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Abstract  

Background: Glucose-6-phosphate dehydrogenase (G6PD) deficiency is known to be the most 
common enzymopathy in the world affecting ~7% of the global population. The G6PD gene, lo-
cated in the long arm of chromosome X (Xq28), consists of 13 exons and 12 introns encoding 515 
amino acids. Over 200 G6PD mutations have been reported worldwide, where 140 mutations or 
combined mutations are found to be hematologically important. Aim: To assess the frequency of 
the G6PD Mediterranean (Med) gene mutation 563 C→T in children attending Suez Canal Univer-
sity Hospital and its relation to G6PD silent gene mutation 1311 C→T. Subjects and Methods: This 
study was conducted on 50 G6PD deficiency patients who were previously diagnosed and con-
firmed by quantification of G6PD enzyme activity, 44 of them were males while 6 patients were 
females. The control group was 20 apparently healthy children with matched age and sex with 
the patients' group. Each of the study groups was tested for the following: complete blood count, 
G6PD enzyme activity quantification, and testing the presence or absence of the G6PD Med gene 
mutation and G6PD silent gene mutation using real-time PCR. Results: The current study shows 
the incidence of G6PD Med gene mutation in 26 patients (52%) and that 96.2% of G6PD patients 
with G6PD Med gene mutation had G6PD silent gene mutation. Conclusion: The current study 
shows the incidence of G6PD Med gene mutation in 52% of patients and that 96.2% of G6PD pa-
tients with Med Gene mutation had G6PD silent gene mutation. The presence of either G6PD Med 
gene mutation or both G6PD Med gene mutation and G6PD silent gene mutation together were 
insignificant in the prediction of G6PD status whether diseased or not. G6PD deficiency could be 
a consequence of a complex multifactorial mechanism probably related to both environmental 
factors and genetic modifiers. 
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Introduction 

Glucose-6-phosphate dehydrogenase (G6-
PD) deficiency is known to be the most 
common enzymopathy in the world affect-
ing ~7% of the global population. Elella et 

al. in Egypt screened 2782 newborns for 
G6PD deficiency where 4.3% of them were 
affected with male to female ratio 3.2:1(1,2). 
The G6PD deficiency causes multiple ab-
normalities that span from asymptomatic 
individuals to patients presented with 
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neonatal jaundice, acute episodes of he-
molysis elicited by exogenous agents 
(acute infections, drugs, or certain types of 
food) or chronic non-spherocytic hemo-
lytic anemia(3). One of the essential func-
tions of G6PD is producing a reduced form 
of nicotinamide adenine dinucleotide 
phosphate which is necessary for reductive 
biosynthetic reactions as well as for the 
stability of catalase and safeguarding the 
reduced form of glutathione. Catalase and 
glutathione are needed for the detoxifica-
tion of H2O2. The cell protection from this 
free radical hinges on G6PD activity since 
the red blood cells lack other enzymes that 
produce NADPH(4). The G6PD gene, lo-
cated in the long arm of chromosome X 
(Xq28), consists of 13 exons and 12 introns 
encoding 515 amino acids. Over 200 G6PD 
mutations have been reported worldwide, 
where 140 mutations or combined muta-
tions are found to be hematologically im-
portant(5). The World Health Organiza-
tion classifies G6PD genetic variants into 
five classes, the first three of which are de-
ficiency states. Class I: severe deficiency 
(<10% activity) with chronic non sphero-
cytic hemolytic anemia, Class II: severe de-
ficiency (<10% activity) with intermittent 
hemolysis ,Class III: moderate deficiency 
(10-60% activity) and hemolysis with stress-
ors only, Class IV: non-deficient variant 
with no clinical sequelae and Class V: in-
creased enzyme activity with no clinical se-
quelae(3,6). The occurrence of different 
gene mutations has been categorized in 
certain populations and it was found that 
Class II 563 C→T mutation is common in 
Mediterranean populations .This variant is 
characterized by <10% of normal G6PD ac-
tivity, making it a severe form of the dis-
ease(7). The Mediterranean variant is due to 
a point mutation (C→T) at nucleotide 563, 
leading to the substitution of serine to phe-
nylalanine at amino acid position 188 in 
G6PD(8). An additional G6PD silent 

