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Abstract

Aims: Human platelet antigens (HPA) are involved 
in several clinical conditions, such as neonatal 
alloimmune thrombocytopenia (NAIT), platelet 
transfusion purpura (PTP), and refractoriness 
to platelet transfusion.The frequency of platelet 
antigens varies among populations. So far, 
typing of HPA systems has not been carried on 
Moroccan population. The frequencies of these 
antigens, their risk of alloimmunization, and 
their clinical implications and complications 
within Moroccan population are unknown. 
Our purpose is to define allele frequencies and 
genotypes in Moroccan population of the five 
HPA-1 to HPA-5 systems. Evaluate of the risk of 
anti-platelet alloimmunization among Moroccan 
blood donors, and estimate the mismatch 
probability of different platelet alloantigens, after 
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random transfusions of platelet concentrates. 
Methods: The gene polymorphisms of HPA-1, -2, 
-3, -4, and -5 were determined by the PCRSSP 
technique on a DNA sample of 110 healthy 
Moroccan blood donors randomly chosen. 
Results: Alleles frequencies for the HPA systems 
were: HPA-1a: 0.704, HPA-2a: 0.709, HPA3a: 
0.773, HPA-4a: 0.99, and HPA-5a: 0.760. The 
alleles were HPA-1b: 0.296, HPA-2b: 0.291, HPA-
3b: 0.227, HPA-4b: 0.01, and HPA-5b: 0.240. The 
theoretical frequencies of descendants at risk 
of alloimmunization are ranged between 0.99% 
for HPA-4 to 20.76% for HPA-1. The estimated 
mismatch probability regarding platelet antigens 
HPA-1, -2, -3, -4, and –5 in Moroccan blood donors, 
after random  platelet transfusion, varies from 
1.96% for HPA-4, to 32.9% for HPA-1. Conclusion: 
Taking consideration of the previous studies, and 
our results, a clinical research associated with 
platelet disorders, such as: neonatal alloimmune 
thrombocytopenia (FNAIT), post transfusion 
purpura (PTP), and, multi-platelet transfusion 
refractoriness (MPR), are needed to ensure 
the proper diagnosis and the blood transfusion 
safety.
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INTRODUCTION

Platelets are small (~1–2 μM) anucleate discoid cells 
that are abundantly (150 000–450 000/ μl) present in 
blood during normal health. They are most well known 
for their role in haemostasis, in which they adhere to 
damaged blood vessels, aggregate in mass and through 
cross-links with fibrinogen form a fibrin clot to prevent 
further blood loss, but they have been reported to also 
play roles in inflammation [1] innate and adaptive 
immunity [2] and in diseases ranging from heart disease 
to autoimmunity and even cancer [1]. Platelets perform 
these functions through ligand–receptor interactions 
involving the many glycoproteins (GP) expressed on their 
cell surface membranes.

Human platelet antigens (HPA) are polymorphic 
structures located on platelet membrane glycoproteins 
[3].

HPA were first described in the late 1950s and early 
1960s [4]. To date, 35 HPAs expressed on six different 
platelet glycoproteins, GPIIb, GPIIIa, GPIba, GPIbb, 
GPIa and CD109, have been described [5]. For a current 
list, see (http://www.ebi.ac.uk/ipd/hpa/table1.html). 
HPA systems are classified into six biallelic systems, 
HPA-1, HPA-2, HPA-3, HPA-4, HPA-5, and HPA-15, and 
the other twenty three systems are monoallelic [6], all of 
which, were formed by single amino acid substitution, 
caused by a single nucleotide polymorphism (SNP) in the 
genes that encode them [7]. One exception is the platelet 
alloantigen HPA-14, which is formed by one amino acid 
deletion [8]. The amino acid changes resulting from these 
SNPs induce changes in glycoprotein structure to form 
antigens that can elicit antibodies through exposure from 
pregnancy or platelet transfusions [9].

