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Glucose-6-phosphate dehydrogenase (G6PD) enzyme plays an active role in survival of  erythrocytes. The 
deficiency of  G6PD in the red blood cells is a clinical problem attributed to neonatal jaundice and chronic 
hemolytic anemia. Three hundred and thirty three blood samples were collected from consenting participants 
and screened for G6PD using methaemoglobin reductase method and malaria parasite microscopically by using 
Giemsa staining technique. The data obtained were analyzed with SPSS (version 16) software as statistical tool 
with p value ≤ 0.05 as level of  significance. The prevalence of  G6PD deficiency in male and female participants 
was 27.2% and 19.2% respectively. There was no significant association between G6PD deficiency and sex 
(0.086). Fifty 50 (15%) of  samples were positive for malaria (P. falciparum associated) with prevalence rate of  
10.2% among female as against 4.6% found among male counterparts. There was significant association between 
malaria and gender (p-value = 0.04).  Also, the rate of  G6PD was higher in male (27.2%) than in female (19.5%) 
participants but not statistically significant (0.086). Low level of  both G6PD deficiency and malaria (2.4%) was 
found. Due to possibility of  G6PD deficiency, there is need for the diagnosis of  G6PD in the management of  
malaria.
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INTRODUCTION
Glucose-6-phosphate dehydrogenase (G6PD) 
deficiency is one of  the known inherited human 
enzyme diseases. It affects 10% of  the world 
population, which amounts to 200-400 million 
people globally (Cappellini and Fiorelli 2008; 
Williams et al., 2013). G6PD deficiency results in 
3,400 and 4,100 deaths in 1990 and 2013 
respectively (GBD, 2013). It is an X-linked 
disorder genetically transmitted by a sex-linked 
gene of  intermediate dominance causing 
hemolytic anemia and neonatal jaundice (Beutler, 
1983; Viroj, 2005).

Deficiency of  G6PD enzyme in the red blood 
cells, under certain circumstances, may lead to an 
abnormal rupture of  the membrane of  red blood 
cell with resultant hemolytic anemia (Lukens and 
Glader, 1999). The enzyme for G6PD is known to 
play an active role in the survival of  erythrocytes. 
In pentose phosphate pathway of  erythrocyte, 
G6PD is an enzyme that is involved in the 
formation of  NADPH, which is useful in the 
generation of  reduced glutathione (GSH). GSH 
produced can then be used by red blood cells. 
Oxidative stress can be induced in erythrocyte 

whose G6PD enzymes are deficient. In this case, 
GSH is not produced and H O  is not reduced to 2 2

H O, leading to oxidative stress and hemolysis 2

(Williams et al., 2013).

The G6PD deficiency of  red blood cells is a health 
problem in developing countries, responsible for 
neonatal jaundice and, depending on the 
individual magnitude of  deficiency, chronic 
hemolytic anemia and hemolytic attacks after the 
ingestion of  certain oxidants (Luzzatto, 2010; 
Sutherland et al., 2010).  In epidemiological 
studies, it has been shown that the prevalence of  
G6PD deficiency is significantly related to malaria. 
Malaria is known as a parasitic disease that affects 
300-500 million people all over the world. It is 
widespread in tropical and subtropical regions of  
Asia, Africa and American continents (Williams et 
al., 2013).

Five different types of  Plasmodium species (P. 
falciparum, P. vivax, P. ovalae, P. malariae and P. 
knowlesi) are responsible for malaria by infecting 
erythrocytes (Bello et al., 2016). It can become a life-
threatening condition when it is not treated or 
when it occurred in anaemic patients. Each year, 
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malaria leads to deaths of  millions of  people all 
around the world and a large percentage of  deaths 
are reported in Sub-Saharan regions of  Africa. It 
has been reported that malaria and G6PD 
deficiency share the same geographic distribution 
(Haworth et al., 1988). It was shown that G6PD 
enzyme has various genetic variants and 
polymorphic frequencies. Highly polymorphic 
frequencies, which are indicators of  G6PD 
deficiency, are noticed in malaria-endemic regions 
such as Asia, Africa, Central and South America, 
while the rate decreases in non-endemic regions. 
This suggests the relationship between G6PD 
deficiency and malaria (Haworth et al., 1988; 
WHO, 2009). Therefore, the aim of  this study is to 
investigate the relationship between G6PD 
deficiency and malaria among patients attending 
teaching hospitals in Osogbo and Ogbomoso, 
southwestern Nigeria.  

METHODOLOGY
Study Area and Population: The cross 
sectional study was conducted among consenting 
333 (182 female and 151 male) patients with age 
range 0 – 52 years attending Ladoke Akintola 
University of  Technology Teaching Hospitals in 
Osogbo and Ogbomoso respectively. Osogbo and 
Ogbomoso are ancient cities of  approximately 
500,000 and 354,690 people respectively based on 
2006 census provisional results, located in the 
heart of  southwestern Nigeria. 

