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Abstract

Background: Glucose-6-phosphate dehydrogenase (G6PD) is cytosolic enzyme, which has a vital role for the integ-
rity and functioning of red blood cells. Lower activity of this enzyme leads to the occurrence of acute haemolytic
anaemia after exposure to oxidative stressors like primaquine. Primaquine is an important drug for the radical cure
of Plasmodium vivax and blocking transmission of Plasmodium falciparum, and thereby enhancing malaria elimina-
tion. However, there is a need to identify G6PD deficient individuals and administer the drug with caution due to its
haemolytic side effects. The main objective of this study is to determine the prevalence of G6PD deficiency among
malaria-suspected individuals.

Methods: A facility-based cross-sectional study was conducted from September 2020 to September 2021 in Mete-
hara Health Centre, Eastern Ethiopia. A structured questionnaire was used to collect the socio-demographic and
clinical information of the study participants. Capillary and venous blood samples were collected based on standard
procedures for onsite screening, dried blood spot preparation, and malaria microscopy. The G6PD enzyme activity
was measured by careSTART ™ G6PD biosensor analyzer. Data was entered and analysed by SPSS.

Results: A total of 498 study participants were included in the study, of which 62% (309) were males. The overall
prevalence of G6PD deficiency based on the biosensor screening was 3.6% (18/498), of which 2.9% and 4.8% were
males and females, respectively. Eleven of the G6PD deficient samples had mutations confirmed by G6PD gene
sequencing analysis. Mutations were detected in G267 + 119C/T, A376T, and ChrX:154535443. A significant associa-
tion was found in sex and history of previous malaria infection with G6PD deficiency.

Conclusions: The study showed that the G6PD deficient phenotype exists in Metehara even if the prevalence is not
very high. G267 + 119C/T mutation is the predominant G6PD variant in this area. Therefore, malaria patient treatment
using primaquine should be monitored closely for any adverse effects.

*Correspondence: tassewtefera@gmail.com

! Department of Medical Laboratory Sciences, Debre Berhan University, Debre
Berhan, Ethiopia
Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0003-0281-0456
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12936-022-04269-5&domain=pdf

Shenkutie et al. Malaria Journal (2022) 21:260

Page 2 of 10

Keywords: Glucose-6-phosphate dehydrogenase, Plasmodium vivax, Plasmodium falciparum, Primaquine, Metehara,

Ethiopia

Background

Glucose-6-phosphate dehydrogenase (G6PD) is a house-
keeping enzyme for all cells and particularly impor-
tant for the integrity and functioning of red blood cells
(RBCs). It catalyzes the production of nicotinamide ade-
nine dinucleotide phosphate (NADPH) and provides the
cell reduced form of glutathione, thus glutathione helps
the erythrocytes to survive oxidative stress [1-4]. Glu-
cose-6-phosphate dehydrogenase deficiency (G6PDd) is
an X-linked genetic disorder caused by mutations in the
G6PD gene on X-chromosome (Xq28) [2]. The X-linkage
results in G6PDd of hemizygous males and homozy-
gous females, while heterozygous females acquire two
groups of RBCs with either normal or deficient G6PD
activities [5, 6]. The mutations of G6PD gene results in
protein variants with different levels of enzyme activity
that are associated with a wide range of biochemical and
clinical phenotypes. More than 200 mutations are identi-
fied and recognized as a cause of G6PDd, which affects
over 400 million people worldwide [7-10]. According
to World Health Organization (WHO) estimation, 7.5%
of the world population are carriers of G6PDd and 2.9%
are G6PD deficient. Although most variants have only
slightly subnormal RBC survival, the Mediterranean vari-
ant renders the cells highly susceptible to oxidative stress
[11].

Individuals with G6PDd could present a spectrum of
disorders including atherosclerosis, cardiovascular dis-
ease [12], neonatal jaundice, acute massive haemolysis,
renal failure, and chronic haemolytic anaemia induced
by exposure to certain drugs, infections, fava beans,
chemicals, and herbal medicines [10]. The 8-aminoqui-
nolines, primaquine (PQ) and tafenoquine (TQ) have
similar activities against the pre-erythrocyte stages of
Plasmodium species in the liver [13, 14]. Both PQ and
TQ metabolites can oxidize haemoglobin and generate
excessive reactive oxygen species that can cause lethal
acute haemolytic anaemia (AHA) in malaria patients with
inherited G6PDd [15]. Patients having 30% or below of
the normal G6PD activities are vulnerable to primaquine
induced haemolysis when an increased dose (30 mg) of
primaquine is used daily for shorter period [16]. The
clinical dilemma associated with G6PDd and 8-amino-
quinolines urges the health providers to either prescribe
primaquine therapy with risk of acute haemolytic anae-
mia or withhold therapy with risk of advanced clinical
symptoms and onward transmission initiated by Plasmo-
dium vivax patients [17]. According to previous studies,

the prevalence of G6PDd in Ethiopia nationally was
8.9% for G6PD A+ [18] and 23.26% in Southern Ethio-
pia [19]. The most common G6PD mutations detected in
Ethiopia were G6PDA +, G6PDA-, G267+ 119C/T and
ChrX:154535443 [20].

