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Abstract

Background: Glucose-6-phosphate-dehydrogenase (G6PD) deficiency is the most frequent enzymopathy worldwide; it is a genetic
disorder that affects red blood cells and causes hemolysis. Here, we conducted a study on G6PD-deficient subjects in Mauritania to
evaluate the molecular characteristics associated with a deficiency in this enzyme and the frequency of nucleotide polymorphisms in the
glucose-6-phosphate dehydrogenase gene. Method andMaterials: A total of 943 blood samples were collected from blood donors (803
males and 140 females; 364 white Moors; 439 black Moors; 112 Pulaar; 18 Wolof; 10 Soninke). All blood samples were analyzed using
a rapid screening test. G6PD status was analyzed quantitatively by the Randox G6PD test. Samples deficient in G6PD were extracted
from the whole blood samples and subjected to DNA genotyping. The most frequent G6PD variants were determined by two molecular
techniques: restriction fragment length polymorphism (RFLP) and multiplex PCR using the GENESPARK G6PD African kit. A total
of six single nucleotide polymorphisms (SNPs) (G202A, A376G, A542T, G680T, C563T, and T968C) were identified. Results: The
prevalence of G6PD deficiency in this population sample was 8.1%. The most commonmutation was A376G/202A and was characterized
by the G6PD A-phenotype, which is more common in the G6PD-deficient black Moors population. The wilaya in Nouakchott was the
most affected among the 13 wilayas studied. Conclusions: This study shows, for the first time, the presence of the G680T mutation.
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1. Introduction
Enzymopathies are autosomal recessive or sex-linked

genetic abnormalities [1]. Glucose-6-phosphate dehydro-
genase (G6PD) deficiency is themost commonly known en-
zymopathy in humans and affects 400million people world-
wide. It is an X-linked recessive enzyme deficiency that can
promote hemolysis in acute illnesses or after absorption of
oxidizing drugs, including salicylates and sulfonamides [2].

The molecular defect in this pathology mostly results
from an exon point mutation, which causes an amino acid
substitution [3]. Until now, more than 200 various muta-
tions in theG6PD gene have been identified, and more than
400 variants of glucose-6-phosphate dehydrogenase have
been distinguished previously [4,5]. These are distributed
among five classes, based on activity and clinical manifes-
tation [6]. Deficient subjects are usually asymptomatic and
may have crises when exposed to situations that cause ox-
idative stress.

The clinical phenotype of G6PD deficiency is asso-
ciated with the relationship between genetic and environ-
mental factors and the molecular properties of the patients’
enzymes [7]. G6PD deficiency is frequently observed in
Africa, the Middle East, the Mediterranean, and Southeast
Asia, although it can be encountered across all geographical
locations due to population movements [8].

In recent years, the rate of transfusion in Mauritania
has increased. In addition, most of the patients receiving
blood products are on medication, meaning the transfusion
of a unit of blood from a blood donor deficient in G6PD
can be ineffective. Therefore, the present study was de-
signed to determine the frequency of G6PD deficiency in
Mauritanian blood donors, to identify the different muta-
tions existing in this population, to establish their preva-
lence, and to discern which Mauritanian wilaya G6PD is
the most widespread.
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Table 1. Prevalence of G6PD deficiency in the five ethnic groups in Mauritania.
Ethnic group Gender G6PD deficiency Frequency of deficit (%)

Male Female Male Female Total

White Moors 284 80 14 3 364 4.67
Black Moors 397 42 48 0 439 10.93
Pulaar 97 15 9 1 112 10.30
Wolof 16 2 2 0 18 11.11
Soninke 9 1 0 0 10 0
Total 803 140 73 4 943 8.1
G6PD, glucose-6-phosphate-dehydrogenase.

