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Abstract: Glucose-6-phosphate dehydrogenase (G6PD) deficiency is one of the most common
human enzyme deficiencies in the world. It is particularly common in populations living in
malaria-endemic areas, affecting more than 400 million people worldwide. This present study
was conducted with the aim of determining the prevalence of G6PD deficiency among children
visiting the Emergency Paediatric Unit of Usmanu Danfodiyo University Teaching Hospital
for pediatric-related care. The study included 118 children, made up of 77 (65.3%) males and
41 (34.7%) females aged #5 years with mean age of 3.26 ± 1.90 years. Randox G6PD quantitative in vitro test screening was used for the diagnosis of G6PD deficiency. Of the 118 children
tested, 17 (14.4%) were G6PD-deficient. Prevalence of G6PD deficiency was concentrated
predominantly among male children (22.1%). Male sex was significantly correlated with G6PD
deficiency among the children studied (r = 7.85, P = 0.01). The highest prevalence occurred
among children in the 2- to 5-year age-group. Of the 17 G6PD-deficient children, twelve (70.2%)
were moderately deficient, while five (29.4%) were severely deficient. Blood film from G6PDdeficient children indicated the following morphological changes; Heinz bodies, schistocytes,
target cells, nucleated red cells, spherocytes, and polychromasia. This present study has shown
a high prevalence of G6PD deficiency among children residing in Sokoto in the northwestern
geopolitical zone of Nigeria. The study indicated a male sex bias in the prevalence of G6PD
deficiency among the children studied. There is a need for the routine screening of children for
G6PD deficiency in our environment, to allow for evidence-based management of these children
and to ensure the avoidance of food, drugs, and infective agents that can potentially predispose
these children to oxidative stress as well as diseases that deplete micronutrients that protect
against oxidative stress. There is need to build capacity in our setting among pediatricians to
ensure the effective management of children with G6PD deficiency.
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Glucose-6-phosphate dehydrogenase (G6PD) deficiency is the most common human
enzyme defect, being present in more than 400 million people worldwide.1 G6PD
deficiency is common in African patients with malaria, and G6PD status does not impact
baseline hemoglobin, parasitemia, or temperature, or the outcomes of antimalarial
therapy. During G6PD deficiency, the red cells are unable to regenerate reduced
nicotinamide adenine dinucleotide phosphate (NADPH), a reaction that is normally
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catalyzed by the G6PD enzyme. Since the X chromosome
carries the gene for G6PD enzyme, this deficiency mostly
affects males. The two major conditions associated with
G6PD deficiency are hemolytic anemias and neonatal
jaundice, which may result in neurological complications
and death. Screening and detection of G6PD deficiency helps
in reducing such episodes, through appropriate selection of
treatment, patient counseling, and abstinence from diseaseprecipitating drugs such as antimalarials and other agents.
G6PD is an enzyme present in the cytoplasm of all cells,
acting specifically in the maintenance of the integrity of the
erythrocytes, preventing the oxidation of hemoglobin and
other cellular proteins. In Nigeria, the prevalence of G6PD
deficiency ranges from 4% to 26%.2–4 A study by Akanni
et al in Oshogbo, Nigeria among 200 blood donors and
86 jaundiced neonates indicated G6PD deficiencies of 19.5%
and 47.7%, respectively.5 G6PD deficiency occurs most
frequently in individuals of African descent, with frequency
ranging from 3.6% to 28.0%. 6 In Asia, the deficiency
prevalence ranges from 6.0% to 15.8%.7,8 In India,9 it is
10.5%, and in the Middle East10,11 the prevalence varies from
3% to 29%. In Brazil, a few studies have found prevalences
between 1.7% and 6.0%.12–14
There is a paucity of data on G6PD deficiency among
children in the northwest geopolitical zone of Nigeria. The
clinical effect of G6PD deficiency in children in Sokoto
metropolis is unknown. There is a lack of local evidencebased data required for the management of children with
G6PD deficiency in the area. This study was specifically
aimed at determining the prevalence of G6PD deficiency
among children visiting the Emergency Pediatric Unit
of Usmanu Danfodiyo University Teaching Hospital for
pediatric-related care.

