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Abstract
Background

In Ethiopia, an estimated 68 million peoples are at risk of malaria — 60% caused by Plasmodium
falciparum and 40% by Plasmodium vivax. The national elimination program has begun a journey since
2016 with a vision to see a malaria-free country by 2030. The radical cure of P, vivax with the drug
primaquine is an important component of the elimination strategy. However, Primaquine causes acute
hemolytic anemia in glucose-6 phosphate dehydrogenase enzyme deficient cases and is a threat to P
vivax elimination. G6PD is a cytoplasmic enzyme for all human cells that involves in the pentose
phosphate pathway of metabolic reaction and protects red blood cells from cellular oxidative damage by
detoxifying free radicals. This study is therefore carried out to determine the G6PD deficiency prevalence
among malaria-suspected patients in the study sites.

Method

Health facility-based cross-sectional study was conducted in 2021 at Shele and Lante health centers. A
total of 858 self-presented malaria suspected patients were enrolled in this study. The socio-demographic
and clinical information of the study participants were collected using a pre-validated questionnaire,
entered into Epi Info™ 7 software, and analyzed using SPSS V.20 statistical software. Finger prick blood
samples were collected for onsite CareSTART G6PD biosensor analyzer test, dried blood spot (DBS)
preparation, and malaria microscopy. The DBS samples are used for molecular confirmation of G6PD
deficiency.

Results

A total of 858 study participants of which 49.3% (423) were males with the median and interquartile age
range of 26 and 21 years, respectively were enrolled in the study. Of all the study participants, 14.3%,
9.3%, and 4.1% were microscopy positive for P, falciparum, P vivax, and mixed parasites, respectively. The
phenotypic CareSTART biosensor analyzer G6PD deficiency rate was 4.8% (41/858). Whereas the
molecular genotyping result analyzed in selected 13 patients have shown G6PD gene mutation in 10
(76.9%) of the samples. Particularly G267 + 119C/T mutations were seen in 9 of 13 (69.2%), A376G in
3/13 (23.1%), and G1116A in 3/13 (23.1%). In addition, new mutations such as A376T (A¢T) 2/13
(15.4%) and G1116T (GO T 1/13 (77 %) were also identified.

Conclusion and recommendation

: The result implied that G6PD deficiency among the study participants is not significantly high. In
addition, the G267 + 119C/T mutation was the most frequent variant reported in this study. Therefore, it is
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recommended to consider hemolysis risk while prescribing the primaquine drug in the study area.

Background

Malaria is one of the most important public health problems where more than 68 million Ethiopians are at
risk. Plasmodium falciparum accounts for 60% of malaria cases followed by P vivax with 40% of
contributions being major etiologies in Ethiopia (1). Even though the complete epidemiology of P malarae
and P ovaleis not well studied, few cases (< 1%) have been reported from some parts of the country (2).

A key malaria elimination strategy indicated in the national malaria elimination roadmap is case
management through accurate diagnosis and prompt treatment using the safe anti-malaria drug (3). As
part of this, the Minister of Health (MoH) has endorsed primaquine use for the treatment of liver stage
(hypnozoite) parasites for the radical cure of P vivax (4, 5). However, primaquine drugs cause severe
hemolysis in individuals with glucose-6 phosphate dehydrogenase (G6PD) enzyme deficiency (6, 7).

The glucose-6 phosphate dehydrogenase (G6PD) enzyme is a cytoplasmic enzyme in the pentose
phosphate pathway of all human cells in the body. It prevents cellular oxidative damage to red blood cells
by detoxifying free radicals (8—10).

The G6PD deficiency (G6PDd) is an X-linked genetic disorder caused by the coding gene's mutation,
ultimately resulting in free radical-mediated oxidative damage to red blood cells and causing acute
hemolysis. It is the most common enzymatic disorder of red blood cells affecting approximately

400 million people worldwide (11). It is high in malaria-endemic areas of Africa, Asia, the middle east,
Latin America, the Caribbean, and Mediterranean countries (12-16).

Although a comprehensive national study has not been conducted, the prevalence rate of G6PD
deficiency in Ethiopia is estimated at about 1-3% (17). The lowland parts of the country showed a wide
rate variation which ranges from 1.4-14% while not common in the highlands of the country (13, 18).

Most of the time, G6PD deficient individuals appear normal and clinically silent until exposed to free-
radical elements. This is more common in hemizygous males than females since females can be either
homozygous or heterozygous. Those individuals who had RBC's G6PD enzyme activity < 30% of the
normal G6PD activities had hemolysis in common after administration of primaquine (19-21) which
becomes higher in P, vivaxinfected patients because of a higher dose of primaquine (0.25-0.5 mg for 14
days) than in P, falciparum (a single dose of 0.25 mg) (4, 21-23).