To achieve the goal of malaria elimination, anti-malar-
ial drugs that block transmission by killing gametocytes
and reducing the liver stage hypnozoites of P vivax are
vital [16]. PQ is the only licensed drug that eradicate the
gametocyte stages of all Plasmodium species and hyp-
nozoites stages of P. vivax in infected hosts [20, 21]. A
cohort study in Papua New Guinea indicates that 80%
of P vivax infections occurs by activating the incuba-
tion period of liver stage rather than new infections [22].
The WHO recommends mass screening of the popula-
tion in regions where the prevalence of G6PDd is more
than 3-5% before the administration of primaquine for
elimination purpose [23, 24]. Before 1990, primaquine
was used in Ethiopia for over a quarter of a century until
it was removed from malaria treatment regimen, even
though with no documented evidence of adverse effects.
Currently, it has been re-incorporated into the treatment
policy and targets the sexual and liver stages of Plasmo-
dium species in malaria elimination strategy [21, 25].

Although the Metehara district is known to have an
increased prevalence of malaria infection, there is limited
information about the distribution of G6PDd. Therefore,
this study aims to determine the prevalence of G6PDd
and genotype of G6PD in the Metehara district of Ethio-
pia. Information of G6PDd in the population will scale-
up the use of primaquine that can contribute to timely
and successful elimination of malaria from the country.

Methods

Study design and sample collection

This study was conducted in Metehara Health Centre,
Eastern Ethiopia. Metehara is an administrative town in
Fentale Woreda, which is in the Great Rift Valley about
210 km east of the capital city, Addis Ababa (latitude and
longitude coordinate: 8°540 N/39°550 E; average eleva-
tion is 947 m above sea level). Basaka lake and Awash
river are major water bodies in the study area. Irrigation
plantation activity that uses the nearby water sources for
the industrial farming of sugar cane is suitable breed-
ing site for Anopheles mosquitoes. The spread of malaria
occurs all year round in this area, with the highest trans-
mission season from September to November as well
as from March to May [26]. The town has a population
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of 39,585 (19,397 male and 20,188 female) and there is
one primary hospital and one government health centre
(information from the Metehara town administration
office, 2020). The 2019/2020 EFY report revealed that a
total of 2,544 malaria cases diagnosed in Metehara town,
of which Plasmodium falciparum and P. vivax accounted
for 1809 (71%) and 735 (29%) of the total cases, respec-
tively (information from the Metehara town administra-
tion health office). Individuals who visited the Metehara
health centre with malaria clinical symptoms including
fever, headache, fatigue, muscle and joint pain, chills,
perspiration, and anorexia were recruited in a facility-
based cross-sectional study from September 2020 to
September 2021. Structured questionnaire was used to
obtain socio-demographic and clinical information of all
study participants.

A total of 498 study participants were selected using
a quota sampling method during the study period. Indi-
viduals who came to the health facility for malaria diag-
nosis with at least two malaria symptoms were asked
for consent/assent to participate in the study. Capillary
and venous blood collection was performed by trained
and experienced professionals [27, 28]. DBS samples
were collected (Whatman, Maidstone, UK) and stored
at — 20 °C freezer [21]. Malaria microscopy and malaria
diagnosis using carestart' malaria Pf/Pv (HRP2/pLDH)
Ag combo RDT method were conducted at the study
sites. All Giemsa stained slides were confirmed for its
accuracy by a senior experienced microscopist.

G6PD phenotype measurement and G6PD genotyping

Measurement of G6PD activity, Hb, G6PD/Hb ratio was
done using careSTART" G6PD biosensor (Access Bio,
Seoul, Korea) following the manufacturer’s instruction
for 498 clinical samples. The careSTART"" G6PD biosen-
sor had variable performances: for samples with>60%
G6PD enzyme activity, sensitivity and specificity
range from 53.7-100% and 64.9-98%; and for samples
with<30% G6PD enzyme activity, sensitivity and speci-
ficity range from 5.9-100% and 91.7-100%, respectively,
against the standard quantitative G6PD enzyme activity
test [29-33]. Briefly, for each sample, a G6PD test strip
with two drops (20-30 pl) of finger-prick whole blood
was inserted inside the biosensor at room temperature.
The biosensor simultaneously indicates both the hae-
moglobin and G6PD readings within four minutes and
was recorded automatically. A blank control was used
to calibrate the G6PD biosensor to ensure the reading
was zero before the next sample measurement. G6PD
enzyme level was normalized by the concentration of
haemoglobin (i.e. unit of G6PD enzyme per gram of hae-
moglobin, U/g Hb). The adjusted male median (AMM)
G6PD activity, defined as the median G6PD activity of
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all male participants after excluding samples with less
than 10% of the overall median activity, was calculated.
For male study participants, G6PD deficient with <30%
of the AMM activity and G6PD normal with>30% of
the AMM activity. For female study participants, G6PD
activity < 30%, 30-80%, and>80% of the AMM activity
are considered as G6PD deficient, intermediate, and nor-
mal, respectively [20, 34, 35]. Three PCR assays were con-
ducted to determine the G6PD gene mutations of exon
4-11. G6PD genotyping was conducted following the
protocol previously described [21] [20].

