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ABSTRACT 
 
Background: The aim of this study was to determine the prevalence of the deficiency of Glucose-6-
phosphate 10 dehydrogenase (G6PD) activity among students of Sultan Abdurrahaman School of 
Health Technology Gwadabawa, Sokoto State. 
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Methodology: A total of 164 subjects comprised of 82 (50%) males and 82 (50%) females were 
recruited for this study. Randox G6PD qualitative in vitro test screening was used for the diagnosis 
of G6PD deficiency.  
Results: Of the 164 subjects tested, 144 (87.8%) were normal while 20(12.2%) were G6PD-
deficient.Out of the 82 male subjects studied, 64 (78%) were normal while 18 (22%) were G6PD 
deficient compared to 80 (97.6%) and 2 (2.4%) females subjects who were normal and deficient for 
G6PD respectively. There was a significant difference between gender (p<0.01) using chi-square. 
Conclusions: The Prevalence of G6PD deficiency was concentrated predominantly among male 
subjects (22%). There is a need for the routine screening of subjects on a much wider scale for 
G6PD deficiency in our environment, especially in malaria endemic areas, where quinine and its 
derivatives be used. This would allow for evidence-based management of subjects with G6PD 
deficiency and also educate them so as to avoid food, drugs, and other agents that can potentially 
predispose them to hemolytic crisis or oxidative stress. 
 

 
Keywords: Prevalence; G6PD; students; Gwadabawa; Sokoto; Nigeria. 
 
1. INTRODUCTION 
 
Glucose-6-phosphatase dehydrogenase (G-6-
PD) deficiency is one of the most common 
enzyme defects in humans affecting close to 400 
million people worldwide. G6PD catalyzes the 
first reaction of the pentose phosphate pathway 
(PPP): in this reaction, NADPH which protects 
red blood cells from oxidative damage is 
produced [1].  
 
This deficiency principally affects men of African 
and Mediterranean ethnic origins, with a 
prevalence of approximately 10% [2]. It is an X-
linked disorder and has many genotypes 
(homozygous and heterozygous). The gene that 
code for the enzyme is located on the X- 
chromosome [1]. Males are mostly affected than 
female but occasionally homozygous females are 
affected. Deficiency in heterozygous females 
may provide protection against severe malaria 
where P. falciparum is endemic [3]. G6PD 
deficiency can also be inherited from females 
who are heterozygous i.e carry one copy of the 
causative gene on one of their X chromosomes. 
Males who inherit the defective gene from the 
mother develop G6PD deficiency, while females 
who receive the defective gene end up as 
carriers (carrier females generally do not show 
any characteristic symptoms) [4]. 
 
G6PD deficiency has many different variants and 
Mediterranean mutation is the most common 
variant of enzyme deficiency and often 
associated with favism [1]. The commonest in 
Africa is the variant A-G6PD [3].  
 
According to the World Health Organization 
(WHO), 7.5-10% of the world population bears 

one or two genes variants for G6PD deficiency 
and about 2.9% out of the said number are 
G6PD deficient. [5]. The prevalence of this 
deficiency varies around the globe, with 
frequencies ranging from 2% to 20% in Greece, 
Turkey, and Italy; but increased as much as 70% 
in groups of Kurdish Jews. Recently, a Bayesian 
geo-statistical model was used to estimate the 
prevalence of G6PD deficiency worldwide. This 
map presented the allelic frequency of the 
phenotypic deficiency, which is the prevalence of 
the disease in men. The results of this study 
showed that in Latin America (LA), the 
prevalence of G6PD deficiency is lower 
compared with other regions such as sub-
Saharan Africa or Asia [2]. In Asia, the deficiency 
prevalence ranges from 6.0% to 15.8%.In India, 
it is 10.5%,while in the Middle East the 
prevalence varies from 3% to 29% [6,7]. In 
Brazil, a few studies have found a prevalence 
between 1.7% and 6.0% [8]. 
 