Based on the biochemical and physicochemical characteristics of G6PD, more than 400 variants have
been described to date, of which approximately 186 variants are related to G6PD deficiency (24). Most of

which are single nucleotide substitutions (9). In Africa, the common genotyped variants were G6PD B*
(wild type), G6PD A* (376), G6PD A~ (202), and Mediterranean variant (563) (1, 10, 15, 25). Of these
variants, A" is a non-deficient G6PD-type variant, while A~ and Mediterranean variants are known deficient
variants. In Ethiopia, studies have estimated the A™ (G202A) and A" (A376G) variants prevalence was
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3.5%, and 17%, respectively (1, 26). Therefore, this study aimed to determine the current prevalence of
G6PD deficiency and its genetic variants among malaria suspected patients in Shele and Lante health
center, Southern Ethiopia.

Materials And Method

This cross-sectional study was conducted on 858 malaria suspected consented patients, who had the
signs and symptoms of malaria and self-presented at Shele and Lante health center of Arba-minch Zuria
woreda, Southern Ethiopia during February 2021 to April 2021. Each study participant was subjected to
finger prick blood collection for blood film preparation, and malaria rapid diagnostic tests (RDT). In
addition, venous blood was collected using EDTA tubes for a quantitative rapid CareSTART G6PD
biosensor analyzer test (sensitivity = 92—100%, and specificity = 92—-94% against the spectrophotometric
method) following the procedure described by Bancone G. et al. (27). The sub-set of samples that have
shown G6PD deficiency by G6PD biosensor analyzer tests were further subjected to molecular
genotyping of G6PD variant mutations. The genotyping test was conducted on randomly selected 13
samples (10 G6PD biosensor analyzer deficient samples (6 male and 4 female) and 3 female
intermediate samples) following a standard procedure (1). Briefly, four PCR assays were conducted to
determine the G6PD gene mutations of exons 3—11. PCR used a 20yl reaction mixture containing 2ul of
genomic DNA (~ 50ng/pl), 10ul of 2xMaxima SYBR Green PCR Master Mix (Thermo Fisher), and 0.3uM
of each forward and reverse primer. For each PCR assay, water was used in a separate reaction as a
negative control. Amplifications were done through an initial denaturation at 94°C for 3 min, followed by
38 cycles at 94°C for 30 sec, 58°C for 30 sec and 72°C for 60 sec, with a final 6 min extension at 72°C.
Then, the PCR products were run by gel electrophoresis with 1.5% agarose gel at 120 volts for two hours
and sequenced on an ABI 3730xI DNA analyzer following standard protocols (Genewiz Inc., La Jolla, CA).
Sequences were analyzed using BioEdit. All sequences were aligned to the NCBI reference sequence to
check the specificity of the PCR products. Amplified PCR products with poor sequencing quality or
exhibited singleton mutations were repeated (1).

The patients who were malaria positive either by microscopy and/or RDTs (CareSTART Pf/Pv
(HRP2/PLDH; Lot No MV19861)) were treated with antimalarial drugs following the national treatment
guideline. The CareSTART G6PD biosensor analyzer test results were interpreted as described in table 1
below.

Demographic and laboratory analysis data of the study participants were captured using a pre-validated
guestionnaire, entered into Epi Info™ 7 software and analyzed using SPSS V.20 statistical software.
Descriptive statistics were used to describe the frequency of each variable. A binary logistic regression
model and independent t-test were performed to assess factors associated with G6PD deficiency and
genetic variants among study participants. The phenotypic classifications of the G6PD enzyme were
performed based on the WHO classification by calculating the adjusted male median (AMM). P-value<
0.05 was considered statistically significant.
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Results

Malaria diagnostic results using CareStart Pf/Pv RDT and
Microscopy

A total of 858 malaria suspected patients, 49.3% (423) male, the median age of 26 years and interquartile
range of 21 years were enrolled in the study. All study participants had fever (100%) followed by 93.9%
headache, 53.3% joint and muscle pain, 35.2% fatigue, and 18.3% abdominal discomfort. Patients who
had headaches showed a significant association with malaria positivity (P < 0.05) (Table 2).

P, falciparum was detected in 22.1% of participants with RDT, 22.4% with laboratory personnel
microscopy, and 14.3% with expert microscopists' while the performance of RDT, laboratory personnel
microscopy, expert microscopists' for P vivaxwas 11.7%, 11.3%, and 9.3%, respectively even though the
difference is not statistically significant (P >0.05) (Fig. 2).