Data analyses

All socio-demographic and clinical data was analysed
using SPSS version-26. Mean, median, and standard
deviation were computed for quantitative data. The rela-
tive contribution of independent variables for the out-
come variables was assessed using logistic regression. A
p-value of less than 0.05 was considered as significant
association between G6PDd and each contributing factor
(see Additional files 1, 2, 3, 4).

Results

Socio-demographic and clinical characteristics

Among the 498 study participants who have signs
and symptoms of malaria 62% were male and 88.4%
were > 15 years (Table 1). The mean age of the study par-
ticipants was 27.1 +12.8 years with a range of 4-75 years
old. Among malaria suspected patients visiting Metehara
Health Centre, 52% (259) were negative for all malaria
species, 34.6% (172) were positive for P, falciparum, 9.2%
(46) were positive for P vivax, and 4.2% (21) were posi-
tive for both P. falciparum and P. vivax infections. More
than half of the respondents had no history of previous
malaria infection. Most of the study participants devel-
oped at least two clinical malaria symptoms, with head-
ache and muscle/joint pain accounts 98.6% (491) and
90.4% (450), respectively (Table 1).

Prevalence of G6PD deficiency and association

with socio-demographic and clinical factors

Based on the adjusted male median (AMM) G6PD activ-
ity (6.9 U/g Hb), G6PD activities < 2.07 U/g Hb, 2.07-5.52
u/g Hb, and >5.52 U/g Hb were indicated as G6PD defi-
cient, intermediate, and normal, respectively. G6PD
activities ranged from 0.2 to 17.9 U/g Hb in males and
0.2-22.3 U/g Hb in females (Fig. 1). The overall preva-
lence of G6PD deficiency was 3.6% (18/498), i.e., 2.9%
(9/309) among males and 4.8% (9/189) among females.
In addition, 66.7% (12/18) of G6PD deficient individuals
were malaria positive. The females that showed inter-
mediate (30-80% of AMM) G6PD activity were 11.2%
(56/498) (Fig. 2).
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Table 1 Socio-demographic information and malaria symptoms of the study participants and its association with G6PD status,
Metehara Health Center, Eastern Ethiopia, September 2020 to September 2021

Variables G6PD status Total
N (%)
Normal, n (%) Intermediate, n (%) Deficient, n (%)

Sex

Male 300 (97.1) NA 9(2.9) 309(62.0)

Female 124 (65.6) 56 (29.6) 948 189 (38.0)
Age group (years)

<5 3(100) 0 0 3(06)

6-14 51(92.7) 3(5.5) . 55(11.0)

>15 370 (84.1) 53(12.0) 17 (3.9) 440 (88.4)
Residence

Urban 282 (82.9) 46 (13.5) 12 (3.5) 340 (68.3)

Rural 142 (89.9) 10(6.3) 6(3.8 158 (31.7)
History of malaria infection?

No 261 (84.2) 43(13.9) 6(1.9) 310(62.2)

Yes 163 (86.7) 13(6.9) 12 (6.4) 188 (37.8)
Malaria status

Negative 214 (82.6) 39(15.1) 6023 259 (52.0)

Positive 210(87.9) 17(7.1) 12 (5.0) 239 (48.0)
Headache

No 5(71.4) 1(14.3) 1(14.3) 7(14)

Yes 419 (85.3) 55(11.2) 17 (3.5) 491 (98.6)
Fatigue

No 123 (87.2) 13(9.2) 141 (28.3)

Yes 301 (84.3) 43(12.0) 13 (3.6 358(71.7)
Muscle and joint pain

No 40 (83.3) 6(12.5) 48 (9.6)

Yes 384 (85.3) 50(11.1) 16 ( 450 (90.4)
Chills

No 216 (85.4) 29 (11.5) 8(3.2) 253 (50.8)

Yes 208 (84.9) 27 (11.0) 10 (4 245 (49.2)
Perspiration

No 224 (83.6) 36 (13.4) 268 (53.8)

Yes 200 (87.0) 20(8.7) 10 230 (46.2)
Anorexia

No 354 (85.7) 44.(10.7) 153 413 (82.9)

Yes 70 (82.4) 12 (14.1) 85(17.1)

Multivariate analysis result showed significant G6PD mutations

association of G6PD deficiency with sex, where
females were three times more affected by G6PD
deficiency than males (AOR=3.0, 95% CI 1.1-8.6,
p-value=0.032). Similarly, Individuals with previous
history of Plasmodium infection were more likely to
be G6PD deficient than those who were not previously
infected with malaria (AOR=4.0, 95% CI 1.2-12.7,
p-value=0.02) (Table 2).