Ethical Clearance: Concept of  the study was 
duly explained to the subjects. Risks and benefits 
were also clearly stated and consent was duly 
signed. Ethical clearance and approval was 
obtained from Ethical Committee of  LAUTECH 
T e a c h i n g  H o s p i t a l  O s o g b o  
(LTH/EC/2015/10/230). All consenting 
patients that attended the teaching hospital 
without age biased were selected.

Microscopy: Thick films were prepared 
according to the method of  Chessbrough, (2002). 
Air-dried thick film was stained with 10% Giemsa 
solution for 15 minutes. Malaria parasites were 
examined using oil immersion lens objectives (x 
100) of  a high quality microscope with an 
incandescent light source. Parasitaemia was 
expressed as the number of  asexual forms of  P. 
falciparum per micro liter.

Methaemoglobin Reductase Test: Clean test 
tubes were arranged and labeled as test, normal, 
and deficient. Into the test tubes labeled test, 0.05 
ml of  sodium nitrite and 0.05 ml of  methylene 
blue reagents were dispensed. To the tubes labeled 
deficient, only 0.05 ml sodium nitrite was added 
and in the test tube labeled normal, no reagent was 
dispensed. One (1.0) ml of  the blood sample was 
then dispensed into all the tubes and mixed after 
which they were corked with cotton wool and 
incubated at 37 °C for 3 h. At the end of  the 
incubation, other three (3) clean test tubes were 
arranged and labeled as before (test, normal, 
deficient). Ten (10) ml of  distilled water was 
dispensed into each of  the test tubes. Then, 0.1ml 
of  the respective incubated sample was 
transferred into each of  the tubes accordingly. 
Colour change using spectrophotometer was 
observed and compared in the three test tubes 
(Cheesbrough, 2005). 

RESULTS
Out of  the 333 samples investigated, 283 (85%) 
samples were found to be negative for malaria 
parasite, while 50 (15%) were positive for malaria, 
which shows that the prevalence of  malaria in 
these sites is 15%. It was found that 34 (10.2%) 
were found positive for malaria parasite among 
the female and 16 (4.8%) among the male. This 
finding showed that there is significant difference 
between female and male in the malaria 
distribution at a p-value of  0.04 as shown in table 
1.

Distribution of  malaria parasite among different 
age group revealed that 6 (1.8%) of  children below 
one month were positive for malaria. It was 
observed that 8 (2.4%) of  participants within age 
1-15 years were malarial parasite positive. Among 
participants within 16-20 years of  age, 8 (2.4%) 
were positive for malaria. Occurrence of  10 
(3.0%) and 4 (1.2%) were observed in 21-36 years 
and 37-52 years respectively. However, 14 (4.2%) 
malarial parasite was found among the subjects 
within the age range >52 years. It was observed 
that there was a significant difference in the 
prevalence of  malaria parasite with respect to age 
at p-value of  (0.01) as shown in table 2.

The prevalence rate of  G6PD deficiency using 
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metheamoglobin reductase method was found to 
be 76 (22.8%). Distribution of  G6PD deficiency 
was observed to be 41 (12.3%) and 35 (10.5%) for 
male and female participants respectively. Overall, 
257 (77.2%) were found to have normal G6PD 
enzyme p-value (0.086), this showed that the 
relationship between G6PD deficiency and 
gender is not significant (p-value of  0.086) (Table 
3).

The prevalence rate of  G6PD deficiency compare 
with sex and age showed that 17 (5.1%) were 
deficient in the ≤ 1 year in which male has the 
highest frequency (11) compared to G6PD 
deficient female (6). Among the age range of  1-15 
years, the prevalence rate was observed to be 6 
(1.8%) where G6PD deficient males were four (4) 
and females were two (2). Prevalence rate of  10 
(18.5%) was observed in the age range of  16-20 
years. Within the age group of  16 – 20 years, males 
had the highest frequency (7) of  G6PD deficiency 
compared to frequency of  G6PD deficiency in 
females (3). It was observed in the age range 21-36 

years, there was 24 (31.6%) prevalence of  G6PD 
deficiency with highest frequency of  thirteen (13) 
in females while eleven (11) was obtained in male. 
In age group of  37-52 years, the prevalence rate of  
G6PD deficiency was 10 (3.0%), with seven (7) as 
frequency in females and three (3) in males. The 
prevalence rate of  G6PD deficiency drastically 
reduced in age range ≥ 52 years with value of  9 
(2.7%) in which six (6) was observed in males and 
three (3) in the female subjects as shown in figure 
1.

This study showed that 215 (64.8%) were found to 
have normal G6PD enzyme without malaria 
parasite. The overall prevalence of  malaria 
observed in our study was 15% (Table 1) It was 
found that 67 (20.2%) were G6PD deficient 
without malaria parasite. However, 8 (2.4%) were 
found to be positive for malaria parasite and 
G6PD deficient. Statistically, there is no 
relationship between G6PD deficiency and 
malaria infection (p-value = 0.227).

. 

