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Abstract

To determine phenotypic and allelic frequencies of ABO Rhesus D blood groups in a Moroccans blood population, a sample 219
287 blood donors was collected from 15 different regions across the country. The overall ABO antigens frequency was 32.86%,
15.80%, 4.53% and 46.80% for blood groups A, B, AB and O, respectively. In addition, the Rhesus D positive frequency was
91.00%. The allelic frequencies found were 0.2089, 0.1078 and 0.6838 for A, B and O alleles, respectively, and 0.2999 for d
allele. The regional distribution of the ABO blood antigens showed slight differences between the studied regions. However,
statistical analysis of the regional allelic distribution of the D antigen was found highly significant (P> 0.001). A close analysis
using a z- score test showed that Ouarzazate from the South East of the country clears apart from all other regions. These
findings are concordant with the geographical and historical data of Morocco. Finally, the found distribution would be of a great
help in mapping the country’s distribution of the ABO Rhesus D blood groups and blood donors’ population.

INTRODUCTION

The erythrocytic group systems have special significance in
ethnical anthropology.1, 2, 3, 4 ABO and Rhesus blood
group systems are the first human polymorphisms
recognized at the molecular level.5 These polymorphisms
have been widely used as genetic markers to study the
characteristics of the populations.

The distribution of these two blood groups has been
repeatedly investigated in various populations all over the
world during the last several decades and their frequencies
exhibited considerable variation in different geographic
locations, reflecting the underlying genetic and ethnic
diversity of human populations.6, 7, 8, 9, 10, 11 Beside,
many variations were observed in the distribution of blood
type within human sub populations.12, 13, 14, 15

Among the western Europeans, 42% belongs to A blood
group, 9% to B blood group, 3% to AB blood group, and the
rest, 46% to O blood group. However, some of the western
Europeans show higher proportion (up to 40%) of the blood
group B. On the other hand, pure American Indians belong
almost exclusively to group O. Among white Americans, the
frequency of group A is 41%, B is 10%, AB is 4%, and O
blood group is 45%.16As it is noticed, the O blood type is

very common around the world. About 63% of humans share
it. Its highest frequency was found among the indigenous
populations of central and South America where it
approaches 100%. The lowest frequency, on the contrary,
was recorded in Eastern Europe and central Asia, where B is
common.12, 11

The Rhesus system, on the other hand, is the most complex
of all blood group systems with about 50 well established
known antigens. Moreover, this system was heavily studied
in the human population distribution. One of the major
antigens of this system is the Rhesus D (Rh D). Its frequency
varies from population to another. For example, about 85%
of Caucasians and 95% of African-Americans are Rh D
positive; whereas indigenous Africans are virtually all Rh D
positive.17, 18

Population genetics has made extensive use of this genetic
marker (ABO blood groups). It seems that adjacent
populations differ only slightly in the frequencies of
particular genes and that these differences tend to increase
with the distances separating populations.19Therefore, it is
important to have information on the distribution of these
blood groups in any population group.

Morocco is a North African country. It has a population of
more than 31 million and an area of 710,850 km?2 (Annuaire
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Statistique du MAROC 2010), it spreads between
Mauritania at the South and the Mediterranean sea in the
North. The present gene pool of the Moroccan populations
came from various origins as Berbers, Phoenicians,
Sephardic Jews, Bedouin Arabs and sub-Saharan
Africans.20, 21

Only few uncompleted studies have been conducted in
Morocco, especially the Rhesus D distribution. Beside, no
study so far had approached the eventual impact that could
have the distribution of the ABO Rhesus D in the country for
a better management of the regional and national availability
of the blood supply.22, 23, 24

In order to get completed information on the distribution of
the ABO Rh D blood groups around the country, the national
and regional phenotypic and allelic frequencies of ABO and
Rhesus D were calculated. In addition, we are expecting to
use the found ABO RhD distribution around the country for
a better management of blood units and blood donors to
balance the country’s supply for all blood groups.

MATERIALS AND METHODS

A sample of 219 287 blood donors was screened for the
determination of ABO and Rhesus D antigens. The
distribution and the origins of the samples are summarized in
Figure 1.