A total of 17 DBS samples that were G6PD deficient (16)
and intermediate (01) based on phenotypic measure-
ment were sequenced for the G6PD gene exons 4—11.
G6PD gene mutations were detected in 64.7% (11/17) of
the samples. The G267 4+ 119C/T, GC was the most com-
mon mutation detected in the study population. From
the 11 mutations, nine of them were single base sub-
stitution and the two [376, AT and ChrX: 154535443,
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Fig. 1 The G6PD enzyme activity distribution using careSTART"™ G6PD biosensor assay among male and female study participants in Metehara
Health Center, Ethiopia, 2021
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Fig. 2 The proportion of patients with G6PD deficient (< 2.07 u/g Hb), intermediate (2.07-5.52 u/g Hb) and normal activities (>5.52 u/g Hb) in
Metehara Health Center, Eastern Ethiopia, from September 2020 to September 2021
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Table 2 Association between G6PD deficiency with different socio-demographic factors and clinical factors, Metehara Health Center,

Eastern Ethiopia, September 2020 to September 2021

Characteristics G6PDd status COR (95% CI) p-value AOR (95% Cl) p-value
Deficient Normal

Sex

Male 300 1* 1%

Female 180 1.7 (0.68-4.3) 0.29 3.0(1.1-86) 0.032
Age group (years)

>15 16 423 1% 1*

6-14 1 54 049 (0.06-3.8) 049 0.44(0.06-3.5) 044

<5 1 3 8.8 (0.87-89.4) 0.07 35 (2.6-471) 0.007
Residence

Urban 12 328 1% 1%

Rural 6 152 1.08 (04-2.93) 0.88 0.9(0.32-2.6) 0.88
History of malaria infection

No 304 1* 1*

Yes 12 176 35(1.27-94) 0.015 4001.2-12.7) 0.02
Malaria status

Negative 6 253 1% 1

Positive 12 227 2.23(0.82-6.0) 0.12 24(0.73-7.7) 0.15

* Statistical reference

GC] were polymorphic with G267+ 119C/T, GC muta-
tion. Therefore, chX: 154535443 may have very limited
impact on G6PD enzymatic activity, whereas the role of
G267+ 119C/T requires further assessment. The pre-
dominant single mutation G267+ 119C/T was detected
among 36.4% of male and 63.6% of female phenotypically
G6PDd individuals. It was detected in 63.6% and 36.4%

of malaria positive and malaria negative phenotypically
G6PDd individuals, respectively (Table 3).

Discussion

In this study, phenotypic analysis of G6PD enzyme
activity indicated that 3.6% (18/498) of the study par-
ticipants had <30% enzyme activity of the AMM, which
is stated as G6PD deficiency; and 56 female patients

Table 3 Distribution of G6PD deficiency genetic variants with respect to sex, age group and malaria status of the study population,
Metehara Health Center, Eastern Ethiopia, from September 2020 to September 2021

Characteristics G6PD genotype
G267 +119C/T A376T ChrX: 154535443
Wild type (%) Mutant GC (%) Wild type Mutant Wild type (%) Mutant GC (%)
(%) AT
Sex
Male 1(333) (36.4) 4 (40) 0 417 0
Female 2(66.7) 7 (63.6) 6 (60) 1 8(58.3) 1(100)
Malaria status
Positive 1(333) 7(63.6) 7(70) 0 8(583) 0
Negative 2(66.7) 4(364) 3(30) 1 5@ 1(100)
Age group (years)
<5 109 1(10) 0 (7.7) 0
5-14 1(09) 1(10) 0 (7.7) 0
>15 3(100) 9(82) 8(80) 1 11 (84.6) 1(100)
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had intermediate G6PD enzyme activity (30-80%) of
AMM with heterozygous gene mutation. The G6PDd
was slightly higher in females (4.8%) than males (2.8%).
This result contradicts the assumption that females are
anticipated to be less likely affected with G6PDd given
the G6PD gene is located on the X-chromosomes. Males
are hemizygous with only one copy of G6PD gene on
X-chromosome, and thus can be either normal or G6PD
deficient. By contrast, females have two copies of the
G6PD gene on each X-chromosome, which can result in
either homozygous normal, heterozygous intermediate,
or homozygous deficient enzyme level [2]. Nguetse et al.
[36] showed that 22% of males’ children are G6PDA-
deficient while only 3% of females are G6PDA- deficient.
The prevalence of G6PDd found in this study was slightly
lower than a previous study conducted in seven sites of
Ethiopia, which reported 5.4% (10/184) in males and 5.2%
(7/136) in females [20] as G6PDd. Compared to other
African countries such as Ghana, Gabon, and Kenya
[36] with a G6PDd of 13% (36/278), this study revealed
relatively lower G6PDd. The present finding is also lower
than 7.3% (33/449) reported in Gambella, Southwest
Ethiopia (8.6% in males and 6.3% in females) [37] and
nation-wise (8.9% G6PDd) [18]. Nevertheless, the G6PDd
in Metehara was higher than Jimma [38] and the commu-
nity-based study in other parts of Ethiopia that showed
relatively low levels of G6PD deficiency [21].