Antibodies formed against human platelet 
alloantigens (HPAs) have been reported to contribute 
to clinical complications of varying severity among 
different populations [10, 11]. HPA are the target of 
platelet alloantibodies that mediate platelet destruction 
in neonatal alloimmune thrombocytopenia (NAIT), post-
transfusion purpura (PTP) [12], and platelet transfusion 
refractoriness (PTR) [13, 14]. The presence of antiplatelet 
antibodies due to an incompatibility between platelet 
donor and recipient, or between mother and fetus during 
pregnancy is associated to platelet destruction and 
consequently resulting in severe hemorrhagic diseases 
[15, 16]. HPA are inherited by autosomal co-dominance. 
The risk of alloimmunization depends largely on antigen 
frequencies, which vary between different populations 
[17]. 

The majority of recognized HPAs are expressed 
on GPIIIa. This glycoprotein appears to be the most 

immunogenic of the platelet glycoproteins, perhaps 
related to the high density of GPIIb/ IIIa on the platelet 
surface with ~80,000 molecules expressed per platelet. 
Epitopes on GPIIb/IIIa are the most frequent targets of 
antibodies detected in all immune platelet disorders [9].

In Caucasians, antibodies to HPA-1 are the most 
important cause of NATP [18]. Anti-HPA-1a is reported 
to account for 78% of cases, followed by anti-HPA-5b in 
20% and anti-HPA-3a in about 3% of cases [7, 19].

The HPA-4b antigen is very rare in Caucasians, but 
more frequent in Asian populations, in which anti-HPA-
4a and anti-HPA-4b are more commonly implicated in 
alloimmune platelet disorder.

Studies of population genetics, point to a 
heterogeneous diversity of HPA genotypes, in different 
geographic groups. To date, no data has been reported 
for HPA-1 to -5 alleles in Moroccans, except Moroccan 
Berber Population [19].

As the distribution of HPA varies between ethnic 
groups and in different geographical locations [5] 
studying the frequency of HPA in each population, 
will help in understanding the association between 
the alloimmunization to these antigens and its clinical 
consequences. Such information is equally important 
for the correct diagnosis and the administration of a safe 
transfusion therapy.

The aim of this study was to investigate the gene 
frequencies of the 5 platelets antigens HPA-1 to HPA-
5 in Moroccans blood donors employing DNA typing 
methods. The collective results were also analyzed to 
evaluate the mismatch probabilities after transfusion of 
incompatible platelets in Moroccan population

MATERIALS AND METHODS

In the beginning of the study we took as reference 
the number of samples adopted by population in similar 
countries such as moroccan berbers, Tunisia and Saudi 
Arabia, who used a hundred subjects in their studies.

The number of samples has been confirmed by a 
specialized statistician using the method described by 
Stephen et al. 2013 [20] for the Sample Size Required per 
Group When Using the Chi-Squared Statistic.

110 aliquots of 5 mL EDTA-anticoagulated blood 
samples were collected randomly, from unrelated 
healthy Moroccan voluntary blood donors at the 
Regional Blood Transfusion Center of Casablanca, 
Morocco (CRTS). DNA was extracted using QIAamp 
DNA Blood Mini Kit (QIAGEN, France) according to the 
manufacturer’s instructions and quantified by optical 
density measurement with Nanodrop 1000 (Nanodrop 
Technologies, Wilmington, DE, USA). DNA was stored at 
–20°C. Platelet genotypes for the HPA-1, HPA-2, HPA-
3, HPA-4, and HPA-5 systems were identified using 
sequence-specific primer polymerase chain reaction 
(PCR-SSP) as previously described [21]. All PCR reactions 
contained two other primers that amplify a region of the 
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human growth hormone gene (HGH), used as a DNA 
extraction and amplification controls (Table 1).

In a total reaction volume of 25 ul containing 200ng 
genomic DNA, amplification was performed by using 
an automated thermocycler (9700, PerkinElmer, Foster 
City, CA, USA) which was programmed for the HPA-1 to 
-5 as follows:

10 µL of each amplified PCR product were run on 
a standard 1% agarose gel electrophoresis (UltraPure 
agarose, Invitrogen). For each polymorphic position, 
one or two possible patterns might be observed: a or b 
genotype. Samples were classified as HPA a/a, a/b, or 
b/b genotypes. The presence of a 429-bp fragment of the 
human growth hormone gene indicated that amplification 
took place (positive internal control).