mutation at nucleotide 1311 is often de-
tected in patients from the Mediterranean 
region and Middle East. Many studies re-
vealed high frequency of G6PD silent gene 
mutation (1311C→T) in patients having 
G6PD Med mutation (9). Different studies  
were  conducted in Egypt to identify the 
most prevalent G6PD mutation(9,10) but  the 
results were variable; therefore, different 
molecular studies should be performed 
covering different areas of  Egypt due to 
the complexity and the different ethnic or-
igins of the Egyptian population. There-
fore, this study was conducted to identify 
the prevalence of the G6PD Med gene mu-
tation and silent gene mutation among the 
G6PD deficient children in Ismailia city. 

Patients and Methods 

Research design  
The study is an observational, case-control 
study. Children were recruited from the 
outpatient pediatric hematology clinic of 
the Suez Canal university hospital, Ismailia . 
Lab tests were performed at the clinical pa-
thology department of the Suez Canal uni-
versity hospital, Ismailia. 

Study population 
The study included 50 children (<18-year 
old) who were diagnosed with G6PD defi-
ciency anemia. Twenty apparently healthy 
age and gender-matched children who at-
tended Suez Canal university hospital for 
regular check-up served as a control group. 
All groups were enrolled to participate in 
the study and the children’s parents signed 
study consent. The study excluded pa-
tients with hemolytic anemias other than 
G6PD deficiency (e.g., thalassemia) and 
those who had a history of G6PD attack or 
blood transfusion 3 months prior to the 
time of sampling. 

Methods  
Data collection 

https://en.wikipedia.org/wiki/World_Health_Organization
https://en.wikipedia.org/wiki/World_Health_Organization
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A) Descriptive data: Age, sex, date of last 
hemolytic attack.  
B) Laboratory assessment:  
Four mL of venous blood was collected 
from each child as follows: 

• Two ml of venous blood in EDTA tube 
for complete blood count (CBC) and 
quantitative measurement of G6PD en-
zyme activity using the direct enzyme 
activity assay spectrophotometry. 

• Two mL of venous blood in EDTA tube 
for molecular assessment: DNA isola-
tion and genotyping of G6PD Med gene 
mutation (563 C→T) (rs5030868) and 
G6PD silent gene mutation (1311 C→T) 
(rs22300037). 

Hematological assessment 
   Complete blood count (CBC) using auto-
mated hematology cell counter (Sysmex 
XN-550 fully automated hematology cell 
counter). 
   Quantitative measurement of G6PD en-
zyme activity using the direct enzyme activ-
ity assay spectrophotometry. 
According to the instructions supplied by 
kit provided by ARENA-BioScien quantita-
tive assessment of G6PD enzyme activity, 
G6PD in RBCs is released by lysing agent 
present in the reagent. The G6PD released 
from the red cells catalyzes the Glucose-6-
phosphate with reduction of NADP to 
NADPH. The rate of reduction of NADP to 
NADPH is measured as an increase in ab-
sorbance at 340 nm produced in the reac-
tion catalyzed by the enzyme which is pro-
portional to the G6PD activity in the sam-
ple used(11). The procedures provided in the 
manual with the kit were followed. The ab-
sorbance was taken 2 min after reaction 
mixture was added with blood and final 
value was calculated by multiplying ab-
sorbance (∆A) with factor 4778 in Human 
Semi-automated analyzer divided by he-
moglobin concentration of patients. The 

normal value of the G6PD activity at 37 °C is  
8.7 ± 1.7 IU/g hemoglobin(12).  
 
The molecular confirmation of the presence 
or absence of the G6PD Med gene mutation 
(563 C→T) and G6PD silent mutation at po-
sition (1311 C→T) by real-time PCR 
 
Genotyping  
Genomic DNA was extracted from 200 μL 
peripheral whole blood sample using com-
mercially available Spin-column technique. 
The QIAamp DNA Blood Mini Kit (Qiagen, 
Inc., Valencia, CA, USA) purified genomic 
DNA from peripheral blood leukocytes.  

DNA purity and concentration 
The DNA yield and purity were assessed 
spectrophotometrically using the Thermo 
Scientific NanoDrop™ Spectrophotometer 
(Nanodrop) (Thermo Fisher Scientific Inc. 
USA). 