The X-linked nature of G6PD deficiency offers an
advantage for female to be less likely affected by this
enzyme disorder. The higher prevalence of G6PD defi-
ciency observed among females compared to males in
this study could be due to the less optimal performance
of the G6PD biosensor, which merits further validation
using spectrophotometric method. G6PD enzyme activ-
ity varies among nations, regions, and even local ethnic
groups. The prevalence of G6PDd was slightly higher
among Nuers (14.3%) and Anuak (12.0%) compared to
the highlanders in Gambella region with no observed
deficiency [37]. Malaria infection might impose selection
for G6PD genetic mutation that results in higher preva-
lence of G6PDd in malaria endemic than non-endemic
areas [21]. Metehara is one of the malaria endemic
areas in Ethiopia with seasonal transmission where we
observed higher G6PDd prevalence than previous com-
munity-based studies in different settings but lower than
similar studies in stable endemic areas like Gambella [37].

Although G6PD deficiency was postulated to have a
protective effect against malaria infection, G6PD defi-
cient individuals can still be infected with Plasmodium
species [39, 40]. In this study, 66.7% (12/18) of G6PD
deficient individuals were malaria positive. Similar study
in Upper Myanmar showed that among 50 malaria
patients with G6PD variants, 25 (50.0%), 17 (34.0%),
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and 8 (16.0%) were infected with P. falciparum, P. vivax,
and co-infections with both P falciparum and P. vivax,
respectively [41]. G6PDd was significantly higher in the
malaria positive patients than malaria negative patients
[37]. Malaria infections showed marginal but not statis-
tically significant association with G6PDd, while sex and
history of malaria infection were significantly associated
with G6PDd. The prevalence of G6PDd among females
was three times higher than in males and was four times
higher in previously malaria infected patients than those
without previous infection. While the prevalence of
G6PDd was higher in males than females in Gambella
Hospital, Ethiopia [37], no significant association of
G6PDd with sex and malaria infection was found broadly
across Ethiopia [20]. This variation in associations of
independent factors with the prevalence of G6PDd might
be due to medical status of the study participants. It is
important to note that this study included only partici-
pants with malaria sign and symptoms. Variations in host
immune responses and other medical conditions among
the study patients may influence the prevalence of G6PD
deficiency.

Based on molecular sequencing, mutations were
detected in G267+119C/T, A376T and ChrX:
154535443 with G267 +119C/T being most prevalent.
Although previous studies in Ethiopia reported the pres-
ence of A376G, G202A, C563T, G1116A and 485+ 37,
these mutations were not identified in this study. Con-
trary to this study, 13% of the study participants showed
G6PDA- (G202A) genotype in Brazzaville, Republic of
Congo [11], 12.5% (39/311) depicted G6PDA + (A376QG)
in Eritrea [42]. Several studies in different localities of
Ethiopia showed that G6PDA +(A376G) was the only
mutation observed in 8.9% of the studied population [18],
and 23.26% (20/86) G6PDA + mutations were detected
in Southwestern Ethiopia [19]. The G202A mutation
was also detected in 3.5% of the individuals [21] and in
another study, G6PDA + mutation was detected in 6.1%
(21/344) of individuals, G267+ 119C/T and G1116A
mutations in 1.2% (4) and 1.2% (4) individuals, respec-
tively [20]. No mutation was detected in Shewa Robit
[20]. In the Oromia region, out of the 34 low enzyme
activity samples, only one G6PDA+and one G445A
mutations were identified [38].

Previous studies found only few variants such
as G6PDA+in different parts of Ethiopia [18, 20],
G267 +119C/T and G1116A in the southern parts of the
county [19, 20], and one mutation at position 445GA in
Jimma [38]. This study identified a new genotype, A376T
mutation, in addition to those others previously docu-
mented. The A376T mutation represents the substitution
of adenine by thyamine, resulting in amino acid replace-
ment of 126 Asn with Tyr. While this mutation is new to



Shenkutie et al. Malaria Journal (2022) 21:260

Ethiopia, it was previously found in Mexico [43]. There
were six samples with no detected mutations despite
showing low enzyme activities. In another study, one
sample with low G6PD enzyme activity had no G6PD
mutation [20]. It is possible that the mutations observed
in A376G, G267+ 119C/T, and G1116A were not asso-
ciated with low G6PD activity [20]. The occurrence of
new genetic variants in such a small-scale study implies
the need of a large scale G6PDd epidemiological survey
to characterize the full array of G6PD genetic variants
across the country as well as the functional significance
of the variants. The low performance of the careSTART
G6PD biosensor may also explain samples of low enzyme
activity but with no observed gene mutations. Future
analysis of G6PD enzyme activity by the careSTART
G6PD biosensor would require validation using spec-
trophotometric method. Molecular sequencing of the
G6PD enzyme would need to be done for all phenotypi-
cally G6PD normal and intermediate samples to investi-
gate thoroughly the phenotype and genotype association.
The lack of association of G6PD enzyme activities with
respective genotypes advocates the need for further veri-
fication with genome-wide association testing and large
sample size.