The frequency of HPA genotypes in Moroccan 
blood donors was calculated by direct counting, from 
the Microsoft Excel data sheet. The expected genotype 
frequencies were calculated according to Hardy–
Weinberg law as follows: if frequency of a particular 
HPA-a allele is p, and the corresponding HPA-b allele is 

q, then the expected genotype frequencies of a/a, a/b and 
b/b will be p2, 2pq and q2, respectively.

Consistency of the observed and expected genotype 
frequencies with the Hardy–Weinberg equilibrium was 
tested by using the χ2 test. If the number of any variable 
was <5, Fischer’s exact test was used to determine the P 
value. The P-value was calculated from the “P Value from 
Chi-square Calculator”: http://www.socscistatistics.
com/pvalues/chidistribution.aspx Comparison between 
the gene frequencies of Moroccan blood with different 
world races were done with the help of χ2 test.

Mismatch probability of different platelet alloantigens, 
after random transfusions of blood or platelet concentrates 
was calculated [22] by using the formula: a2 (1-a2) + b2 
(1-b2) or 2ab (1-ab), where a and b, are the respective 
HPA allele’s frequencies.

Blood donors agreed to participate in this study 
by signing an informed consent form. The study was 
performed according to the guiding principles of the 
Declaration of Helsinki. The study was evaluated and 
approved by the Medical Ethic Committee, Faculty of 
Medicine and Pharmacy of Casablanca.

Table 1: Primer sequences for HPA-1 to -5 for PCR-SSP (20)

Final primer Allele

HPA Specificity Amorces : sens 5’ - 3’ TmºC concentration product

(μM/μl) size (bp)

HPA-1a 5´TCACAGCGAGGTGAGGCCA 3´

HPA-1 HPA-1b 5´TCACAGCGAGGTGAGGCCG 3´ 60 0,35 90

Common 5´GGAGGTAGAGAGTCGCCATAG 3´

HPA-2a 5´GCCCCCAGGGCTCCTGAC 3´

HPA-2 HPA-2b 5´GCCCCCAGGGCTCCTGAT 3´ 58 0,35 258

Common 5´TCAGCATTGTCCTGCAGCCA 3´

HPA-3a 5´TGGACTGGGGGCTGCCCAT 3´

HPA-3 HPA-3b 5´TGGACTGGGGGCTGCCCAG 3´ 62 0,5 267

Common 5´TCCATGTTCACTTGAAGTGCT 3´

HPA-4a 5´GCTGGCCACCCAGATGCG 3´

HPA-4 HPA-4b 5´GCTGGCCACCCAGATGCA 3´ 58 0,35 120

Common 5´CAGGGGTTTTCGAGGGCCT 3´

HPA-5a 5´AGTCTACCTGTTTACTATCAAAG 3´

HPA-5 HPA-5b 5´AGTCTACCTGTTTACTATCAAAA 3´ 58 0,5 246

Common 5´CTCTCATGGAAAATGGCAGTA 3´

Positive HGH 5´GCCTTCCCAACCATTCCCTTA 3´ 60

Controls HGH 5´TCACGGATTTCTGTTGTGTTTC 3´ 0,2 429
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RESULTS

HPA-1, -2, -3, -4 and 5 systems were genotyped among 
110 healthy unrelated blood donors from Regional Blood 
Transfusion Center of Casablanca. Tables 2, 3 and 4 show 
the HPA genotypes and alleles frequency of the HPA-1 to 
-5 systems, observed in Moroccan blood donors. There 
is no significant deviation from the Hardy–Weinberg 
equilibrium in any of the systems studied in these 
populations. The three genotypes (a/a, a/b and b/b) were 
found in all the HPA systems evaluated. With exception 
of the HPA-4, we noticed the absence of the genotype 
b/b) for this HPA system. The most frequent genotype 
among all HPA systems was the homozygous (a/a).