In Africa, the prevalence of G6PD deficiency has 
been reported as high as 28.1% in south-west 
Nigeria, 22.5% in Congo (Brazzaville),15.7% in 
Mali (Bamako), 13.0% in Uganda and 9.0–15.5% 
in Gabon [9].Previous reports in Nigeria showed 
that the prevalence of G6PD deficiency ranged 
from 4% to 26%. However, a study by I.Z. Isaac 
et al (2016) [10] in Sokoto, Nigeria among 118 
children visiting the Emergency Pediatrics unit of 
Usmanu Danfodiyo University Teaching Hospital 
for pediatrics related care indicated G6PD 
deficiency of 14.4%. Also a study by Bello et al 
(2016) [4] in Katsina among children aged 0 – 5 
years reported an overall prevalence of 16.2% 
[4,11,12]. It is most frequent among individuals of 
African descent, with a frequency ranging from 
3.6% to 28.0% [6,7]. 
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Most people with the deficiency do not present 
any symptoms until exposed to oxidative drugs, 
some infections or ingestion of Fava beans. 
Majority of deficient patient develop mild to 
severe chronic hemolysis only when oxidative 
hemolysis occurs [3]. The degree of hemolysis 
changes according to the degree of enzyme 
deficiency and the oxidant agent exposure [13]. 
Avoiding the oxidative agents that induces 
hemolysis is the most important step in the 
treatment of the enzyme deficiency. Screening of 
Neonates and proper health education can 
reduce the rate of G6PD deficiency [1]. 
  

2. MATERIALS AND METHODS 
 
2.1 The Study Area 
 
The study area is Sultan Abdurrahman School of 
Health Technology (SASHT) Gwadabawa. 
Gwadabawa is one of the local government 
areas in Sokoto State, North Western Nigeria. 
The local government has a land mass of 
991km2 and a population of 231,569 in 2006 
census, and a projected population of 269,050 by 
2011 [14]. The inhabitants are predominantly 
Hausa-Fulani by tribe, and most of the students 
attending the school are from the town and 
nearby cities which shares the same ethnicity. 
 

2.2 Study Subjects 
 
A total of 164 apparently healthy individuals 
comprised of 82 (50%) males and 82 (50%) 
females attending Sultan Abdurrahman School of 
Health Technology (SASHT), Gwadabawa and 
its environment were recruited for this study. 
 

2.3 Study Design 
 
This was a cross sectional study designed to 
determine the prevalence of G6PD deficiency 
among the subjects attending SASHT, 
Gwadabawa and its environment. The patients 
were conveniently enrolled into the study. 
Qualitative data was elicited using interviewer 
self-administered questionnaire, while 
quantitative test data was obtained through 
screening for G6PD status of the subjects.  
 
2.3.1 Inclusion criteria 
 
Apparently healthy male and female subjects, 
without prior knowledge of their G6PD status. 
  
2.3.2 Exclusion criteria 
 
Subjects with known cases of infection or use of 
therapeutic drugs. 

2.4 Ethical Considerations 
 
Ethical approval was obtained from the school 
authority, and Informed consent was obtained 
from the patients prior to the commencement of 
the study as directed by the management of 
SASHT, Gwadabawa, Sokoto, North-Western 
Nigeria. 
 
2.5 Sampling Techniques 
 
Apparently healthy individuals were enrolled for 
the study, structured interviewer self-
administered questionnaires were used to obtain 
the patient’s data, such as the demographic data 
including age, gender, occupation, etc. and other 
relevant data were obtained from the them. 
 
2.5.1 Specimen collection and processing 
 
Two (2 milliliters of whole blood was collected 
from each study participants and the blood 
emptied into S-Monovette, ethylene-diamine-
tetra-acetic acid (K2EDTA) anti coagulated 
vacutainer tubes. The anti-coagulated blood was 
stored in a refrigerator till required for use in the 
screening of subjects for G6PD deficiency 
(qualitative test). All sample collected were 
analysed within 48 hours. 
 