Conclusion

The prevalence of G6PD deficiency is low in the Mete-
hara district based on phenotypic measurement. Such
prevalence was significantly associated with sex and pre-
vious malaria infection history. G267+ 119C/T was the
predominant genetic variant detected among the study
participants. Thus, it is recommended to treat malaria
patients with primaquine under close supervision and
cautious follow-up for any haemolytic complications in
the Metehara district. The presence of the new muta-
tion in Ethiopia offer insights into the presence of vari-
ous G6PD genetic variants in the country. Future study
should aim for national-wide epidemiologic study of
G6PD deficiency in Ethiopia.
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dehydrogenase deficiency; NADPH: Nicotinamide adenine dinucleotide phos-
phate; RBCs: Red blood cells; PQ: Primaquine; TQ: Tafenoquine; AMM: Adjusted
male median; AMM: Adjusted male median, the median of all G6PD enzyme
activity of male study participants by excluding values < 10% of the median of
the whole participants; Deficient: The G6PD enzyme activity of both male and
female study participants which is less than 30% of AMM; Intermediate: The
G6PD enzyme activity of female study participants which are between 30 and
80% of the AMM; Non-deficient: The G6PD enzyme activity which are greater
than 30% of AMM for male study participants and greater than 80% of AMM
for female study participants; History of malaria infection: A person who had
ever been infected with malaria in the previous time of his life.

Page 8 of 10

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512936-022-04269-5.

Additional file 1: Information sheet.
Additional file 2: Consent and assent.
Additional file 3: Questionnaire.

Additional file 4: Laboratory procedures.

Acknowledgements

We thank the Metehara Health Centre laboratory staffs for helping us in sam-
ple collection and preliminary laboratory work; Adama malaria centre expert
microscopists for re-checking microscopic slides; Addis Ababa University,
Ethiopian Public Health Institute, University of North Carolina at Charlotte, and
Access Bio-Ethiopia for material, intellectual, financial, and technical support.
Finally, we appreciate the cooperation of the participants for their willingness
to provide sample and information for this study.

Author contributions

TTS, SMF and TK proposed and designed the study; TTS, MTN, AA and DN
collected sample and perform preliminary laboratory tests; DK, LW and EL
performed molecular laboratory test; TTS, TK, AH, SMF, DN, SGG and EL wrote
the paper and analysed the data. All authors read and approved the final
manuscript.

Funding

Financial support was received from AAU, EPHI, UNC and Access Bio-Ethiopia
in cooperation. The contents of the manuscript is the sole responsibility of the
authors.

Availability of data and materials
The data produced in the study is included in the main manuscript and the
rest are available upon reasonable request from the corresponding author.

Declarations

Ethics approval and consent to participate

The study was approved by the institutional review board (IRB) of Addis Ababa
University and the IRB of EPHI. The purpose of the study was explained and
written informed consent was obtained from each study participants. Partici-
pants with malaria infection were treated immediately based on the national
malaria treatment guideline free of charge in the study facility. All personal
information was kept confidential.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Medical Laboratory Sciences, Debre Berhan University, Debre
Berhan, Ethiopia. 2Department of Microbiology, Immunology and Parasitol-
ogy, Addis Ababa University, Addis Ababa, Ethiopia. 3Bacterial, Parasitic,

and Zoonotic Diseases Research Directorate, Ethiopian Public Health Institute,
Addis Ababa, Ethiopia. “National Data Management Centre for Health, Ethio-
pian Public Health Institute, Addis Ababa, Ethiopia. >Department of Biological
Sciences, University of North Carolina, Charlotte, NC, USA. 5School of Data
Science, University of North Carolina at Charlotte, Charlotte, NC, USA. ’Depart-
ment of Medical Laboratory Sciences, Wollo University, Dessie, Ethiopia.

Received: 11 January 2022 Accepted: 17 August 2022
Published online: 08 September 2022


https://doi.org/10.1186/s12936-022-04269-5
https://doi.org/10.1186/s12936-022-04269-5

Shenkutie et al. Malaria Journal

(2022) 21:260

References

1.

20.

21.

Nkhoma ET, Poole C, Vannappagari V, Hall SA, Beutler E. The global preva-
lence of glucose-6-phosphate dehydrogenase deficiency: a systematic
review and meta-analysis. Blood Cells Mol Dis. 2009;42:267-78.
Cappellini MD, Fiorelli G. Glucose-6-phosphate dehydrogenase defi-
ciency. Lancet. 2008,371:64-74.

Bharti RS, Vashisht K, Ahmed N, Nayak A, Pande V, Mishra N. First report
of glucose-6-phosphate dehydrogenase (G6PD) variants (Mahidol and
Acores) from malaria-endemic regions of northeast India and their func-
tional evaluations in silico. Acta Trop. 2020;202: 105252.

Peters AL, van Noorden CJ. Single cell cytochemistry illustrated by the
demonstration of glucose-6-phosphate dehydrogenase deficiency in
erythrocytes. Methods Mol Biol. 2017;1560:3-13.

Valencia SH, Ocampo ID, Arce-Plata MI, Recht J, Arévalo-Herrera M.
Glucose-6-phosphate dehydrogenase deficiency prevalence and genetic
variants in malaria endemic areas of Colombia. Malar J. 2016;15:291.
Manganelli G, Masullo U, Passarelli S, Filosa S. Glucose-6-phosphate dehy-
drogenase deficiency: disadvantages and possible benefits. Cardiovasc
Hematol Disord Drug Targets. 2013;13:73-82.