In the present study (Table 3), the allelic frequencies 
of the a allele, are for the HPA-1 (0.704), HPA-2 (0.709), 
HPA-3 (0.773), HPA-4 (0.99) and HPA-5 (0·759) systems.

The genotypes, allele frequency, Chi2 and P-value of 
the Hardy–Weinberg test of samples employed in the 
study are shown in (Table 4).

For the HPA-1 system, the 1a/1a genotype is the 
most predominant (51.81%) followed by 1a/1b (37.27%) 
and 1b/1b (10.90%) (Table 4). In about 110 unrelated 
Moroccan individuals, the allele frequencies of 1a and 

1b were calculated to be 0.704 and 0.296, respectively 
(Table 3). Table 5 describes the allele frequencies of HPA 
systems from HPA-1 to -5, with those previously reported 
in other ethnic populations.

Different allele frequencies of the five HPA systems 
and 2 or the Fisher’s exact test values are shown in 
(table 4). The mismatch probability of HPA after random 
platelet cell transfusions ranged from 1.96 to 32.9%, 
with the highest chances of mismatch occurring in case 
of HPA-1. As just two individuals were heterozygous 
for HPA-4, there was the lowest chance of mismatch to 
this HPA. The chances of mismatch to HPA-2, -3 and -5 
between Moroccan blood donors are 32.27, 28.87 and 
29.82% (Table 4).

Comparison of allele frequencies of Moroccan blood 
donors and other populations are shown in Table 5.

DISCUSSION

The allelic frequencies of HPA systems in 110 blood 
donors in Morocco showed that the a allele is more 
frequent than the b allele for the five studied HPA 
systems, HPA-1 (a: 0.704 / b: 0.296), HPA-2 (a: 0.709 

Table 2: Frequencies of the molecular genotypes of HPA-1 to -5 systems in Moroccan blood donors

System

Genotype HPA-1 HPA-2 HPA-3 HPA-4 HPA-5

N (a/a) 57 54 65 108 60

N(a/b) 41 48 40 2 47

N(b/b) 12 8 5 0 3

Totale 110

N: number of donors with the molecular genotype

Table 3: Allele Frequencies of HPA-1 to -5 systems in Moroccan blood donors

System

Allele HPA-1 HPA-2 HPA-3 HPA-4 HPA-5

A 0.704 0.709 0.773 0,99 0.760

B 0.296 0.291 0.227 0,01 0.240

p+q 1 1 1 1 1

p= a allele frequency q= b allele frequency

For the HPA-1 system, the 1a/1a genotype is the most predominant (51.81%) followed by 1a/1b (37.27%) and 1b/1b (10.90%) (Table 3). 
In about 110 unrelated Moroccan individuals, the allele frequencies of 1a and 1b were calculated to be 0.704 and 0.296, respectively 
(Table 3). 

Table 5 describes the allele frequencies of HPA systems from HPA-1 to -5, with those previously reported in other ethnic populations.
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Table 4: Alleles and genotypes frequency of HPA-1 to -5 systems in Moroccan blood donors

n Allele Relative Genotype Relative 2 p-value MP*%

individuals frequency frequency

% %

HPA-1 110 a 70.4 aa 51.81 1.209 p = 0.546 > 32,9

b 29.6 ab 37.27 0,05

bb 10.90

HPA-2 110 a 70.9 aa 49.09 0.368 p = 0.831 > 32,27

b 29.1 ab 43.63 0,05

bb 7.27

HPA-3 110 a 77.3 aa 59.09 0.137 p = 0.933 > 28,87

b 22.7 ab 36.36 0,05

bb 4.54

HPA-4 110 a 99 aa 99 1,96

b 1 ab 1

bb 0

HPA-5 110 a 75.9 aa 54.54 1.607 p = 0.447 > 29,82

b 24.1 ab 42.72 0,05

bb 2.72

*MP, calculated mismatch probability in random transfusion = a2(1- a2)+ b2(1- b2) = 2ab(1 - ab).