Figure 1

Morocco map. The numbers refer to the CRTSs locations.
The table on the right shows the sample studied from each
region.
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Blood group antigens were determined after double

determination using at least two batches of reagents supplied
by Diagast, (France) and Biotest, (Germany). The
determination RH D was realized by two batches of
polyclonal reagents. Samples negative for Rh D were
confirmed by antiglobulin technique (‘Du test’).

The expected numbers of the various phenotypes were
compared with the observed numbers by a Chi square
test.25, 26, 27

The p, q and r allelic frequencies were calculated according
to Hardy-Weinberg equilibrium (p2; 2pr; q2; 2qr; 2pq; 12):
28

Formulas and Calculations
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Statistical analysis:

All analysis were done on Excel spread sheet and Principal
analysis component were performed using the software
PAST.31

RESULTS

During 2010, 219 287 blood donors were collected and
typed for ABO Rhesus D antigens across the country. The
overall phenotypic frequencies of antigens ABO all regions
included were 0.3286 for blood type A; 0.1580 for B; 0.0453
for AB and 0.4680 for O blood group. The overall
frequencies of phenotypes Rhesus D positive and negative
are 0.91 and 0.09, respectively. Table 1 illustrates the
phenotypic frequencies in the different regions of the
country.
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Table 1

ABO and Rhesus D phenotypes frequencies in the studied
regions
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A, B and O allelic frequencies were 0.2089; 0.1078 and
0.6838, respectively (table 2). Results showed that the
distribution between regions was statistically significant
(Chi-square (12 = 44.188, ddl =28, with P> 0.05). The
Rhesus D and d allelic frequencies were found 0.7000 and
0.2999, respectively. Statistical analysis of the regional
allelic distribution of the D antigen was found highly
significant (P> 0.001; [ =259.6; 14 ddl). Following this
result we used Z-score test to compare observed Rhesus D
frequencies in all regional centres taken 2 by 2. Table 4
Analysis showed that there is different degree of significance
between the studied regions.

Table 2

ABO and Rhesus D blood allele frequencies in the studied
regions
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DISCUSSION

This research was carried out on 219 287 blood donors’
samples. The overall phenotypic frequencies to ABO blood

groups antigens in the Moroccan population was 0.32; 0.15;
0.46 and 0.04 for A, B, O and AB, respectively. The allelic
frequencies, on the other hand, were 0.20, 0.10 and 0.68 for
A, B and O, respectively.

Regional repartition of these antigens showed that blood
group A is more common in the North of the country. In
addition, the blood group O prevalence was found higher in
the South compared to the North. Statistical analysis,
demonstrated indeed that the variation between the regions
were statistically significant. The detailed analysis of the
distribution by principal component analysis (figure2) has
shown that the north provinces, Tangier (#14, in the map
firgurel), Tetouan (#15), Al Hoceima (#13), cluster together
close to the blood group A. In the contrary, Laayoune (#3)
and Ouarzazate (#1) which belong to the south region,
cluster together with the O blood group. These findings
confirm results described elsewhere 32

Figure 2
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The slight increase of the prevalence of the O blood group
appears to follow a more global gene flow from the sub-
Saharan populations, where the O blood group is at a higher
frequency compared to the A blood group.33, 34, 35

In addition, when we compare our results with those of other
populations of Africa, Europe, Asia and America, table 3,
we observed that our population is closer genetically to the
Maghreb Arab populations, 36, 37 the Sudan38 and
Egypt.39The A allelic frequency was lower in the Moroccan
population compared to Europe, white populations of
America, and Asia. However, the O allele frequency is
higher than what was observed in Europe and Asia. The B
allele frequency, on the other hand, was found to be closer to
the Italian population.37, 40, 41, 42
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Table 3
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Marvtce 0208 0107 0.683
Algenia®® 0209 0133 0667
Turdzia ¥ 0.195 0.1 0624
Sudan ¥ 0191 0140 0 66%
Egypt. (Aewam) ¥ 0180 0140 0640
Sensgal 3 0130 0143 0.707
Higesia ¥ 019 0.144 0.706
Spain 7 0305 0076 0618
France ¥ 0270 0a70 0650
Ttaty™ 0257 0.105 0642
Syprin ¥ 0236 013 0582
Jordanisn®! 0260 0134 0605
India (Phayengs/Fhurkhnls) # 0.262M 334 02120306 0526
African Amesicand? 0169 01z 0702
White Amenican®’ 0,251 noT: 0670