G6PD deficiency and associated factors among study
participants

The G6PD biosensor analyzer median and interquartile range of the G6PD enzyme level was 5.9, and 4.2,
respectively where 4.8% (41) of the study participants were G6PD deficient with less than 1.8 enzyme
activity. Males accounted for about 2.1% (18) while G6PD deficient and intermediate females accounted
for about 2.7% (23) and 29% (126), respectively.

About 89.5% of G6PD deficient were above 14 years old. However, no significant association was
observed with G6PD deficiency despite the difference in frequency. Based on the expert microscopic
result, of 41 G6PD deficient patients, 19 were negative while 22 (P, falciparum =13, P vivax =5, mixed = 4)
were positive for malaria parasites. There was no significant association between P, falciparum infection
and G6PD deficiency although higher chance of being deficient than non-P. falciparum participants was
expected (AOR, 1.5; Cl,0.33-6.87; P =0.6). This is also the same with all malaria-positive cases (AOR, 2.6;
Cl,0.47-14.26; P =0.3) and for P vivax positive cases (P >0.05). Regarding the place of residence, G6PD
deficiency was four times more likely to occur in a rural area than compared to the urban territory (P =
0.002) (Table 2).

Among G6PD deficient patients, only two of them had shown severe anemia exhibiting below 5g/dl of
hemoglobin, of which one was pregnant and P, falciparum positive with high parasitemia (>2000
parasite/pl of WBCs) while the other was negative for malaria parasites.

Of the study participants, 27.9% (239) were positive for malaria parasites of which 26.7% had a
corresponding parasite load count. Then, the corresponding parasite load of positive cases was
compared between G6PD deficient and normal. The correlation coefficient between the G6PD enzyme
level and the parasite load was 0.08 (P = 0.2), the correlation was statistically not significant. This was
also confirmed by logistics regression output (P =0.5,95% CI, 0.132-2.822). However, the overall parasite
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load proportion of G6PD normal versus G6PD deficient had a statistically significant difference (P <0.05)
(STATA V.14).

Genotype characteristics of Glucose-6 Phosphate
Dehydrogenase

Of a subset of 13 patients, 10 (76.9%) had shown mutation in their G6PD gene whereas the remaining 3
(23.1%) hadn’t shown mutation. Among patients who had no mutation, none of them were phenotypically
intermediate. Of ten (10) participants who had mutations (7 G6PD deficient and 3 intermediate), five of
them had shown genotypic polymorphism while five of the study participants had mutation due to single
nucleotide substitution. Among participants with polymorphic mutation, one homozygous participant
who was > 14 years old had a triple mutation at three nucleotide positions (A376T, G267 + 119C, and
G1116A) while the remaining four participants had double mutations at their G6PD gene.

G6PD A" (A0G & A)T) at nucleotide position of 376 was detected in 3 (23.1%) of the study participants.
Of these, A¢T was shown in 2 (15.4%) of the phenotypically deficient, female participants. G267 +
119C/T and G1116A were also detected in nine (69.2%) and three (23.1%) of the study participants,
respectively. No mutation was detected for G6PD A™ (G202A) and Mediterranean type (C563T) among all
participants (Table 3).

The average mean of phenotypic G6PD biosensor result of patients who had mutations was 1.79 (0.1-
5.0) while the average mean of patients who hadn't mutations was 0.87 (0.1-1.4) (mean diff. =0.9, 95%
Cl;-0.954-2.801, P = 0.3) which was not statistically significant.

Among the sequenced samples, five were positive for malaria parasites (four P falciparum and one P
vivax). The binary logistic regression revealed no significant association between G6PD mutation and
malaria-positive cases even if the odds of having mutation increase by 1.3 times in positive cases than in
malaria-negative cases (COR, 1.3;95% Cl,0.09-20.1; P =0.8).

Discussion

Primaquine is the only available and effective drug of choice for the treatment of pre-erythrocytic stage
(liver stage) of P vivax against relapses and the gametocyte stage of P, falciparum which is a key point
for the transmission interruption of malaria parasites. However, it can cause acute hemolytic anemia in
individuals with G6PD deficiency. Therefore, understanding the genetic influence of malaria susceptibility
in humans is crucial for the elimination program (18)

This study revealed that the prevalence rate of G6PD deficiency was 4.8% using a quantitative rapid
point-of-care CareStart biosensor machine which is moderate according to WHO reports (28). This is
comparable with, a study performed in Southwest Ethiopia around Gambela (average altitude of 300-
500 meters above sea level) by Lo et al and Tsegaye A. et al revealed 4.3% and 7.3% respectively (1, 13).
However, there are differences in the altitude and malaria endemicity pattern between both areas.
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Similarly, a review paper performed in Southwest Ethiopia stated that the G6PD deficiency prevalence
was above 1-3% (17). Relatively, broader parts of the country were included by Shitaye and his
colleagues and revealed an overall prevalence rate of 1.4% G6PD deficiency (26). In Sudan, the
prevalence rate of G6PD deficiency was 13.1% using Point-of care-testing qualitative CareStart rapid
diagnostic tests (29).