Table 5: Comparison of allele’s frequencies of Moroccan blood donors and other populations

Population HPA

1a

HPA

2a

HPA

3a

HPA

4a

HPA

5a

HPA

15a

This work 0.704 0.709 0.773 0,99 0.760 0.515

F(a) 0.747 0.817 0.682 0.862

Moroccan Berber [19] * χ2 0.56 3.616 2.29

1.000

3.625

p 0.454 0.057 0.130 0.057

F(a) 0.835 0.835 0.630 0.843 0.530

Algeria [33] * χ2 9.167 9.296 7.98

1.000

3.963 0.046

p 0.002 0.002 0.004 0.046 0.830

F(a) 0.780 0.860 0.750 0.800 0.510

Tunisia [34] * χ2 1.464 7.873 0.140

1.000

0.47 0.018

p 0.226 0.005 0.708 0.492 0.893

F(a) 0.904 0.776 0.596 0.732 0.701

Congo [26] * χ2 16.41 1.27 8.59

1

0.523 7.717

p <0.01 0.259 0.003 0.469 0.005

F(a) 0.907 0.763 0.614 0.746 0.698

Cameroon [26] * χ2 15.63 0.829 7.003

1

0.085 7.23

p <0.01 0.325 0.008 0.770 0.007

F(a) 0.800 0.710 0.650 0.800 0.47

Saudi Arabia [5] χ2 2.75 <0.01 3.847 0.990 0.394 0.405

p 0.097 >0.95 0.049 0.530 0.524
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/ b: 0.291), HPA-3 (a: 0.773 / b: 0.227), and HPA-5 (a: 
0.760 / b: 0.240). On the other hand, the frequency of 
the b allele for the HPA-4 system is very low compared to 
other systems.

Our results showed that Moroccan blood donors are 
polymorphic for four HPA systems (HPA-1, -2, -3, and 
-5), and is almost monomorphic for HPA-4.

According to our results, the degree of HPA-1 system 
polymorphism (a: 0.704 / b: 0.296) is considered the 
highest. In case of transfusion and in pregnancy, the 

degree of polymorphism in an antigenic system directly 
influences the risk of alloimmunization, a highly 
polymorphic system has a high risk of alloimmunization 
[23]. The studying the polymorphisms of the different 
systems of HPA makes it possible to predict the risk of all 
immunization in transfusion [24]. 

Compared to other populations, our results for HPA-
1 allele frequencies, are significantly different from 
Caucasians (p <0.03), but similar (p> 0.05) to those of 
Tunisia, Saudi Arabia and Egypt. The Egyptian study 