Materials and methods
Study design
This was a prospective case study designed to assess the
prevalence of G6PD deficiency among 118 children: made up
of 77 (65.3%) males and 41 (34.7%) females aged #5 years
(mean age 3.26 ± 1.90 years), who were consecutively
recruited from among children attending the Emergency
Paediatric Unit of Usmanu Danfodiyo University Teaching
Hospital for pediatric care between January to September
2011. No medical criteria were used to select the subjects.
Written informed consent was obtained from parents after
counseling. Parents of all participants were counseled and
those who consented (written informed consent) to their
children being part of the study were recruited. Ethical
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clearance was obtained from the ethical review board of
the Department of Haematology and Transfusion Medicine,
Usmanu Danfodiyo University, Sokoto, Nigeria.

Study area
This research was carried out at the Usmanu Danfodiyo
University Teaching Hospital in the cosmopolitan city of
Sokoto in northwestern Nigeria. The hospital is a 500bed tertiary health facility offering routine and specialist
pediatric care to children in the Sokoto metropolis and the
surrounding states of Kebbi and Zamfara. Sokoto State
is located in the extreme northwest of Nigeria, near the
confluence of the Sokoto River and the Rima River. With an
annual average temperature of 28.3°C (82.9°F), Sokoto is,
on the whole, a very hot area. However, maximum daytime
temperatures are generally under 40°C (104.0°F) for most
of the year. The warmest months are February to April, when
daytime temperatures can exceed 45°C (113.0°F). The rainy
season is from June to October, during which showers are
a daily occurrence. There are two major seasons, wet and
dry, which are distinct and are characterized by high and
low malarial transmission, respectively. A report from the
2007 National Population Commission indicated that the
state had a population of 3.6 million.15

Sample collection and methods
Three milliliters of whole blood was collected from each
study participants into S-Monovette (Sarstedt, Nümbrecht,
Germany) ethylenediaminetetraacetic acid (EDTA)-anticoagulated vacutainer tubes (2.7 mL). The EDTA-anticoagulated
blood was used for the screening of the subjects for G6PD
deficiency using the Randox G6PD quantitative in vitro test
(Randox Laboratories, Crumlin, UK). Its principle is based
on reduction of NADP+ by G6PD present in red blood cells.
The NADPH generated fluoresces under ultraviolet light at a
wave length of 340 nm. Enzyme activity was determined by
the rate of absorbance change. Red blood cell G6PD value of
$2.9 U/gHb was regarded as normal.16 Children with red blood
cell G6PD value of ,2.9 U/gHb were regarded as deficient,
while those with red blood cell G6PD value of ,1.6 U/gHb
were regarded as severely deficient. This assay is useful clinically in the diagnosis of G6PD deficiency in childhood. Blood
film was prepared using the push-wedge method and stained
using a Romanowsky stain (Leishman stain).

Statistical analysis
Statistical analyses were conducted using SPSS (version 11;
IBM, Armonk, NY, USA) software. Data were expressed as
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means ± standard deviation. Comparisons between G6PDdeficient and nondeficient children were made using Student’s
t-test for parametric data and the Mann–Whitney test for
nonparametric data. Descriptive analyses of percentages of
categorical variables were reported. An alpha value of ,0.05
denoted a statistically significant difference in all statistical
comparisons. Correlation was compared using a version of
linear regression analysis.