LiQ Yang F, Liu R, Luo L, Yang Y, Zhang L, et al. Prevalence and molecular
characterization of glucose-6-phosphate dehydrogenase deficiency at
the China-Myanmar border. PLoS ONE. 2015;10: €0134593.

Ouattara AK, Yameogo P, Diarra B, Obiri-Yeboah D, Yonli A, Compaore TR,
et al. Molecular heterogeneity of glucose-6-phosphate dehydrogenase
deficiency in Burkina Faso: G-6-PD betica selma and santamaria in people
with symptomatic malaria in Ouagadougou. Mediterr J Hematol Infect
Dis. 2016;8: €2016029.

Francis RO, Jhang JS, Pham HP, Hod EA, Zimring JC, Spitalnik SL. Glucose-
6-phosphate dehydrogenase deficiency in transfusion medicine: the
unknown risks. Vox Sang. 2013;105:271-82.

Gunawardena S, Kapilananda G, Samarakoon D, Maddevithana S,
Wijesundera S, Goonaratne LV, et al. Prevalence of G6PD deficiency in
selected populations from two previously high malaria endemic areas of
Sri Lanka. PLoS ONE. 2017;12: €0171208.

. Gueye NSG, Peko SM, Nderu D, Koukouikila-Koussounda F, Vouvoungui

C, Kobawila SC, et al. An update on glucose-6-phosphate dehydroge-
nase deficiency in children from Brazzaville, Republic of Congo. Malar J.
2019;18:57.

Thomas JE, Kang S, Wyatt CJ, Kim FS, Mangelsdorff AD, Weigel FK.
Glucose-6-Phosphate dehydrogenase deficiency is associated with cardi-
ovascular disease in US Military centers. Tex Heart Inst J. 2018;45:144-50.
Ahmad SS, Rahi M, Sharma A. Relapses of Plasmodium vivax malaria
threaten disease elimination: time to deploy tafenoquine in India? BMJ
Glob Health. 2021;6: €004558.

CuiY, Zhang L, Xia Z, Zhou H, Huang F. Epidemiological characterization
of imported recurrent Plasmodium vivax and Plasmodium ovale in China,
2013-2020. Infect Dis Poverty. 2021;10:113.

Baird JK, Surjadjaja C. Consideration of ethics in primaquine therapy
against malaria transmission. Trends Parasitol. 2011;27:11-6.

Ghimire P, Singh N, Ortega L, Rijal KR, Adhikari B, Thakur GD, et al.
Glucose-6-phosphate dehydrogenase deficiency in people living in
malaria endemic districts of Nepal. Malar J. 2017;16:214.

Baird JK. Basic research of Plasmodium vivax biology: enabling its
management as a clinical and public health problem. Front Cell Infect
Microbiol. 2021;11: 696598.

Assefa A, Ali A, Deressa W, Tsegaye W, Abebe G, Sime H, et al. Glucose-
6-phosphate dehydrogenase (G6PD) deficiency in Ethiopia: absence

of common African and Mediterranean allelic variants in a nationwide
study. Malar J. 2018;17:388.

Carter TE, Mekonnen SK, Lopez K, Bonnell V, Damodaran L, Aseffa A,

et al. Glucose-6-phosphate dehydrogenase deficiency genetic variants
in malaria patients in Southwestern Ethiopia. Am J Trop Med Hyg.
2018;98:83-7.

Lo E, Zhong D, Raya B, Pestana K, Koepfli C, Lee M-C, et al. Prevalence and
distribution of G6PD deficiency: implication for the use of primaquine in
malaria treatment in Ethiopia. Malar J. 2019;18:340.

Shitaye G, Gadisa E, Grignard L, Shumie G, Chali W, Menberu T, et al. Low
and heterogeneous prevalence of glucose-6-phosphate dehydrogenase
deficiency in different settings in Ethiopia using phenotyping and geno-
typing approaches. Malar J. 2018;17:281.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

Page 9 of 10

Robinson LJ, Wampfler R, Betuela |, Karl S, White MT, Li Wai Suen CS, et al.
Strategies for understanding and reducing the Plasmodium vivax and
Plasmodium ovale hypnozoite reservoir in Papua New Guinean children: a
randomised placebo-controlled trial and mathematical model. PLoS Med.
2015;12:e1001891.

Thielemans L, Gornsawun G, Hanboonkunupakarn B, Paw MK, Porn P,
Moo PK, et al. Diagnostic performances of the fluorescent spot test for
G6PD deficiency in newborns along the Thailand-Myanmar border: a
cohort study. Wellcome Open Res. 2018;3:1.

Working Group. Glucose-6-phosphate dehydrogenase deficiency. Bull
World Health Organ. 1989,67:601-11.

WHO. A framework for malaria elimination. Geneva: World Health Organi-
zation; 2017.