F(a) 0.767 0.759 0.704 0.728

Egypt [35] * χ2 1.659 1.048 1.746 1 0.542

p 0.197 0.305 0.186 0.461

F(a) 0.848 0.920 0.620 0.874 0.455

France [36] * χ2 14.89 >40 χ2= 10.19 NV 9.744 1.274

p <0.01 <0.01 0.0014 0.0017 0.259

F(a) 0.860 0.870 0.720 0.785

Italy [37] * χ2 11.48 12.02 1.009 NV 0.59

p <0.01 <0.01 0.315 0.442

Germany [38] *

χ2 4.458 17.96 6.38 7.54

p 0.034 <0.01 0.011 0.006

F(a) 0·862 0·852 0·665 0·892 0·570

Brazil [39] * χ2 12.36 8.795 3.92 0·995 8.64 χ2= 
0.863

p <0.01 0.003 0.047 0.0032 p=0.352

F(a) 0.858 0.927 0.619 0.905

Australia [40] * χ2 10.95 24.26 7.19 1.000 10.5

p <0.01 <0.01 0.007 <0.01

F(a) 0.998 0.900 0.718 0.973 0.551

Japan [41] * χ2 9.94 0.844 0.989 χ2= 
0.430

p <<0.01 <0.01 0.358 <<0.01 p=0.511

F(a) 0.994 0.951 0.594 0.986 0.532

China [21] * χ2 13.31 0.995 χ2= 0.097

p <<0.01 <<0.01 <0.01 <<0.01 p=0.755

*: reference
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of Husebekk, et al. showed that among 6974 pregnant 
women, 23 HPA-1bb women, developed anti-HPA-1a 
antibodies. The rate of HPA-1a alloimmunisation was 
found comparable, to Caucasian populations. Severe 
thrombocytopenia was found in 2 newborns [25]. Thus, 
and due to the high risk of NAIT and PTP in homozygous 
HPA-1b/b women, Flug et al. proposed that all pregnant 
women should be typed for the HPA-1 system.

The allelic frequencies of the HPA-2 system (a: 0.709, 
b: 0.291) within blood donors showed a high degree of 
polymorphism, also the polymorphism of this antigen 
is located on GPIb / IX, the second most abundant 
glycoprotein complex on the platelet membrane; which 
may increase the risk of alloimmunization [26]. This 
was confirmed by calculating mismatch probability of 
developing an antiplatelet’s alloimmunization in case of 
platelet transfusion between the subjects of this study, 
which was 32.27% for HPA-2. We observed that our data 
for HPA-2 system, were significantly similar (p> 0.05) to 
those of Africans [27] and Arabs (Egypt, Saudi Arabia). 

For the HPA-3 system, in Caucasians, approximately 
3% of NAIT neonatal alloimmune thrombocytopenias are 
due to anti-HPA-3 alloimmunization [18] However, even 
if this can happen in rare cases, but it is still associated 
with severe cases of NAIT [28].

Regarding HPA-4, the most remarkable result is that 
we found a rare genotype HPA-4a/b (1%). The probability 
of alloimmunization is very low (1.96%) compared to other 
HPA systems. The HPA-4b allele is not common among 
Moroccans, Caucasians or Arabs, but very common 
among Asians [29]. The Asian genetic contribution in 
Moroccan population has been proved by several studies 
concerning other blood group systems such as the ABO 
system [30]. Still, the homozygote HPA-4b/b, was not 
found in our study, suggesting that the risk of antiplatelet 
alloimmunization in this system is almost zero. 

The HPA-5 system mismatch probability in our study 
was 29.82%, However HPA-5 is considered as the second 
immunogenic factor after HPA-1, related to alloimmune 
syndromes and transfusion-refractory states within 
Caucasians [31, 32].

The results obtained in Moroccan blood donors have 
shown that the allelic frequencies of the five HPA systems 
are significantly similar (0.05 <p <0.46) to those found 
in a population of Moroccan Berbers from the Amizmiz 
region, previously described [19]. Berbers lived in areas 
from Egypt to the Atlantic and from the Niger River to the 
Mediterranean, so the similarities of distribution could 
be explained by the genetic contribution of the Moroccan 
Berbers to the entire Moroccan population.

Morocco occupies a geographical area between the 
Mediterranean in the North, the Atlantic in the West and 
it tends towards the South through the Great Sahara and 
Sub-Saharan Africa. Thus, Morocco experienced various 
migratory movements throughout its history that have 
had a genetic impact on its population. Genetic mixing 
reduces endogamy resulting in genetic variability and 
increased heterozygosity.

The heterogeneity noted in the allelic distribution 
of HPA systems predicts a high risk of antiplatelet 
alloimmunization. It will be then very useful to 
undertake further investigations completing this work 
within polytransfused patients and within mothers of 
thrombocytopenic newborns, and / or within patients 
with history of platelet incompatibility. 

Combined genotypic and serological exploration 
should also involve the most polymorphic HPA systems.

CONCLUSION

This analysis of HPA-1 to HPA-5 gene frequencies 
among Moroccan blood donors, can serve as a background 
to diagnose the cause of FNAIT, PTP, and PTR and to 
provide HPA-matched platelet for patients with HPA 
alloimmune disorders. Although, larger studies are 
required to confirm this data.
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