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Background: In Eritrea, artesunate—amodiaquine is the first-line treatment against uncom-
plicated malaria. Amodiaquine, which is mainly bio-transformed by CYP2CS, is known to be
associated with adverse events of different severity. Extrapyramidal events are among the
less common but have been reported with non-negligible frequency in Eritrea. This study
was conducted to investigate the allele frequencies of CYP2C8*2 and *3, both associated
with decreased amodiaquine metabolism, among the Eritrean population.

Methods: During September—November 2018, dried blood samples from 380 participants
and 17 patients who previously had experienced extrapyramidal symptoms following treat-
ment of artesunate—amodiaquine were collected and PCR-RFLP genotyped for CYP2C8*2
and *3.

Results: The allele frequencies of CYP2C8*2 and *3 were determined as 5.9% (95% CI:
4.4-7.8) and 4.6% (95% CI: 3.2-6.3), respectively. Four out of the 17 patients with extra-
pyramidal reactions showed to be carriers of the alleles.

Conclusion: CYP2C8*2 and *3 frequencies among Eritreans were found to be intermediate
between the documented for Caucasian and African populations. These findings, along with
the alleles not being decisive for the occurrence of extrapyramidal events, might be of
importance regarding the amodiaquine-containing malaria treatment in Eritrea.
Furthermore, it suggests a significant proportion of slow amodiaquine metabolizers in the
Sahel region, information of potential interest in the context of amodiaquine-involving
seasonal malaria chemoprevention.
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Plain Language Summary

Of the globally reported artesunate—amodiaquine (AS-AQ)-related extrapyramidal symp-
toms (2018), >50% were submitted from Eritrea. The causes/factors for this population-
specific increased incidence of extrapyramidal symptoms are not known. We hypothesized
that mutations in CYP2C8, associated to reduced amodiaquine metabolism, might be more
frequent among Eritreans, potentially leading to the adverse effects. In 2018, dried blood
samples were collected from 380 non-malaria patients and 17 people who experienced
extrapyramidal symptoms following treatment with AS-AQ. Molecular analysis of the
samples collected from all parts of Eritrea was performed in Uppsala University, Sweden.
The results reveal that allele frequencies of CYP2C8*2 and *3, both associated with
decreased AQ metabolism, were determined as 5.9% and 4.6%, respectively. These results
reflect that the Eritrean population is significantly different from other African popula-
tions. Most of the 17 cases did not carry CYP2C8 minor alleles, clearly showing that such
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adverse effects can occur independently of the patient genotype
status for this gene. This pilot study was however too small for
testing possible associations with these variants; thus, warrants
further larger studies. Our results further fuel the intriguing
question if the specific CYP2CS profile in the Eritrean popula-
tion drives an overall increased risk of AQ-related extrapyra-

midal reactions.

Introduction
Malaria is a key public health issue in Eritrea, with 70% of
the national population considered to be in high risk of the
disease and >50,000 new cases being reported every year,
mostly Plasmodium falciparum infections." The fixed-dose
artesunate—amodiaquine (AS-AQ) combination is the first-
line of treatment for uncomplicated malaria. In recent
years, extrapyramidal symptoms associated with AS-AQ
have been frequently observed in Eritrea,” representing
>50% of such reports in VigiBase, the WHO global data-
base of individual case safety reports (December 2018).
The causes/factors for this population-specific incidence of
AS-AQ related extrapyramidal symptoms are not known.

Amodiaquine is mainly metabolized by the hepatic cyto-
chrome P450 (CYP) 2C8.* The CYP2CS8 gene harbours
a number of sequence polymorphisms leading to decreased
biotransformation capacity of amodiaquine. Globally,
CYP2C8*2 and *3 are the most prevalent, with *3 suggested
to result in significantly impaired metabolism.> CYP2C8*2,
defined by an 1269F change (exon 5, 805A>T), is the most
frequent minor allele present in sub-Saharan regions (10—
20%), while *3 (R139K, exon 3, 416G>A and 399, exon 8 in
absolute linkage) is dominant among Caucasians® but rare in
Africans (<0.5%).”

Eritrea is located in the Eastern Sahel region - a natural
between African
Caucasian populations — where CYP2CS allele frequencies

interface and Arabian speaking
are not known. This study was conducted to determine the
prevalence of CYP2CS8 polymorphism for the first time in
Eritrea, part of the Sahel belt. In parallel, we conducted
a pilot analysis of a group of previous malaria patients
who have experienced extrapyramidal effects upon AS-

AQ treatment.

Materials and Methods

A hospital-based cross-sectional study was conducted
between September and November 2018 in hospitals cov-
ering all (six) administrative regions of Eritrea (Figure 1).
A total of 380 unrelated subjects (160 males, 220 females,
mean age: 31 years), covering the major Eritrean ethnic

groups, were randomly recruited from the outpatient
departments. None of these subjects were malaria patients
or, to our knowledge, exposed to amodiaquine in connec-
tion with the study.

In total, 17 previous malaria patients with experience
of AS-AQ related extrapyramidal symptoms, were retro-
spectively retrieved from the Eritrean Pharmacovigilance
Centre, were recruited and analysed separately. Upon
informed consent, a blood sample (ca. 200uL) was
obtained for each enrolled patient and preserved as dried
blood spots in filter paper. All procedures and interactions
with subjects followed the recommendations of the
Declaration of Helsinki Convention in its latest iteration.