Nega D, Assefa A, Mohamed H, Solomon H, Woyessa A, Assefa V, et al.
Therapeutic efficacy of artemether-lumefantrine (Coartem®) in treating
uncomplicated P, falciparum malaria in Metehara, Eastern Ethiopia: regu-
latory clinical study. PLoS ONE. 2016;11: e0154618.

WHO. Guidelines on drawing blood: best practices in phlebotomy.
Geneva: World Health Organization; 2010.

WHO. Point-of-care G6PD testing to support safe use of primaquine for
the treatment of vivax malaria. WHO evidence review group meeting
report. Geneva: World Health Organization; 2014.

Pengboon P, Thamwarokun A, Changsri K, Kaset C, Chomean S. Evalua-
tion of quantitative biosensor for glucose-6-phosphate dehydrogenase
activity detection. PLoS ONE. 2019;14: €0226927.

Djigo OKM, Khalef YO, Salem MSOA, Gomez N, Basco L, Briolant S, et al.
Assessment of CareStart G6PD rapid diagnostic test and CareStart G6PD
biosensor in Mauritania. Infect Dis Poverty. 2021;10:105.

Ley B, Alam MS, O'Donnell JJ, Hossain MS, Kibria MG, Jahan N, et al. A
comparison of three quantitative methods to estimate G6PD activity in
the Chittagong Hill Tracts, Bangladesh. PLoS ONE. 2017;12: e0169930.
Alam MS, Kibria MG, Jahan N, Thriemer K, Hossain MS, Douglas NM, et al.
Field evaluation of quantitative point of care diagnostics to measure
glucose-6-phosphate dehydrogenase activity. PLoS ONE. 2018;13:
€0206331.

Weppelmann TA, von Fricken ME, Wilfong TD, Aguenza E, Philippe TT,
Okech BA. Field trial of the CareStart biosensor analyzer for the deter-
mination of glucose-6-phosphate dehydrogenase activity in Haiti. Am J
Trop Med Hyg. 2017,97:1262.

Ley B, Bancone G, Von Seidlein L, Thriemer K, Richards JS, Domingo GJ,
et al. Methods for the field evaluation of quantitative G6PD diagnostics: a
review. Malar J. 2017;16:361.

Zobrist S, Brito M, Garbin E, Monteiro WM, Clementino Freitas S, Macedo
M, et al. Evaluation of a point-of-care diagnostic to identify glucose-
6-phosphate dehydrogenase deficiency in Brazil. PLoS Negl Trop Dis.
2021;15:e0009649.

Nguetse CN, Meyer CG, Adegnika AA, Agbenyega T, Ogutu BR, Kremsner
PG, et al. Glucose-6-phosphate dehydrogenase deficiency and reduced
haemoglobin levels in African children with severe malaria. Malar J.
2016;15:346.

Tsegaye A, Golassa L, Mamo H, Erko B. Glucose-6-phosphate dehydroge-
nase deficiency among malaria suspects attending Gambella hospital,
southwest Ethiopia. Malar J. 2014;13:438.

KieBling N, Brintrup J, Zeynudin A, Abduselam N, Gotz S, Mack M, et al.
Glucose-6-phosphate dehydrogenase activity measured by spectropho-
tometry and associated genetic variants from the Oromiya zone, Ethiopia.
Malar J. 2018;17:358.

Amoah LE, Asare KK, Dickson D, Abankua J, Busayo A, Bredu D, et al.
Genotypic glucose-6-phosphate dehydrogenase (G6PD) deficiency
protects against Plasmodium falciparum infection in individuals living in
Ghana. PLoS ONE. 2021;16: €0257562.

Galatas B, Mabote L, Simone W, Matambisso G, Nhamussua L, Del Mar
M-P, et al. Heterogeneity of G6PD deficiency prevalence in Mozambique:
a school-based cross-sectional survey in three different regions. Malar J.
2017;16:36.

Lee J, Im Kim T, Kang J-M, Jun H, Le HG, Thai TL, et al. Prevalence of
glucose-6-phosphate dehydrogenase (G6PD) deficiency among malaria
patients in Upper Myanmar. BMC Infect Dis. 2018;18:131.

Tseghereda YG, Nganga JK, Kimang'a AN, Mehari TH, Weldemichael YG.
Glucose-6-phosphate dehydrogenase deficiency allelic variants and their
prevalence in malaria patients in Eritrea. Pan Afr Med J. 2018;31:46.



Shenkutie et al. Malaria Journal (2022) 21:260

43, Goémez-Manzo S, Marcial-Quino J, Vanoye-Carlo A, Serrano-Posada H,
Ortega-Cuellar D, Gonzélez-Valdez A, et al. Glucose-6-phosphate dehy-
drogenase: update and analysis of new mutations around the world. Int J
Mol Sci. 2016;17:2069.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Prevalence of G6PD deficiency and distribution of its genetic variants among malaria-suspected patients visiting Metehara health centre, Eastern Ethiopia
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and sample collection
	G6PD phenotype measurement and G6PD genotyping
	Data analyses

	Results
	Socio-demographic and clinical characteristics
	Prevalence of G6PD deficiency and association with socio-demographic and clinical factors
	G6PD mutations

	Discussion
	Conclusion
	Acknowledgements
	References