Table 1: Prevalence of  Malaria Parasite based on Gender

 Negative  Positive  Total  df  X2  P-value

male  
Male  

148  (44.4%)  
135  (40.5%)  

34  (10.2%)  
16  (4.8%)  

182  (54.7%)         1  
151  (45.3%)  

4.228  0.040

Total  283  (85.0%)  50  (15.0%)  333  (100%)     

p-value = 0.04
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DISCUSSION
The prevalence of  malaria as observed in this 
study was 15% of  the total population 
investigated which is lower compared to the 
Nigeria Malaria Fact Sheet as reported by Nigeria 
Malaria Indicator Survey (NMIS, 2010) where 
50% was reported as prevalence especially in 
urban areas. The reason for the reduction in 
prevalence level could be as a result of  public 
awareness about malaria, distribution of  mosquito 
net and environmental sanitation (involving 
clearing of  bushes and cleaning of  drainages) as 
recommended by NMIS (NMIS, 2010; Bello et al., 
2016).

The prevalence rate of  malaria among the female 
subjects (10.2%) was higher compared to that of  
male (4.8%). The difference in the prevalence is 
statistically significant (p-value of  0.04) between 
male and female. It was found out that prevalence 
of  malaria was highest in the age range >52 years. 
This could be due to the fact that immune systems 
in individuals within this age range might be less 
efficient because of  ageing. This study showed 

that there is significant association between 
infection rate of  malaria and age (p = 0.01).

The prevalence of  G6PD deficiency was 22.8% in 
this present study which is similar to 19.5% 
prevalence of  G6PD deficiency reported by 
Akanni et al., (2010) in Osogbo among blood 
donors. In this study, prevalence of  G6PD 
deficiency was 12.3% among male subjects while 
that of  females was found to be 10.5%. This 
finding is similar to 26% among males and 20% 
among females as earlier reported (Luzzatto and 
Notaro, 2001; Ademowo and Falusi, 2002; Egesie 
et al., 2008). The higher occurrence observed 
among the male subjects may be due to the fact 
that G6PD gene is X – linked and therefore G6PD 
deficiency is an X-linked disorder. In this study, it 
was observed that out of  27 neonatal samples (≤ 
1year), 17 (5.1%) individuals were found to be 
G6PD deficient. The prevalence of  G6PD 
deficiency in this study was observed to be high 
among subjects within age range 16-20 years while 
the lowest prevalence occurred in age group of  1-
15 years which is within the nursing and early 

Table 2: Prevalence of  Malaria in Relationship with Age

Age range  Negative  Positive  df  X2  P-value

<1year  22  (6.6%)  6  (1.8%)    
1-15year  15  (4.5%)  8  (2.4%)    
16-20year  46  (13.8%)  8  (2.4%)  6  23.373  0.01  
21-36year  108  (32.4%)  10  (3.0%)    
37-52year  58  (17.4%)  4  (1.2%)    
>52years  34  (10.2%)  14  (4.2%)    
Total 283 (85.0%) 50 (15.0%)

Table 3: Prevalence of  G6PD Deficiency with Gender

 
Normal  Deficient  

 
df  

 
X2  

 
P-value

Female  147  (44.1%)  35  (10.5%)   
 

 
 

 

Male  110  (33.0%)  41  (12.3%)   
 

 
 

 
 

Total 257 (77.2%) 76 (22.8%) 1 2.940 0.086

Table 4: Relationship between G6PD and Malaria

Malaria parasite  Normal  Deficient  df  X2  P-value
Negative  215  (64.8%)  67  (20.2%)    
Positive

 
42

 
(84.9%)

 
8

 
(2.4%)

   Total 257 (77.4%) 75 (22.6%) 1 1.462 0.227
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adolescent age.

Nigeria is one of  the subtropical countries where 
malaria is endemic. This deficiency may reduce 
malaria occurrence because of  spontaneous 
decline and instability of  G6PD enzymatic 
activities and also preventing malaria parasite 
from completing its life cycle (Howes et al., 2012). 
However, this study showed there is no 
association (p-value = 0.227) between G6PD and 
malaria parasites. 

Correlating G6PD deficiency and the infection 
rate, it could be concluded that malaria parasite 
will be more active in G6PD deficient 
erythrocytes compare to G6PD normal 
erythrocytes. This was observed in our findings 
where it was found that 8 (2.4%) of  the subjects 
were found to be positive for malaria parasite and 
G6PD deficiency. The case fatality of  the malaria 
infection may increase especially where there is co-
occurrence of  G6PD deficiency and malaria 
infection because of  possibility of  G6PD 
deficiency causing abnormal rupture of  the red 
blood cell membrane with resultant hemolytic 
anemia. 

CONCLUSION
The observation in this study gave the indication 
that there was significant prevalence of  malaria 
among the female population. The occurrence of  
G6PD deficiency was high in male while the 
relationship between G6PD and malaria infection 
is not significant. This scenario can lead to high 
level of  anaemic condition especially whenever it 
co-occurs with malaria. Therefore there is need 
for the health workers handling cases of  malaria to 
take cognizance of  some patients that may be 
anaemic which will not only complicate the 
infection but possibly lead to unexpected death.
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