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Abstract                                                                                                                                  

Background: The glucose-6-phosphate dehydrogenase (G6PD) deficiency analysis is a critical  

phase in malaria  eradication that requires the use of primaquine therapy which is an effective 

remedy for Plasmodium vivax (P. vivax) that clears the liver hypnozoites and kills Plasmodium 

falciparum (P. falciparum) gametocytes to stop transmission. However, primaquine should not 

be given to patients with G6PD deficiency as there is a liability of haemolysis. In Sudan there is 

a lack of sufficient information regarding the prevalence rate of G6PD deficiency among positive 

malaria  cases.                                                                                                                           

Objective: To study the prevalence rate of glucose-6-phosphate dehydrogenase deficiency 

among malaria patients in Northern Rural Khartoum (Sudan).                                                                             

Materials and methods: This was a hospital-based study. 90 blood specimens were 

collected from diagnosed malaria cases. The estimation of G6PD was that carried out by the 

G6PD SPINREACT Enzymatic, UV kit. Data was analyzed using the Statistical Package for 

Social Sciences (SPSS) program.                                                                                                                     

Results: The mean age incidence of the recruited patients was 24.98 years (ranging from 3-73 

years). Out of the 90 patients investigated, 3 cases (3.3%) were found to be G6PD deficient. The 

prevalence rate of the G6PD deficiency in P. falciparum  infected patients was 66.6% (2 out of 3 

positive malaria patents ); and in P. vivax infected patients it was 33.3% (1 out of 3 positive 

malaria patents). Furthermore, G6PD deficiency frequency rate was 66.7% among males and 

33.3% among females.                                                                                                                           

Conclusion: Since glucose-6-phosphate dehydrogenase deficiency prevails among                                                 

P. falciparum and P. vivax infected patients, glucose-6-phosphate dehydrogenase is to be 

estimated prior to start of primaquine therapy.                                                                                                      

Keywords: G6PD deficiency, P. falciparum, P. vivax, Spinreact Enzymatic UV kit.                                                                               

Introduction 
 

Malaria remains one of the most important parasitic infections in the world. Malaria affects  
 

Ali, et al., 2019: Vol 4 (3) 

http://ajmsc.org/d/?ckattempt=1


2 
 

[[[[[[African Journal of Medical Sciences                      http://ajmsc.info 

 

300- 500 million people all  over the world, and it can become a life-threatening condition when 

it is not treated properly. Each year, malaria leads to deaths of millions of people all over the 

world. The high mortality and severe morbidity of the disease are observed mainly in Africa, 

Asia, and Latin America. Malaria in humans is caused by five Plasmodium species: Plasmodium 

falciparum, P. vivax, P. malariae, P. ovale and P. knowlesi. All species are transmitted through 

the bite of the female anopheles mosquitoes1.                                                                                     

Both P. falciparum and P. vivax contribute to the vast morbidity worldwide; whereas                                 

P. falciparum is the most pathogenic malaria species and has the highest prevalence rate in sub- 

saharan Africa. It is commonly associated with severe illness and death; and P. vivax is less 

prevalent in sub-saharan Africa. 5-10% of malaria infections are due to P. vivax, and the rest is 

due to P. falciparum; however, in humans infection with P. knowlesi  is rare2. 

Glucose-6-phosphate dehydrogenase (G6PD) is an important enzyme found in all cells that 

catalyzes the hexose-mono-phosphate pathway producing nicotinamide adenine dinucleotide 

phosphate (NADPH). This complex prevents  the generation of oxidative stress within red blood 

cells. The gene that code for G6PD is situated in a cluster of gene on the x-chromosome (q28). 

The G6PD gene is 18 kb long and consists of 13 exon and 12 intron3.  

Glucose-6-phosphate dehydrogenase (G6PD) deficiency is the most common enzymatic red 

blood cell disorder in humans, and prevails in more than 400 million people worldwide. It’s x-

linked, and has a hereditary genetic defect due to gene mutations. G6PD deficiency provides 

resistance against severe malaria. The precise mechanism of G6PD deficiency for protective 

effect against severe malaria is not fully understood. The high prevalence rate of G6PD 

deficiency highly correlates with geographical regions with endemic to malaria. The highest 

frequency rates are reported in Africa and Southeast Asia, while it is less common in America.  