Table 2. Prevalence of G6PD deficiency in both sexes.
G6PD Females, n (%) Males, n (%) Total, N (%)

Hemi and homozygous 2 (1.43) 73 (9.1) 75 (8)
Heterozygous 2 (1.43) 0 (0.0) 2 (0.2)
Normal 136 (97.14) 730 (90.9) 866 (91.8)
Total 140 (100) 803 (100) 943 (100)

2. Materials and Methods
2.1 Studied Population

Between June 16 and September 30, 2019, blood sam-
ples were collected from 943 blood donors (803 male and
140 female); (364 white Moors, 439 black Moors, 112 Pu-
laar, 18Wolof, and 10 Soninke). The participants were vol-
untary and occasional blood donors at the National Blood
Transfusion Center in Nouakchott, Mauritania. Blood sam-
ples were collected, irrespective of gender or ethnicity, into
ethylenediaminetetraacetic acid (EDTA) tubes, and stored
at 2–6 °C, until processed, which was within 24 hours of
collection.

All samples were first screened for transfusion-
transmitted diseases, such as HIV, syphilis, and hepatitis
B and C viruses. Data were collected from the participants
through a questionnaire (age, sex, ethnicity, origin, trans-
fusion, consanguinity of the parents, and degree of consan-
guinity of the parents). The participants were all of Mau-
ritanian origin, phenotypically normal, and had never been
transfused. Anyone not ofMauritanian origin was excluded
from the study. All blood donors who participated in this
study were adults. Informed consent was obtained from
each participant after explaining the purpose of the study.

2.2 Methodology
A venous blood sampling was performed in an EDTA

tube for all the samples collected. The blood samples were
subjected, in the hours following the collection, to a rapid
screening test, using theG6PD screening kit (REF PD 2616,
RANDOX Laboratories Ltd, Kearneysville, WV, USA).
Positive subjects were confirmed spectrophotometrically
using the RX Monza kit (REF PD 410, RANDOX Labora-
tories Ltd). Samples with G6PD deficiency were subjected
to DNA genotyping after their extraction from whole blood
using the QIAGEN kit (REF 69506).

In this study, two molecular techniques were used:
PCR-restriction fragment length polymorphism (RFLP)
and multiplex PCR. Firstly, we performed PCR-RFLP,
which is a reference method for identifying the two A
variants (A376G) and A-(A376G/202A) in exons 4 and
5, respectively. Then, multiplex PCR was performed to
confirm the PCR-RFLP results and identify further mu-
tations in samples within the conclusive results. PCR-
RFLP was performed on exons 4 and 5 to identify the
A-variant, which is the most common in Sub-Saharan
Africa, using two different primers: G6PD*A (A376G),
5′-CTGTCTGTGTCTGTCTGTC -3′ (forward) and 5′-
GAGGGCAACGGCAAGCCTT -3′ (reverse), then, all
samples positive for G6PD*A (A376G) were subjected to
PCR amplification using primers for G6PD*A- (G202A):
5′-TACAGCTGTGCCCTGCCCT -3′ (forward) and 5′-
CCGAAGCTGGCCATGCTGG -3′ (reverse) [9]. Verifica-
tion was conducted using primer3 software for amplifica-
tion conditions via https://www.primer3plus.com/.

PCR analysis was carried out for exons 4 and 5 to
identify the A (376G) and A-(G202A/376G) variants. The
PCR product was digested with the restriction enzymes
FOK I and NLaIII, successively, using the protocol devel-
oped by Carter et al. [10]. The digested fragments, were
subjected to electrophoresed on a 2.0% agarose gel (REF
4.658455). The rest of the samples were genotyped bymul-
tiplex PCR using the GENESPARK G6PD African kit (Im-
munospark, Rome, Italy) to detect the six single nucleotide
polymorphisms (SNPs) (G202A, A376G, A542T, G680T,
T968C, andC563T), which are the most common in Africa.
PCRwas performed using a reaction volume of 25 µL com-
posed of 12.5 µL of PCR mix (2X), 2 µL of primer mix
(G6PD African), 8.5 µL of sterile distilled water, and 2 µL
of the fragment of DNA (50–100 ng) of each sample.