Results
This present study was conducted with the aim of determining
the prevalence of G6PD deficiency among children visiting the Emergency Paediatric Unit of Usmanu Danfodiyo
University Teaching Hospital for pediatric-related care.
The study included 118 children made up of 77 (50.9%)
males and 41 (34.8%) females aged #5 years with a mean
age of 3.26 ± 1.90 years. Table 1 shows the distribution of
G6PD deficiency based on sex of the children studied. The
Randox G6PD quantitative in vitro test was used for the
diagnosis of G6PD deficiency. Of the 118 children tested,
17 (14.4%) were G6PD-deficient. Prevalence of G6PD
deficiency was concentrated predominantly among male
children 17 (22.1%).
None of the female subjects was G6PD-deficient. Male
sex was significantly correlated with G6PD deficiency
among the children studied (r = 7.85, P = 0.01). The highest
prevalence occurred among children in the 2- to 5-year
age-group. Of the 17 G6PD-deficient children, twelve
(70.2%) were moderately deficient, while five (29.4%) were
severely deficient. Figure 1 shows the distribution of G6PD
deficiency based on age-groups. Blood film from G6PDdeficient children indicated the following morphological
changes; Heinz bodies, schistocytes, target cells, nucleated
red cells, spherocytes, and polychromasia. Figure 2 shows
a characteristic blood picture of one of the G6PD-deficient
subjects.
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Figure 1 Sex distribution of G6PD deficiency among subjects.
Abbreviation: G6PD, glucose-6-phosphate dehydrogenase.

is consistent with previous reports in Nigeria and other parts
of the world. In previous reports in Nigeria, the prevalence
of G6PD deficiency ranged from 4% to 26%.2–4 However,
a study by Akanni et al5 in Oshogbo, Nigeria among 200
blood donors and 86 jaundiced neonates indicated G6PD
deficiencies of 19.5% and 47.7%, respectively. African,
Middle Eastern, and South Asian people are affected the
most, along with those who are a mixed race with any of the
above. G6PD deficiency occurs most frequently in individuals
of African descent, with a frequency ranging from 3.6% to
28.0%.5,6 In Asia, the deficiency prevalence ranges from 6.0%
to 15.8%.7,8 In India, it is 10.5%,9 while in the Middle East
the prevalence varies from 3% to 29%.10,11 In Brazil, a few
studies have found prevalences between 1.7% and 6.0%.12–14
There may be several reasons for the high prevalence of
G6PD, particularly among children 2–5 years old in this
environment. There is a high incidence of malaria parasitemia
in our setting. G6PD deficiency is believed to offer protection
against the most deadly plasmodium – falciparum malaria.17

Discussion
G6PD deficiency is one of the most common human enzyme
deficiencies in the world. In this study, we observed a
prevalence of 14.4% among the children studied. Our finding
Table 1 Distribution of G6PD deficiency based on sex
Sex

Number (%)

Number (%) G6PD-deficient
(,2.9 U/gHb)

Male
Female
Total

77 (65.3)
41 (34.7)
118 (100.00)

17 (22.1)
0 (0.0)
17 (14.4)