Real-time PCR reaction mixture preparation 
In an appropriate tube, the components 
were combined: (TaqMan Universal Mas-
ter Mix II, 2X), TaqMan genotyping assay 
mix (20X) and DNase-free water, then the 
tubes were capped and vortexed to mix 
the solutions. Into each column, the PCR 
reaction mix volume was pipetted, the col-
umns were sealed with a MicroAmp clear 
adhesive film, then centrifuged briefly to 
spin down the contents. 1 to 10 ng of ge-
nomic DNA or control DNA were needed 
for each reaction in the appropriate vol-
ume. The columns were sealed using Mi-
croAmp Optical Caps and loaded into Ap-
plied Biosystems 7500 Fast Real-Time PCR 
Systems. After PCR amplification, end 
point plate readings were performed on 
7500 Fast Real-Time PCR Systems analyzer 
and software. Real-time PCR and melting 
curve analyses was performed using 7500 
Fast Real-Time PCR Systems applied bio-
system © USA, analyzer and software.  
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Two TaqMan® MGB probes were used for 
the SNP: One probe labeled with VIC® dye 
detected the Allele 1 sequence of G6PD 
Med gene mutation 563 C→T and other 
probe labeled with FAM™ dye detected the 
Allele 2 sequence of G6PD silent gene mu-
tation. 

Results 

Demographic data  
Tables (1 and 2 ) show that there were no 
statistically significant differences in 

gender and age distribution among both 
study groups. The mean age was 5.48 ± 2.3 
and 5.98 ± 2.81 for the control and diseased 
groups respectively. The control group 
were 20 apparently healthy children with 
matched age and sex with the patients’ 
group. Each of the study groups were 
tested for the following: complete blood 
count, G6PD enzyme activity quantifica-
tion and testing the presence or absence 
of the G6PD Med gene mutation (563C→T) 
and G6PD silent gene mutation (1311C→T) 
using Realtime PCR.  

 
Table 1: Genders’ distribution among study groups 

Group Control Diseased 
p-value 

Gender n (%) n (%) 

Male 18 (90) 44 (88) 

0.812 Female 2 (10) 6 (12) 

Total 20 (100) 50 (100) 
Chi-squared test. p-value significant when < 0.05. 

 
Table 2: Age distribution among study groups (Means and SDs) 

Group Control Diseased 
Test p-value 

Variable Mean ± SD Mean ± SD 

Age (years) 5.48 ± 2.3 5.98 ± 2.81 M 0.542 
Mann-Whitney U test. p-value significant when < 0.05. 

 
Molecular studies  
Table (3) shows that there was a statisti-
cally significant difference between study 
groups regarding the distribution of G6PD 
Med gene mutation as 25 of the G6PD defi-
cient males and 1 of G6PD deficient fe-
males (52%) of the sample population ex-
pressed the Med gene mutation with simi-
lar incidence reported by El Gezeiry et al.(13) 
which were 43.6 %  but these results are 
slightly lower than Arnaout  et al.(9)  and 
Hafez et al.(10) which was 60 % and 62 % re-
spectively while the highest incidence  was 

reported by Osman et al. being 94.7 %(14). 
While the current study shows the inci-
dence is higher than those of Rizk et al., Ezz 
El -Deen et al. and Ramadan et al.(15,7,16) 

which were 28% , 23% and 33% respectively. 
The G6PD Med gene mutation is the most 
common mutation in Egypt and Asian Arab 
countries, with frequencies ranging from a 
low of 53.6% in Jordan to a high of 91.2% in 
Bahrain (17,18). A recent study in Syria 
showed that a total of 83% of patients carry 
the Med mutation (19), while it is the second 
most common variant in some African 
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Arab countries such as Algeria and Tunisia 
with frequencies of 23% and 11.4% respec-
tively (20,21). The mutation decreases in fre-
quency as we move east, though it is still 
present in polymorphic frequencies in Ma-
laysia (22). Table (4) shows that there was a 
statistically significant difference between 
study groups regarding the distribution of 
G6PD silent gene mutation as 68% of the 
G6PD patients had the G6PD silent muta-
tion, while table (5) shows that twenty-five 
of G6PD patients (96.2%) having Med gene 
mutation are positive for G6PD silent gene 
mutation. This is higher than the percent-
ages reported by Arnaout et al. (9) and Ezz 
El-Deen et al. (7) being 77.4% and 28% respec-
tively and near to that reported by Hafez et 
al. (10). The comparison of G6PD mutations 