2.6 Test Principles and Procedures 
 
2.6.1 Methaemoglobin method of screening 

for G6PD deficiency 
 
2.6.1.1 Principle  
 
Sodium nitrite converts hemoglobin (Hb) to 
methaemoglobin (Hi) when no methylene blue is 
added. Methaemoglobin persists but incubation 
of the samples with methylene blue allows 
stimulation of the pentose phosphate pathway in 
subject with normal G6PD levels. The 
Hemoglobin level (Hb) is reduced during the 
incubation period. In G6PD deficient subjects, 
blockage in the pentose phosphate pathway 
prevent this reduction. 
 
2.6.1.2 Reagents 
 
Sodium nitrite (180 mmol/L), Dextrose (280 
mmol/L) 5 g of AR dextrose and 1.25 g of NaNO2 
were dissolve in 100 ml of water. 
 
Methylene blue (0.4 mmol/L);.Dissolve 150 mg of 
Methylene blue chloride, (Sigma, country) was 
dissolve in 1 liter of water. 
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2.6.1.3 Procedure 
 
Two milliliters (2 mL) of anticoagulated (EDTA) 
blood was added to the tube containing 0.1 ml of 
the freshly prepared Sodium Nitrite Glucose 
reagent and 0.1 ml Methylene blue and mixed 
gently by inverting the tube marked (Test). 
 
The Control tube was prepared by adding 2 ml of 
blood without the Sodium Nitrite Glucose reagent 
and Methylene blue marked (normal reference 
tube). 
 
Two milliliters (2 ml) of blood was also added to 
another tube containing 0.1 ml of Sodium Nitrite 
– Glucose reagent without methylene blue and 
mixed gently marked (deficient reference tube) 
[3]. 
 
All the tubes were incubated at 37°C for 90 
minutes. 
 
2.6.1.4 Interpretation 
 
Normal blood will produce a colour similar to that 
in the normal reference tube (clear red). Blood 
from a deficient subject give a brown colour 
similar to that in the deficient reference tube. 
 
Table of Protocol  
 
Tube Test Normal 

reference 
Deficient 
reference 

Sodium-nitrite- 
glucose reagent  

0.1 ml - 0.1 ml 

Methylene-blue 
reagent 

0.1 ml  - 

Sample 2 ml 2 ml 2 ml 
 
2.7 Statistical Analysis 
 
The data collected were entered into the data 
editor of statistical package for social sciences 
(SPSS Version 22) software. Analysis was based 
on simple percentages, or proportions. A Chi-
square test at a 95% confidence level was also 
used to test for association of G6PD deficiency 
between male and female subjects. A p-value of 
<0.05 was considered significant in all statistical 
analysis. 
 
3. RESULTS 
 
Table 1 shows the percentages and number of 
G6PD normal and deficient subjects in the study. 
From the Table it can be seen that the number of 
deficient males is higher than that of the females.  

Table 1. The percentages of G6PD status in 
both male and female 

 
G6PD 
status  

Male Female Percentage 
(%) 

Normal 64 (78.0) 80(97.6) 144(87.8%) 
Deficient 18 (22.0) 2(2.4) 20 (12.2%) 
Total 82 (100) 82(100) 164 (100%) 

p = 0.000 
 
4. DISCUSSION 
 
In this study, 87.8% of the students were found 
to be normal, while 12.2% are deficient, which 
was consistent to the study carried out by Akanni 
et al. [15] in Osogbo, South- west Nigeria, that 
reported a prevalence of 80.5% normal and 
19.5% deficient in male subjects. The male 
subjects had a higher prevalence (22%) of G6PD 
deficiency compared to their female’s 
counterparts with a prevalence of 2%. This 
further supports the history of G6PD deficiency 
as an X-linked recessive genetic disorder carried 
by genes on X chromosome; and the fact that 
male hemizygotes and female homozygotes are 
most frequently affected, Amiwero C. E. and 
Olatunji P. O. [16] hence this deficiency will 
largely affect males, since the deficiency is 
inherited in a sex linked fashion and the fact that 
the abnormal genes are mostly found in Africans 
and Mediterranean’s than others.  
 