The low prevalence rate of malaria in non-endemic regions indicates the association between 

G6PD deficiency and malaria4. One of the significant global public health challenges is the 

control of malaria, especially in low transmission regions which are considered as major areas 

for malaria elimination. Primaquine (PQ) is the only drug recommended for the radical cure of  

P. vivax by clearing liver hypnozoites killing P. falciparum gametocytes leading to prevention of 

vector transmission. Unfortunately, this drug cannot be administered freely without the 

estimation of G6PD. Deficient individuals undergo a risk of PQ induced hemolysis. Therefore, 

G6PD screening before PQ administration is necessary5. In Sudan G6PD deficiency is not 

reported in malaria endemic areas. Hence the intention of this study was to investigate the 

prevalence rate of G6PD deficiency among malaria patients in the northern rural areas of 

Khartoum (Sudan). 
 

 

Materials and methods                                                                                                                                                                                                                                        
 

This was a cross-sectional, hospital-based study conducted during the period from February to 

April 2018, at Al Gazeera Eslang and Sururab Hospitals in northern rural region of Khartoum 

(Sudan). Ethical approval was received from Al Neelain University Ethical Board. Permission to 

collect the specimens was granted by the authorities of Al Gazeera Eslang and Sururab 

Hospitals. A verbal, informed consent was obtained from all participants before specimens 

collection; and a detailed explanation of the study objectives was given to them. High ethical 

standards were maintained throughout the entire duration of this study. Clinical and laboratory                    
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data was collected by a structured interview questionnaire and analyzed by the Statistical 

Package for Social Sciences (SPSS) program. The means of haemoglobin and G6PD 

concentrations were determined, and p-value was calculated. All data were entered and verified 

using the statistical (SPSS) software program, version 20.0. All reported p-values were two-sided 

and were considered statistically significant if p = ˂ 0.05.                                                                        

Finger-prick blood specimens were collected from patients attending the medical laboratories of 

these hospitals. Thin and thick blood films were stained by Giemsa stain to detect malaria 

parasites microscopically. 2.5 mL venous blood were collected in EDTA tubes from all positive 

malaria cases to estimate haemoglobin and G6PD concentrations. Hemoglobin concentration was 

measured using the Care StartTM Hb system test strip. The enzyme activity of G6PD was 

determined by the G6PD Spinreact Enzymatic-UV kit (Sant Esteve de Bas, Spain) as per 

manufacturer's instructions.  

Results  
 
 

90 malaria positive patients were investigated. The frequency rate of positive malaria parasite 

was (53/58.9%) among males and females (37/41.1%) among females. The age range of the 

patients investigated was 1 to 73 years. Mean age was 24.98 years (SD ± 17.281). 35 patients 

(38.9%) were less than 18 years old, and 55 patients (61.11%) were more than 18 years old.                                                                                                                                              

There was no significant difference between P. falciparum and P. vivax infestation as regard 

G6PD deficiency (p > 0.362), age incidence (p > 0.5811), and gender incidence (p > 0.647).                      

P. falciparum was found positive in 60 patients (66.7%), and P. vivax was found positive in 29 

patients (32.2%). Mixed P. falciparum and P. vivax infection as detected in one patient (1.1%) 

only (Table 1).                                                                                                                                                 

The mean haemoglobin concentration among all patients was 11.50 g/dL (95% CI:11.121-

11.884). The mean of the haemoglobin concentration in G6PD deficient cases was 11g/dL                            

(SD ± 2.9614). The mean of the haemoglobin concentration in in non-G6PD deficient cases was 

11.52g/dL (p > 0.770), i.e. there was no significant difference (Table1).                                                                                                                                                     

Regarding prevalence rate of G6PD deficiency, the positive cases were 3 (3.3%) out of the 90 

cases investigated. Two of these positive cases were males, and one was a female.                                                   

Also, 2 G6PD deficient cases were P. falciparum positive and  one case was P. vivax positive. 

