n=317
M+N-S+s— | 8.05 11 5.7 2.1 79
M+N-S+s+ 24.16 24 14 7 14.8
M+N-S—s+ 15.43 13 10.1 15.5 15.8
M+N-S-s— | 0.67 0 0 0.4 0
M+N+S+s— | 872 3 39 22 347
M+N+S+s+ | 16.12 15 224 13 19.55
M+N+S—s+ | 16.12 21 22.6 334 13.88
M+N+S—s— | 0 0 0 0.4 0
M-N+S+s— | 0 3 0.3 1.6 1.26
M-N+S—s+ | 6.71 7 15.6 19.2 13.88
M-N+S—s— | 0 0 0 0.7 0
M-N+S+s+ | 4.02 3 54 4.5 9.46
P-values’ Jazan/Eastern Jazan/White Jazan/African American Jazan/Indian

P =0.53 (>0.05) P =0.044 P = 0.000 (<0.01)¢ P=0.:212
(<0.05)* (>0.05)

Notes: *Significant. SHighly significant.

that in African Americans and Indians

(15.8%).2%%!

(15.5%)

Conclusion

In conclusion, the frequencies of the MNS antigens were
determined. Furthermore, nine phenotypes were identified
in the Jazan Province of Saudi Arabia, among which the
most prevalent one was M+N—S+s+. This study may assist
the blood banks in Jazan Province to establish extended
phenotyping for transfusion-dependent patients and
include the MNS antigens, in particular the S and

s antigens, for best transfusion practices.
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