Multiplex PCR was carried out according to the man-
ufacturer’s recommendations, without enzymatic digestion.
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Table 3. Prevalence of G6PD genotypes in both sexes.
Females, n (%) Males, n (%) Total, N (%)

A (376G) 1 (25.0) 6 (8.2) 7 (9.1)
A-(A376G/202A) 1 (25.0) 48 (65.8) 49 (63.6)
Santamaria (A376G/A542T) 1 (25.0) 3 (4.1) 4 (5.2)
Betica-Selma (A376G/T968C) 0 (0.0) 5 (6.8) 5 (6.5)
G202A 0 (0.0) 5 (6.8) 5 (6.5)
G680T 0 (0.0) 1 (1.4) 1 (1.3)
MED (C563T) 1 (25.0) 5 (6.8) 6 (7.8)
Total 4 (100.0) 73 (100.0) 77 (100.0)

Table 4. G6PD genotypes in the five ethnic groups in Mauritania.

Ethnic groups
G6PD genotypes

A (376G) A-
(A376G/202A)

Santamaria
(A376G/A542T)

Betica-Selma
(A376G/T968C)

G202A G680T Med (C563T) TOTAL, N = 77
(%)

White Moors 1 (1.3) 9 (11.7) 0 (0.0) 1 (1.3) 2 (2.6) 0 (0.0) 4 (5.2) 17 (22.1)
Black Moors 4 (5.2) 35 (45.5) 2 (2.6) 1 (1.3) 3 (3.9) 1 (1.3) 2 (2.6) 48 (62.3)
Pulaar 1 (1.3) 5 (6.5) 2 (2.6) 2 (2.6) 0 (0.0) 0 (0.0) 0 (0.0) 10 (13.0)
Wolof 1 (1.3) 0 (0.0) 0 (0.0) 1 (1.3) 0 (0.0) 0 (0.0) 0 (0.0) 2 (2.6)
Soninke 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Total 7 (9.1) 49 (63.6) 4 (5.2) 5 (6.5) 5 (6.5) 1 (1.3) 6 (7.8) 77 (100.0)

The PCR products were separated on a 2.5% agarose gel by
electrophoresis, and the results of the bands obtained af-
ter gel migration were interpreted using a table provided by
the GENESPARKG6PDAfrican kit (Immunospark, Rome,
Italy).

2.3 Statistical Analysis
The data analysis and modeling were performed using

the Python programming language version 3.7.3. (https://
www.python.org/downloads/release/python-373/) with the
following Python libraries: Numpy: for numeric calcula-
tions, mathematical operations, and matrix products; Pan-
das: to export, collect, and manipulate data; Matplotlib:
for data visualization; Scipy: for statistical modeling more
precisely inferential Statistics. The data is representative
of samples from 943 individuals (people) and 7 statistical
characters (variables). All these variables are nominal qual-
itative variables. The protocol used in this study can be sep-
arated into two steps:

Step 1: Univariate analysis: in this step, each variable
was studied separately, and a descriptive statistic and a rep-
resentation were acquired for this variable.

Step 2: Bivariate analysis: in this step, the dependen-
cies between our variables were studied according to the
object of the study.

The statistical analysis was performed using the Chi-
Squared test of independence, and p< 0.05 was considered
significant.

3. Results and Discussion
3.1 Sociodemographic Data and Prevalence of G6PD
Deficiency in Mauritania

Due to its structure, the gene carrying the G6PD de-
ficiency presents numerous genotypic variants [11]. The
genotyping of six SNPs, which are the most common in
Africa, and are involved in this hereditary disease, allowed
us to evaluate the frequency of the different variants exist-
ing in blood donors in Mauritania [12].