This study is the first to describe the distribution of the RhD
allelic frequency in Morocco. It showed variations from one
region to another, with a maximum recorded in Ouarzazate
0.95 and minimum observed in Oujda 0.89. Statistical
analysis showed a highly significant variation (I = 258.7). A
two by two comparison of all the 15 regions using, a z-score
test, showed that there is different degree of significance
between the regions studied. The presence of the D antigen
in the Ouarzazate region seemed to be different from all
other regions in the country (Table 4).

Table 4
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Beside the epidemiological and anthropological significance
of the distribution of prevalence of the blood groups across
the country, the low frequency of the Rhesus D and specially
the O negative is of great importance from a blood banker
point of view. Indeed, the Rhesus D negative blood has a
strategic meaning in the management of blood units’ supply.
O negative blood units are the best choice for transfusion of

red cell in an emergency. Besides, it is well documented that
blood services worldwide have encountered recurrent
shortfalls of O Rh D negative red cells (personal
communication RA). In addition, one of the
recommendations would be that blood centres and hospital
user’s work together to reduce the risk of group O Rh D
negative red cell shortages through the management of both
supply and demand. Our study showed that highly
significant differences exist from region to another;
especially, between Ouarzazate and Oujda, where the O
negative is at the lowest (3%) and highest (5.4%)
prevalence, respectively.

CONCLUSION

This is the first completed study about the ABO Rhesus D
blood group distribution across the country. Results showed
a clear evidence of a North to South gradient for the A blood
group and an opposite figure for the O blood group. The
frequency of Rhesus D antigen, on the other hand, showed a
statistically difference between most studied regions. Our
finding shows that Ouarzazate region clears apart from all
other regions. These findings are concordant with the
specificity of the Moroccan geographic and population
history.

FUNDING

This work was funded by the Centre National de Transfusion
Sanguine, Ministry of Health, Morocco.

ACKNOWLEDGMENTS

The authors would like to thank Mrs Amina Balk for data
retrieval and all blood regional centers across the country for
participating in this study. AB, RA, BA, AL, SB, KH and
MB were supported by the CNTS, Ministry of Health. SA
and MA were supported by the Ibn Tofail University,
Kenitra. AB collected the data, performed the research and
drafted the paper, AL, BA, SB collected the data. AS and
AM analyzed the data. RA designed and oriented the
research study and revised critically the paper. KH and MB
contributed essential reagents and tools and encouraged the
research study.

References

1 Salamatina, MN. & Nasidze, IS. (1993): Genetic
polymorphisms in a rural Ossetian community. — Gene
Georgr.7 (3), 251-255.

2 Varsahr, AM., Dubova, NA. & kutuvev, IA. (2003):

40f6



Distribution Of ABO And Rhesus D Blood Antigens In Morocco

Serological researches in south of Moldavia in connection
with the problem of the Gagauzes, the Moldavians and
Bulgarians.- Anthropol. Anz. 61 (4), 395-411;

3 Schmidt,HD. & Scheil, HD. (2003):Blood group
frequencies Romania; microregional and ethnic differences.
— Anthropol Anz. 615 (4),381 — 393.

4 Shneider, IUV. , Shilnikova, IN. & Zhukova, OV. (2002):
Materials for studying the gene pools of Russia and
neighboring countries; the Russian population of the Pskov
region. —Genetika. 38 (11). 1561-1565

5 Neil, D.A. & Marion, E.R. (2000): The Rh blood group
system: a review; -Blood. 95, 375-387.

6 Cavalli-Sforza, L.L., Menozzi, P.& Piazza, A. ( 1994) .
The History and Geography of Human Genes. -Princeton:
Princeton University Press.

7 Cann, R.L., Stoneking, M.&Wilson, A.C. (1987):
Mitochondrial DNA and human evolution. - Nature. 325
(6099), 31-6.

8 Roubinet, F., Despiau, S., Calafell, F., Jin, F., Bertanpetit,
J., Saitou, N. & Blancher,A. (2004): Evolution of the O
alleles of the human ABO blood group gene. -Transfusion.
44(5), 707-715.