This study revealed that almost all G6PD deficient participants were above fourteen years old. This was
the same as the study performed by Nguetse and his colleagues (P = 0.29). Likewise, a study performed
in Saudi Arabia also revealed that G6PD deficiency increased as age increased (12, 30).

This study also revealed that males and females had an equally likely chance of being G6PD deficient
(AOR, 0.8,95% Cl, 0.423-1.498, P = 0.5). This was concordant with a study performed in Southwest
Ethiopia (AOR, 1.4, P >0.05), in Sudan and northern Thailand (13, 31). Contrarily, a study conducted in
Saudi Arabia and Egypt showed that males had a higher chance of being G6PD deficient than females.
This might be true that since it is an X-linked disorder, males can have the chance of receiving the
deficient gene during the inheritance of a single X-chromosome copy (13, 30, 32).

All malaria-positive cases had an insignificant association with G6PD deficiency despite the high odds
value (AOR, 2.6;95% Cl, 0.47-14.26; P = 0.3). Similarly, research performed by Getasew Shitaye and his
colleagues revealed a negative association of G6PD deficiency with malaria parasites (P =0.9) (26). By
far, the natural selection pressure exerted by malaria parasites led to rising G6PD deficiency (12, 33). This
disagreement could be due to the methodological difference.

The logistics regression output between the G6PD enzyme level and the parasite load was P =0.2, and
the association was statistically insignificant. This is the same with Lo and her colleagues and contrarily
with Tsegaye and his colleagues (P <0.0001) (1, 13). G6PD deficiency is associated with hypo-
parasitemia (10, 34-36). Male hemizygous and female homozygotes had a high protective effect against
severe malaria (P =0.0006), and cerebral malaria (P = 0.0005) (37). Male hemizygous and female
heterozygotes have a reduced risk of cerebral malaria (38).

Of the participants, the common mutation, 376 (A—G and A—T) was detected in 3 (23.1%) participants.
G267 +119C/T (G—C) was detected in 9 (69.2%) while G1116A (G—A & G—T) was detected in 3 (23.1%)
of the participants. In Southwest Ethiopia, a Nationwide study revealed 6.1% and 8.9% of A376G genomic
mutations respectively while G267 + 119C/T and G1116A gene mutations accounted for about 1.2% (1,
18). In this research, almost all participants had G267 + 119C/T (9) gene mutations than other variants.
Of these, three of the participants were heterozygous whereas homozygous and hemizygous were equally
three in each participant. One mutation in G1116T was also heterozygous while surprisingly, one
heterozygous participant had a double mutation in her G6PD gene.

This study also revealed new nucleotide substitution at the position of 376 (A—T) and 1116 (G—T) in
Ethiopia. Similarly, 376 (A—T) was first isolated in Mexico (126 Asn—Tyr) named San Luis Potosi (39).

This finding didn't show G6PD A™ (G202A) and Mediterranean (C543T) variants among sequenced
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samples. However, G6PD A™ was a common variant in Africa (40) and in Ethiopia, 3.5% of G6PD A~ was
detected around Southwest Ethiopia (1) while no mutation was detected for the Mediterranean variant in
Ethiopia.

Conclusion And Recommendation

This finding revealed a modest prevalence rate of G6PD deficiency rate. In a place where the prevalence
rate of male G6PD deficiency is greater than 3-5%, mass screening should be performed before
administration (41). In the case of this finding, the clinicians have to consider the risk of hemolysis during
primaquine treatment in the study area. Genotypically, almost all included study participants had
G267+119C/T G6PD gene mutation, and rarely A376G and G1116A had been shown. Genotypic analysis
with broader samples could be essential to identify the distribution of dominant variants in the study site.
Since genetic mutation is a gradual and recurring situation, continuous assessment of a given population
could be mandatory.
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Map 1: Study sites
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Figure 1

Location of Shele and Lante Health Center, in Arba Minch Zuria Woreda, South Nation Nationalities and
Peoples Region, Southern Ethiopia
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Figure 2

Detection rate of malaria parasites using CareStart Pf/Pv malaria RDT, and microscopy
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