It has been estimated that the prevalence of G6PD de-
ficiency in Africa is 8.5% [13]. The results of our study de-
termined that the prevalence of G6PD in the studied popula-
tion was 8.1% (77/943) (Table 1). However, this result was
lower than in two previously publishedMauritanian studies,
in 2018 and 2019, which found prevalence rates of 11.09%
(58/523) and 11.03% (50/443), respectively [14,15]. This
observed difference may be due to the choice of the popu-
lation studied since in the first study, carried out in 2018,
the researchers chose to define the epidemiological profile
of G6PD deficiency in newborns in the city of Nouakchott
[15]. Whereas, in the second study, carried out in 2019,
the median age of the population was 30 (18–61; 12) years,
and the ethnic groups presented in the study were white
Moors, black Moors, black Africans, and mixed ethnic ori-
gins [14]. In addition, a comparison of our results with
those found internationally andmore specifically in African
countries revealed that the prevalence of G6PD deficiency
was less than in Burkina Faso (31%) [16], Congo (22.5%)
[17], Mali (15.7%) [18], and Nigeria (ranged from 15.3% to
20%) [19–21]. The difference between our results and the
results of other studies can be explained by the hypothesis
that in the Mauritanian community, blood donation is not
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Table 5. The percentage of mutations in each wilaya.

Wilayas
Type of mutations

A A- A376G/A542T A376G/T968C G202A G680T MED

Adrar NF 6.25% NF NF NF NF NF
Assaba 1.79% 10.71% NF NF 1.79% 1.79% NF
Brakna NF 5.36% 1.79% 0.89% 0.89% NF NF
Dakhlet Nouadhibou NF 8.33% NF NF NF NF NF
El HodhEcEcharghi NF 2.13% NF NF NF NF NF
El Hodh El Egharbi NF 8.16% NF NF NF NF NF
Gorgol 1.19% 4.76% NF 1.19% NF NF NF
Guidimagha NF 3.03% 3.03% NF NF NF NF
Inchiri NF 8.33% NF NF NF NF NF
Nouakchott 1.21% 4.55% 0.30% 0.61% 0.61% NF 1.52%
Tagant NF 5.41% NF NF NF NF NF
Trarza 0.76% 5.34% NF 0.76% 0.76% NF NF
TirisZemmour NF 8.33% NF NF NF NF NF
NF, not found.

a common habit, especially among people who suffer from
anemia, which explains why subjects with a deficit and who
are symptomatic (anemic) will not donate blood [22].

The results of themolecular study showed heterogene-
ity in variants in blood donors. In this study, the A-variant
was the highest in blood donors (Table 2). This incidence
was consistent with the results of another study conducted
in Mauritania that presented a percentage of 3.6% (36/996)
for the A-variant [23], which was higher than the results
obtained in a Senegalese study [24].

Mauritania is made up of two main ethnolinguistic
groups: The first group is black Africans, which is com-
posed of Pulaar, Soninke, and Wolof, each of which has
its own dialect; the second group is the Moors, which are
composed of white and black Moors, who speak “Has-
saniya”, a mixed language between Arabic and Berber
[14]. The results summarized in Table 1 illustrate the
presence of the five ethnic groups in the studied popula-
tion: black Moors, represented by a percentage of 46.5%;
white Moors (38.6%); Pulaar (11.87%); Wolof (1.90%);
Soninke (1.06%). The prevalence of G6PD deficiency in
the five ethnic groups was 11.11% in Wolof, 10.93% in
black Moors, 10.30% in Pulaar, and 4.67% in white Moors.
Concerning gender, 85.1% are men and 14% are women.
The median age in the studied population was 30 years,
while it ranged between 18 and 66 years.

The results presented in Table 2 show that G6PD de-
ficiency is significantly higher in men than women (7.74%;
73/943) vs. (0.42%; 4/943) (p = 0.020), which is in agree-
ment with previous results [25–27]. This is a consequence
of the G6PD gene being X-linked. Moreover, hemizygous
G6PD-deficient males are much more common than ho-
mozygous G6PD-deficient females [28].