9 Kitano,T., Noda, R., Sumiyama, K., Ferrell, R.E.& Saitou,
N. (2000):Gene diversity of chimpanzee ABO blood group
genes elucidated from intron 6 sequences. -The Journal of
heredity. 91 (3), 211- 4.

10 Yip, S.P. (2002): Sequence variation at the human ABO
locus. - Ann Hum Genet. 66 (Pt 1),1-27.

11 Mourant, A.E., Kopec, A.C. & Domanie wskasobczak. K.
(1976): The distribution of the human blood groups and
other polymorphisms. - Oxford univ. press. London.

12 Khan, M.S., Tahir, F., Sheikh, M.A., Subhaa, F., Kazi,
B.M,, Dil, A.S., Deepa, F., Ali, I. & Baloch M.K. (2004): An
analysis of Genotype frequencies of blood group antigens
from Bannu region (NWFP) in Pakistan Gomal S. - Medical
Sci. 2(1), 1-5.

13 Rai, V., patel, R.P. & Kumar,P. (2009): Study of ABO
and Rh (D) blood groups in Scheduled caste of Jaunpur
District. - Anthropologist. 11(2), 151-152.

14 Subhashini, A.B. (2007): Distribution of ABO and Rh
(D) blood groups among Irulas.atribal population of
Pondicherry.India: - Anthropologist. 9(2), 163-164.

15 Jaff , S. M. 2010. ABO and rhesus blood group
distribution in Kurds. Journal of Blood Medicine: 1,
143-146.

16 Wilkinson, S. (1995): The ABO and H blood group
systems. — In: RudmanS. editor. Textbookof blood banking
and Transfusion medicine. Philadelphia (PA): WB Saunders
Co. 66-81.

17 Canong, W.F. (2005): Circulation.-Review of medical
Physiology. San Francisco (LA):Mc Graw Hill.
International. 537.

18 Gyton, A.C.& Hall, J.E. (2005): Blood Cells. Immunity
and Blood Clotting: blood groups. —In: Text book of medical
Physiology. 11th ed. Philadelphia (PA): WB Saunders
Company. 458 - 459.

19 AL-Rubeai, M.AF. (1975) : Taste sensitivity to
phenylthiocarbamide and blood groups in the Iraqi
population (sample from Baghdad) Bull. - Coll. Sci. 16(2),
205 -215.

20 Quitout, M. (2007) : Paysage Linguistique et
enseignement des Langues au Maghreb des Origines a nos
Jours. - Le Harmattan. ISBN. 978-2-296-03710-6.

21 Messaoudi, L. (1996) : Société. Langues et cultures au
Maroc. Enjeux symboliques - A. Boukous. - Langage et
société. 78, 107-112.

22 Faure, P., Leveque J. & Mechali, D. (1957): Les groupes

sanguins ABO et Rh des Juifs du Maroc. -Bulletins et
Mémoires de la Société d'anthropologie de Paris.8, 354-370.
23 Sabir B., Cherkaoui M., Baali A., Hachri H., Lemaire O.
& Dugoujon J.M., 2004 : Les dermatoglyphes digitaux et les
groupes sanguins ABO, Rhésus et Kell dans une population
Berbere du Haut Atlas de Marrakech. Antropo. 7, 211-221.
www.didac.ehu.es/antropo

24 Otmani N., Alami R., Soulaymani A., El Mokhtari A. &
Khattab M. 2008: Sex, age and ABO blood groups in
chemotherapy-induced oropharyngeal mucositis. -Minerva
Stomatol. 57 (10), 505-9.

25 Stern,C. (1943): The Hardy—Weinberg law. -Science 97
(2510), 137-138.

26 Falconer, D.S. (1981): Introduction to quantitative
genetics. - 2nd ed. Long man. London.

27 Stark, A.E. (2006): A Clarification of the
Hardy—Weinberg Law. — Genetics. 174 (3), 1695-1697.

28 Nan Juan, M.O. & Gart, J.J. (1976): Bernstein’s and gene
counting methods in generalized ABO like systems. - Ann
Hum Genet London. 39, 361.