distribution found that the frequency of 
each variant varied between different 
studies, and this could be mainly attributed 
to the difference of patients’ recruitment 
sites as this study was at Ismailia while 
other studies were at Cairo, Mansoura and 
Alexandria cites which may show different 
ethnicities. Also, there is a variability of 
samples’ size among different studies for 
example Rizk et al. (15) included 21 G6PD 
male patients while Arnaout et al. (9) in-
cluded 50 patients. The other possible 
cause is the difference of the methods 
used to detect the presence or absence of 
both the G6PD Med gene mutation and si-
lent gene mutation. Most of them used 
PCR-RFLP technique while this study used 
PCR-real time.  

 
Table 3: SNP 563’s distribution among study groups 

Group Control Diseased 
p-value 

Variable Attribute n (%) n (%) 

Genotype Affected male 0 (0) 25 (50) 

0.001 

Not affected male 18 (90) 19 (38) 

Heterozygous female 0 (0) 1 (2) 

Not affected female 2 (10) 5 (10) 

Total 20 (100) 50 (100) 
Chi-squared test. p-value significant when < 0.05. 

 

Table 4: SNP 1311’s distribution among study groups 

Group Control Diseased p-value 
Variable Attribute n (%) n (%) 

Genotype 

Affected male 5 (25) 33 (66) 

0.006 

Not affected male 13 (65) 11 (22) 

Heterozygous female 0 (0) 1 (2) 

Not affected female 2 (10) 5 (10) 

Total 20 (100) 50 (100) 

Chi-squared test. p-value significant when < 0.05. 

McDonagh et al. (23) reported that 1311T 
haplotype is found in populations of Medi-
terranean and Middle Eastern countries, 
but not in Asian individuals with the Medi-
terranean variant, suggesting the Mediter-
ranean variant 563 might arise inde-
pendently in the two geographical 

locations. Also, Krzelj et al. (24) stated that 
most individuals with the G6PD Med gene 
mutation originating from the Med basin 
possess the G6PD 1311 silent polymor-
phism. Table (6) shows that presence of ei-
ther Med gene mutation or both G6PD 
Med gene mutation and silent mutation 
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together were insignificant in the predic-
tion of G6PD status either diseased or not, 
but the presence of G6PD silent mutation 
is a risk factor for developing G6PD defi-
ciency disease. These findings suggest that 
there are other factors that assist SNP 563 
positivity in G6PD status, and that the Med 
mutation is not the only mutation that 

cause G6PD deficiency, and this could be a 
consequence of a complex multifactorial 
mechanism probably related to both envi-
ronmental factors and genetic modifiers 
such as infection, medications, and dietary 
pattern of G6PD deficient individuals and 
the X- chromosome inactivation pattern 
among heterozygous females. 

 

Table 5: SNP 1311 association with SNP 563 

SNP 563 Negative Positive 
p-value 

SNP 1113 n (%) n (%) 

Negative 30 (68.2) 1 (3.8) 

<0.001       Positive 14 (31.8) 25 (96.2) 

Total 44 (100) 26 (100) 

Chi-squared test. p-value significant when < 0.05. 

Table 6: G6PD’s disease prediction models 

Model Variable Beta p-value OR 95% CI OR 

1 
SNP 563 21.021 0.998 1346229053.965 - 

Constant 0.182 0.547 1.200  

2 SNP 1311 1.852 0.002 6.375 1.971 - 20.615 

Constant 0.065 0.857 1.067 - 

3 Both 20.980 0.998 1292379891.435 - 

Constant 0.223 0.457 1.250 - 

Chi-squared test. p-value significant when < 0.05.

Conclusion 

The current study shows the incidence of 
G6PD Med gene mutation in 52% of pa-
tients and that 96.2% of G6PD patients with 
Med Gene mutation had G6PD silent gene 
mutation. The presence of either G6PD 
Med gene mutation or both G6PD Med 
gene mutation and G6PD silent gene mu-
tation together were insignificant in the 
prediction of G6PD status whether dis-
eased or not. 
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