Abbreviation: G6PD, glucose-6-phosphate dehydrogenase.
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Figure 2 A characteristic blood film from one of the glucose-6-phosphate
dehydrogenase-deficient children.
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A side effect of G6PD deficiency is that it confers protection
against malaria.18 One theory to explain this protection is that
cells infected with the Plasmodium parasite are cleared more
rapidly by the spleen. This phenomenon may be responsible
for the evolutionary advantage and fitness that G6PDH
deficiency carriers enjoy in malarial endemic environments.
High prevalence of hemoglobinopathies in our setting may
also be a predisposing factor for the increased prevalence
of G6PD deficiency. A number of epidemiological studies
have associated sickle-cell trait (SCT) or G6PD deficiency
with protection against malaria, in particular severe, lifethreatening malaria in its cerebral form. SCT and G6PD
deficiency are two common genetic conditions in sub-Saharan
Africa.19 G6PD is an enzyme that catalyzes the first step of
the pentose phosphate pathway and supports the production
of reduced glutathione, a major defense against oxidant stress
in red blood cells. A number of epidemiological studies have
associated SCT or G6PD deficiency with protection against
malaria, in particular severe, life-threatening malaria in its
cerebral form.20,21
G6PD deficiency is an X-linked condition associated
with damage to red blood cells and hemolysis in response
to a variety of exposures, including infection, ingestion
of fava beans, or exposure to certain chemicals or
medications. Drug-induced acute hemolytic anemia led to
the discovery of G6PD deficiency. A significant number
of foods (fava beans) and such medications as antimalarial
drugs (primaquine, chloroquine, and pamaquine), sulfonamides
(sulfanilamide, sulfamethoxazole, and mafenide), analgesics
(aspirin, phenazopyridine, and acetanilide), nonsulfa
antibiotics (nalidixic acid, nitrofurantoin, isoniazid, dapsone,
and furazolidone) that are commonly used in the management
of illnesses in our environment are potentially harmful to
people with G6PD deficiency.22–26
We observed a male-dominated prevalence of G6PD
deficiency. All the G6PD-deficient subjects were male. No
female subject studied was G6PD-deficient. G6PD deficiency
is one of the most common human enzyme deficiencies in
the world. During G6PD deficiency, the red cells are unable
to regenerate reduced NADPH, a reaction that is normally
catalyzed by the G6PD enzyme. G6PD deficiency is an
X-linked recessive hereditary disease characterized by abnormally low levels of G6PD. The deficiency is X-linked since
the X chromosome carries the gene for G6PD enzyme; this
deficiency mostly affects males. G6PD deficiency is inherited
from females who carry one copy of the causative gene on
one of their X chromosomes. Males who inherit the causative
gene from the mother have G6PD deficiency, while females
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who receive the gene are carriers (carrier females generally
do not show any characteristic symptoms). The deficiency
is rare in females because the mutation would have to occur
in both copies of the gene to cause the disorder, whereas
in males only one abnormal copy of the gene is required
for manifestation of the disease. This is consistent with
previous reports that indicated that the sex of the patient is
important and that males are at greater risk based on severity
compared to females.27–30 It is, however, at variance with a
previous report31 assessing the frequency of G6PD deficiency
in Sardinian patients with nonarteritic anterior ischemic
optic neuropathy, which indicated based on sex and G6PDdeficiency interaction that sex does not have any modifier
effect on G6PD deficiency. Also, another report32 among
children in Malaysia indicated that sex was not a significant
predictor associated with actual G6PD enzyme levels.
A significant number of subjects with G6PD deficiency
in this study were in the 2- to 3- and 4- to 5-year age-groups.
This finding re-emphasizes the need for the health ministry
in Nigeria to set up a national neonatal screening program
for presumptive screening of all neonates to facilitate the
identification and effective management of children with
G6PD deficiency. The screening program should be introduced in all tertiary hospitals in the major cities and then
gradually scaled up to cover institutional deliveries over the
entire country. Evidence from other nations indicates that
neonatal screening programs are vital to manage the public
health burden of G6PD in a population. Neonatal screening
programs for the condition have the potential to increase
parental and caretaker awareness, thereby facilitating early
access to treatment, with resultant diminished mortality
and morbidity.33–36 Evidence-based management of G6PD
should include the prevention or avoidance of the drugs and
foods that predispose patients to hemolysis, protective vaccination (hepatitis A and B), provision of safe and adequate
units of red cell transfusion to manage acute hemolysis in
acutely affected children, and provision of effective dialysis
services to treat acute renal failure. Splenectomy may also be
an option and may be beneficial in some children, as well as
supplementation with such antioxidant drugs as vitamin E,
selenium, and folic acid.

Conclusion
This study has shown a high prevalence of G6PD deficiency
among children residing in Sokoto in northwestern Nigeria.
Findings indicated a male-sex bias in the prevalence of G6PD
deficiency among the children studied. There is a need for
the routine screening of children for G6PD deficiency in
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our environment to allow for evidence-based management
of these children, to ensure the avoidance of food and substances that can potentially predispose them to oxidative
stress, as well as other diseases that deplete micronutrients
that protect against oxidative stress. There is also a need
to offer protective vaccination against hepatitis A and B to
affected children against infection-induced attacks. There
is also a need to build capacity among pediatricians in our
setting to ensure the effective management of children with
G6PD deficiency.
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