DNA-extractions were performed through a rapid boil-
ing-based method as previously described,® with minor
modifications. Polymerase chain reaction primers were as
follows: for 805A>T analysis (*2): 5-ATGTTGCTCTT
ACACGAAGTTACA-3' (fw) and 5-ATCTTACCTGCT
CCATTTTGA-3' (rev). For 416G>A (*3), 5-CTTCC
GTGCTACATGATGACg-3" (fw, incl. 3’ mismatch) and
5-TGCTGAGAAAGGCATGAAG-3' (rev).’ This was fol-
lowed by digestions with Bcll (805A>T) and Xmnl
(416G>A). Restriction results were visualized through
2.5% agarose electrophoresis. Fisher’s exact test was
applied for proportion comparisons.

Results

The 380 subjects were successfully genotyped for both
CYP2C8*2 and *3. Approximately 10.5% were carriers
of *2 and 8.2% of *3, resulting in allele frequencies of
5.9% (95% CI: 4.4-7.8) and 4.6% (95% CI: 3.2-6.3)
respectively (Table 1). Both alleles were found to be in
Hardy—Weinberg equilibrium (Fisher’s exact test, p>0.2).
Concerning the 17 cases that have experienced AS-AQ-
associated extrapyramidal effects, four showed to be car-
riers of the *2 and/or *3 allele (Table 1).

Discussion
This is the first study investigating CYP2C8 polymorph-
ism in the Eastern Sahel region. Compared to other

Africans,’ 918

the *2 allele frequency among Eritreans
is markedly lower, while the *3 frequency was found to
be second highest in Africa; following a regional
Tanzanian study.'® The prevalence of CYP2C8*3 poly-
morphism in most African countries was reported to be
negligible, less than 0.5%, except in Zanzibar (2.1%)°
and Tanzania (10%).'® This finding might therefore be of

concern since amodiaquine is a key antimalarial used for
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Figure | Map of Eritrea, its six administrative regions and the geographic distribution of the sampling points (health facilities in each zone) covering all of the regions of the

country.

the treatment of uncomplicated malaria, presently pivotal
in the Eritrean malaria control program. Extrapolating
from the obtained data, one could expect at least one
*3/*3 carrier for every 200400 individuals, which are
potentially in higher risk of amodiaquine-related adverse
effects including extrapyramidal reactions.

Sulfadoxine-pyrimethamine/amodiaquine seasonal
malaria chemoprevention, though not implemented in
Eritrea, is mostly targeted for populations in the Sahel
belt during seasonal malaria. Assuming data as represen-
tative of populations from these African/Caucasian inter-
face regions, the reported CYP2C8*3 frequency raises

a moderate apprehension, as this allele has been previously

resistance markers.'® Furthermore, the optimal use of amo-
diaquine should carefully consider the characteristics of
the targeted setting and population.°

Concerning the specific issue of amodiaquine-driven
extrapyramidal effects and CYP2CS8, this pilot study could
only conclude that the presence of *2 or *3 is not an
essential condition for their occurrence. Other key genetic
factors are likely to be involved and thus, future larger
associative studies are required for their identification.

CYP2C8 is
a range of relevant therapeutics, including widely used

involved in the biotransformation of

antidiabetics (eg repaglinide), cytostatics (eg paclitaxel)
and statins (eg cerivastatin).>' Our data suggests as such

associated with accelerated selection of parasite carrying the potential for specific drug exposures beyond
Table | CYP2C8 Genotype and Allele Frequencies Among Selected Eritrean Population, 2018
N Genotype Frequency (%) (95% CI) CYP2C8%2 CYP2C8*3
Frequency Frequency
T b *1/%2 *11%3 *2/%2 *3/%3 *2/%3
(%) (95% CI) | (%) (95% CI)
General 380 | 82.1 (77.9-85.8) | 8.4 (5.8-11.7) | 6.3 (4.1-9.3) 1.3 (0.4-3.0) | I.I 0.8 (0.2-2.3) | 5.9 (4.4-7.8) 46 (3.2-6.3)
population (0.3-2.7)
Patients 17 | 765 (50.1-93.2) | 5.9 (0.1-28.7) | 11.8 (1.5-36.4) | — - 59 (0.1-28.7) | 59 (0.7-19.7) | 8.8 (1.9-23.7)
with EPS°

Notes: ®In the context of this work, */ strictly indicates the absence of a *2 or *3 allele. ®Patients with previous clinically documented artesunate—amodiaquine associated
extrapyramidal symptoms.

Abbreviations: N, number of enrolled subjects; Cl, confidence interval; CYP, cytochrome P450; EPS, extrapyramidal symptoms.
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amodiaquine in this population. The future of precision
medicine initiatives in Africa is dependent on a better
understanding of native pharmacogenetic specificities.**
Studies like the present one showcases the pharmacoge-
netic diversity of the continent and the need of its better
characterization.

Conclusion

CYP2C8*2 and *3 are present among the Eritreans in
prevalence intermediate between the Caucasian and sub-
Saharan populations. To our knowledge, this is the first
population reported with such a profile, suggesting that
populations in the Sahel region include a significant
proportion of amodiaquine low-metabolizers. This repre-
sents potentially valuable information when monitoring
amodiaquine-containing therapeutic strategies in these
regions, including seasonal malaria chemoprevention.
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