The PCR-RFLP analysis detected the A376G and
A376G/202A variants in 54 samples, prior to the rest being
genotyped by multiplex PCR. The visualization of the PCR
product via agarose gel electrophoresis identified six stud-

ied nucleotides with different percentages. The A-variant
was the most common among them with a rate of 63.6%
(49/77), followed by the A variant at 9.1% (7/77), the Med
variant at 7.8% (6/77), the G202A mutation at 6.5% (5/77),
the A376G/T968C (Betica-Selma) variant at 6.5% (5/77),
the Santamaria variant (A376G/A542T) at 5.2% (4/77), and
the rate of the G680T mutation was 1.3% (1/77), as shown
in Table 3. This implies that the A-variant is the most domi-
nant of the six SNPs found in our population, with a percent-
age of 45.5% (35/77) in black Moors and 11.7% in white
Moors (9/77), as shown in Table 4. This mutation was the
most common deficient variant in Sub-Saharan Africa [29].
The A-variant has been grouped by the World Health Orga-
nization as a “mild deficit” (Class III) [30] and variant A as
a normal (Class IV phenotype) [31].

There is a significant correlation between the ethnic
groups and the variant type (p = 0.028), which was also
found in other studies [23,32]. G6PD deficiency was absent
in the Soninke group; no mutation was found in this ethnic
group, while the six SNPs were detected in black Moors.

3.2 Percentage of Mutations in Each Wilaya
According to the data obtained concerning the origins

of the parents of the donors, the deficit in G6PD was ob-
served in all the wilayas in Mauritania, with the highest fre-
quency observed in the wilayas in Nouakchott, the capital
of Mauritania. G6PD deficiency was found to have a very
high prevalence in subjects whose parents were from the
wilaya in Nouakchott (37.6%, 29/77) followed by 12.9%
(10/77) in both Trarza and Brakna wilayas (12.9%, 10/77).
Table 5 shows the prevalence of each mutation in the 13
wilayas, with the A-variant being the dominant mutation in
Nouakchott. There was no correlation found between the
type of mutation and the origin of the parents (p = 0.97).
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Table 6. Frequency of consanguinity of parents in each ethnic group.
White Moors Black Moors Pulaar Soninke Wolof

No consanguineous marriage 17.8% 27.1% 4.2% 0.5% 0.8%
Consanguineous marriage 20.8% 19.4% 7.6% 0.5% 1.1%

3.3 Frequency of Parental Inbreeding
The present study shows that 50.58% (477/943) of

the parents in the studied population did not partake in a
consanguineous marriage, while the rest were in a consan-
guineous marriage. The highest prevalence was 33.93%
(320/943) among marriages of close first cousins (Fig. 1).

Fig. 1. Frequency and the degrees of parental inbreeding.

Consanguineous marriages were very high among
white Moors, with a frequency of 20.8%; the lowest fre-
quency was found among the Wolof ethnic group. A total
of 50 people was found with a deficit among the 477 whose
parents were not consanguineous and 27 peoplewere shown
to have a deficit among the 466 whose parents are cousins
(Table 6). The correlation between the deficient in indi-
viduals and the consanguinity of the parents (p = 0.012)
indicates that the two variables are dependent. In a study
conducted by Hammami et al. [33], the results showed that
consanguinity in Mauritania leads to infant and child mor-
tality, especially in the Soninke and Pulaar ethnic groups.

4. Conclusion
This study confirmed heterogeneity in variants in the

Mauritanian population, with the A-variant presenting as
the dominant mutant. Moreover, it shows the presence of
other mutations that also potentially exist in our population.
G6PD deficiency is very common in donors of black Moor-
ish ethnicity, whose parents originated from Nouakchott.
These results are not surprising given that Mauritania is a
mosaic of different populations due to its geographical lo-
cation, which makes this country a crossing point for many
civilizations.
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