This study also agrees with the work of 
Ademowo and Falusi [17] that reported a G6PD 
deficiency prevalence of 4.6% in females and 
23.9% in males, and Isaac et al. (2013) that 
reported a prevalence of 22.1% in male children 
in their study carried out among children in 
Sokoto, North-west Nigeria. Another study by 
Ouattara et al. [18] found a higher prevalence in 
males than Females, even though their overall 
prevalence was 9.5% in a rural community in 
Burkina Faso. This difference in the overall 
prevalence might be due to ethnic differences 
between their study group and ours, another 
factor may be that they are having a different 
variant of the enzyme than the variant found in 
North-western Nigeria, even though the A(-) 
variant (with 10 – 20% activity of the B variant) 
and a frequency of up to 15% is common in sub 
Saharan Africa. 
 
Our study was also consistent with the 
prevalence of 20% recorded by Egesie et al. [12], 
in subnormal G6PD activity in the male 
population in Jos, North Central, Nigeria. In 
another research carried out by Al-Riyami and 
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Ebrahim, [6] in the Sultanate of Oman reported a 
prevalence of 25% for males children which was 
consistent with our study and 10% for female 
children, which is at variance to the 2% reported 
by this study. G6PD deficiency is believed to be 
beneficial as it is reported that red cells that are 
G6PD deficient, are also resistant to Plasmodium 
falciparum invasion since the Plasmodium 
parasite requires the enzyme for its normal 
survival in the host. Even though this deficiency 
offers selective protection against P. falciparum 
malaria, there are reports that some                           
P. falciparum parasite strains have been able to 
synthesize their own G6PD enzyme, and thereby 
evading the immunity conferred by the absence 
of the enzyme [12]. 
  
Nguetse et al. [19] also reported an overall G6PD 
prevalence of 13% in a study carried out on 
Gabonese, Ghanaian and Kenyan children, this 
result is similar to that obtained in this study. 
 
5. LIMITATIONS 
 
This study is limited by the fact that, though the 
methaemoglobin reduction screening test 
employed is sensitive and specific, there are 
conflicting reports from other studies about its 
sensitivity and specificity. However, 
Methaemoglobin reduction screening test 
remains a useful and reliable alternative for 
researches most especially in developing 
countries like Nigeria; where there are limited 
resources, no research grants and the cost of 
routine screening of G6PD is an issue. Other 
techniques regularly employed for the estimation 
of G6PD enzyme includes the NADPH 
fluorescent spot test (qualitative). This method 
detects the fluorescence of NADPH, which is 
proportional to G6PD activity, under long- wave 
UV light (365 nm), the spectrophotometric 
enzyme assay (quantitative) These tests are run 
in duplicates and incubated at 30°C in a water 
bath for 5 minutes, the Enzyme activity 
determine using a temperature regulated 
spectrophotometer, the lateral flow colorimetric 
test (qualitative) which must be performed 
between 18°C and 25°C, Cytochemical staining 
and flow cytometry. As well as the 
Methaemoglobin reduction test (qualitative) [20]. 
 
6. CONCLUSION 
 
This study has shown a high prevalence (22%) of 
G6PD deficiency among Male subjects residing 
at SASHT, Gwadabawa Local government area 
of Sokoto State, north-western Nigeria. Our 

findings indicated a male-sex bias in the 
prevalence of G6PD deficiency among the 
subjects presented in this study. There is need 
for the inclusion of G6PD screening as a routine 
test in the Laboratory, bearing in mind that 
Gwadabawa Local Government is one of the 
mosquito endemic areas and as such the 
possibility of hemolytic crisis for patients that are 
deficient in G6PD enzyme that may take quinine 
containing antimalarial drugs or any oxidative 
drug that can trigger the hemolysis. Creating 
awareness among health professionals is very 
essential in this respect. 
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