29 Bluman, A.G. (2008): Elementary Statistics: A Step by
Step Approach. - A Brief Version. 4th ed. New York:
McGraw Hill.

30 Hildebrand, D.K., Lyman, R.O.,& Brian, J.G. (2005):
Basic Statistical Ideas for Managers. - 2nd ed. Belmont.
C.A: Thomson Brooks. Cole.

31 Hammer, @., Harper, D.A.T., and P. D. Ryan, 2001.
PAST: Paleontological Statistics Software Package for
Education and Data Analysis. Palaecontologia Electronica.
4(1), 9.

32 Habti, N., Nourichafi, N. & Benchemsi, N. (2004):
Polymorphisme ABO chez les donneurs de sang au Maroc. -
Transfusion Clinique et Biologique. 11, 95-97.

33 Tagny, C.T., Owusu-Ofori, S., Mbanya, D. & Deneys, V.
(2010): The blood donor in sub-Saharan Africa: a review. -
Transfusion Medicine. 20, 1-10.

34 Falusi, A.G.,Ademowo, O.G.,Latunji, C.A.,Okeke,
A.C.,Olatunji, P.O.,Onyekwere, T.O.,Jimmy, E.O.,Raji,
Y.,Hedo, C.C.,Otukonyong, E.E. &Itata. E.O. (2000):
Distribution of ABO and RH genes in Nigeria. - African
journal of medicine and medical sciences. 29(1), 23-26.

35 Blavy, G., Thiam, D., Aidara, I. & Diakhate,L. (1986):
Phénotypes érythrocytaire et fréquence des genes du systeme
ABO dans la population sénégalaise. - Rev Fr Transfus
Immunohematol. 29(5), 341- 4.

36 Aireche, H. & Benabadji, M. (1994) : Les fréquences
géniques dans les systemes ABO et Luthéran en Algérie. -
Transfus Clin Biol. 3, 279-89.

37 Said, N., Ben Ahmed, F., Doghri, A., Ghazouani, E.,
Layouni, S.& Gritli, N. (2003) : Polymorphisme ABO dans
une population de donneurs de sang tunisiens. -Transfus Clin
Biol.10(5), 331-4.

38 Khalil, I.A., Phrykian, S. & Farr, A.D. (Apr 1989): Blood
group distribution in Sudan. - Gene Geogr. 3(1), 7-10.

39 Azim, A.A., Kamel, K., Gaballah, M.F., Sabry, F.H.,
Ibrahim, W., Selim, O. & Moafy, N. (1974): Genetic Blood
Markers and Anthropometry of the Populations in Aswan
Governorate. Egypt. - Hum Hered. 24, 12-23.

40 Cheikha, I. & Khayat, H. (1986) : Groupes sanguins en
Syrie. -Rev Fr Transfus Immunohematol. 29 (1), 40 -3.

41 Hanania, S.S., Hassawi, D.S. & Irshaid, N.M. (January.
2007): Allele Frequency and Molecular Genotypes of ABO
Blood group system in a Jordanian Population. - J. Med. Sci.
7(1), 51-58.

42 Singh, M.R. & Singh, T.S. (2008): Genetic
polymorphism at three loci in two populations of Manipur,
India. — Anthropologischer Anzeiger.66 (2), 191-198.

50f6



Distribution Of ABO And Rhesus D Blood Antigens In Morocco

Author Information

A Benahadi
Centre National de Transfusion Sanguine, Laboratoire de G
Rabat, Morocco

Raouf Alami

Centre National de Transfusion Sanguine
Rabat, Morocco

raoufalami@yahoo.com

Safia Boulahdid
Centre National de Transfusion Sanguine, Laboratoire de G
Rabat, Morocco

Bendaoud Adouani
Centre National de Transfusion Sanguine, Laboratoire de G
Rabat, Morocco

Abderrahim Laouina
Centre National de Transfusion Sanguine, Laboratoire de G
Rabat, Morocco

Abderhani Mokhtari
Laboratoire de G
Kenitra, Morocco

Abdelmajid Soulaymani
Laboratoire de G

Hajjout Khdija
Centre National de Transfusion Sanguine
Rabat, Morocco

Mohammed Benajiba
Centre National de Transfusion Sanguine
Rabat, Morocco

6 of 6