The mean haemoglobin concentration of G6PD deficient cases was 11g/dL. On the other hand, 

the mean age incidence of G6PD deficient cases was 15 years (SD ± 15.133), with a range from 

3 to 32 years.                                                                                                                                       

Discussion  

In Sudan, Artemisinin-based combination therapy (ACT) is used together with other drugs to 

eradicate malaria. This measure reduced falciparum malaria burden. PQ drug is the only drug 

available for radical cure of P. vivax which is considered the second most common cause of 

malaria after P. falciparum globally and in Sudan in particular. Yet, there is an increase in P. 

vivax malaria due to mingling of Ethiopian and Eritrean refugees in Sudan. It worth  mentioning 

that P. vivax malaria is more difficult to control because of its hypnozoites forms6.                                                                                                                                                      

There are no data on the prevalence rate of G6PD deficiency among Sudanese population. In this         
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study the prevalence rte of G6PD deficiency  was 3.3% among malaria positive patients 

investigated. The prevalence rate of P. falciparum 66.7%, and that of P. vivax was 33.3%. There 

was no significant difference between the two species as regard G6PD deficiency (p > 0.362), or 

as age incidence (p > 0.5811), or gender incidence (p > 0.647). In this context, the G6PD 

deficiency was prevalent among 66.7% males  and 33.3% females. These findings, were similar 

to  previous studies by Li and his colleagues7 (27.9% males and 30.6% females); and comparable 

to the findings of Lee and his co-workers8 (91.2% males and 8.8 % females). Furthermore, 

Dombrowski and his co-authors9 noticed an equal prevalence rate of G6PD deficiency among 

males and females. Thus there was no significant difference in prevalence rate of G6PD 

deficiency according to gender incidence. This can be explained by the fact that hetrozygously 

deficient women have a mixed population of erythrocytes, owing to random inactivation of one 

of the two x-chromosomes (lionization). Due to this lionization some of the heterozygote females 

are deficient and others are normal10. An important finding of this study was presence of G6PD 

deficiency in malaria patients. Hence G6PD estimation is needed prior to PQ drug therapy to 

prevent development of haemolysis.                                                                                                                                                                

Conclusion: Since glucose-6-phosphate dehydrogenase deficiency prevails among                                                 

P. falciparum and P. vivax infected patients, glucose-6-phosphate dehydrogenase is to be 

estimated prior to start of primaquine therapy.                                                                                              

Table (1): Distribution of glucose-6-phosphate dehydrogenase and haemoglobin                          

concentrations according to gender, age incidence, and Plasmodium species 

Parameter Total P. falciparum P. vivax P-value 

Positive patients  90 60 30  

Age (years):  
 

Mean 

Range  

SD  

95% CI  

 

24.98 

1.00-73.00 

±17.28 

21.36-28.60 

 

23.88 

3.00-73.00 

±15.11 

19.972-27.7774 

 

27.93 

1.00-65.00 

±21.09 

19.326-35.073 

 

 

0.581 

Age incidence: 
 

<18 Years 

>18 Years 

 

34 (38.2%) 
55 (61.8%) 

 

21 (35%) 

339 (65%) 

 

13 (44.8%) 

16 (50.2%) 

 

0.249 

 

Gender ratio  
1.472 

(59.6% / 40.4%) 

1.608 

(61.7% / 38.3%) 

1.230 

(55.2% /44.8%) 

 

0.647 

Haemoglobin (g/dl): 

Mean  

Range  
 

SD  
 

95% CI  

 

11.50 

7.50-15.00 

±1.82 

11.121-11.884 

 

11.78 

7.50-15.00 

±1.96 

11.268-12.281 

 

10.97 

7.70-13.50 

±1.38 

10.440-11.512 

 

 
 

0.032 

G6PD deficiency  3 (3.3%) 2 (3.3%) 1 (3.4%) 0.362 
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