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Abstract

Received: 12 October 2022 The use of an effective antimalarial drug is the cornerstone of malaria control. However,
Accepted: 16 January 2023 the development and spread of resistant Plasmodium falciparum strains have placed the
global eradication of malaria in serious jeopardy. Molecular marker analysis constitutes

*Correspondence the hallmark of the monitoring of Plasmodium drug-resistance. This study included 96 P.
(wn_ap39@yahoo.com)  falciparum PCR-positive samples from southern Somalia. The P. falciparum chloroquine
resistance transporter gene had high frequencies of K76T, A220S, Q271E, N326S, and

R3711 point mutations. The N86Y and Y184F mutant alleles of the P. falciparum multi-
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Malaria is a significant health problem in most tropical countries, including Somalia. Plas-
modium falciparum is the most prevalent malaria species in sub-Saharan Africa [1]. The
emergence of multidrug-resistant P, falciparum strains poses a challenge to malaria control
plans and has considerably increased drug costs. This situation endangers affordable, safe,
and cheap drugs in the least-developed countries wherein malaria control is ineffective [2].
The World Health Organization recommends using artemisinin (ART)-based combina-
tion therapies as the first-line treatment for uncomplicated falciparum malaria to confront
the spread of treatment-resistant malaria strains [3]. In 2006, Somalia discontinued chlo-
roquine (CQ) as the first-line therapy for uncomplicated falciparum malaria because CQ
has high treatment failure rates that range from 76.5 to 88.0% in Janale, Jamame, and Jow-
har. The combination of artesunate and sulphadoxine—pyrimethamine was introduced
into the national malaria control program [4]. The country’s first-line treatment was later
© 2023 The Korean Society for ~ switched to artemether-lumefantrine (AL) due to numerous mutations in antifolate resis-
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tance markers [5]. ART-resistance has been reported to be strongly associated with non-
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(3+ days) [7]. The emergence of pfk13 mutations is an early warning sign for Africa given
that an increase in the frequency and spread of these mutations across the continent could
have catastrophic consequences for malaria control. The purpose of the present study is to
determine the prevalence rates of drug-resistance molecular markers (polymorphisms in
the P, falciparum chloroquine resistance transporter [pfcrt] gene, P, falciparum multidrug re-
sistance 1 [pfmdrl1], P, falciparum ATPase 6 [pfatp6), and pfk13) and the copy number vari-
ation (CNV) of pfmdrI in isolates from Afgoi and Balad in southern Somalia.

Approval for the study protocol was given by the Ethics Review Committee for Research
in Human Subjects, Ministry of Health of Somalia (No. 0776/May/2018). Informed con-
sent for study participation was obtained from all participants. A total of 150 dried blood
spot samples were collected in 2018 from patients with P, falciparum infection attending
malaria clinics in southern Somalia (Afgoi and Balad; Fig. 1). DNA was extracted from
blood samples spotted on filter paper by using a QIAamp DNA Mini kit (Qiagen, Hilden,
Germany) in accordance with the manufacturer’s protocol then used as a template for PCR
amplification. The polymorphisms of pfcrt, pfmdrl, and pfatp6 were examined by using
PCR with restriction fragment length polymorphism [8,9]. CNV's were assessed by utiliz-
ing a Bio-Rad iCycler (Bio-Rad, Hercules, CA, USA) [10]. The pfk13 gene was amplified by
nested PCR as described by Ariey et al. [6]. Amplified products were purified by applying a
QIAquick PCR purification kit (Qiagen) then sequenced by a commercial vendor (Bioneer,
Daejeon, Republic of Korea). DNA sequencing was performed in 2 directions for complete
coverage. The sequences of each isolate were aligned with the 3D7 reference strain (Gen-
Bank accession number, XM_001350122) by employing BioEdit software ver7.0.5.2 (Ibis
Therapeutics, Carlsbad, CA, USA). Chi-square or Fisher’s exact test was used to compare
the proportions of the mutated points in the 2 study sites (Afgoi vs Balad). The level of sta-

Fig. 1. Map of Somalia showing the study site.
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tistical significance was set at a=0.05.

A total of 150 microscopically confirmed P. falciparum samples were collected for the
study. PCR confirmed the presence of malaria species in 67.3% of the samples (96 P. falci-
parum and 5 Plasmodium vivax), whereas the remaining samples were PCR-negative. Thus,
96 P, falciparum samples were included in molecular analysis. Most of the samples (81.0%)
included in the molecular analysis were from the Afgoi district in the Lower Shabelle re-
gion. Eighty-six samples were successfully genotyped at all codons of pfcrt. All isolates from
Balad showed mutant genotypes at codons K76T, A220S, Q271E, and R3711I and wild gen-
otypes at codon I356T. The frequencies of each mutant point showed no significant differ-
ence between Afgoi and Balad isolates (P> 0.05) (Table 1). The frequency of the pfmdr] mu-
tation among the 85 samples that were successfully amplified is shown in Table 1. Mutations
in pfmdr1 were only seen at N86Y and Y184F in the isolates from the 2 study areas. Mean-
while, the 3 other positions (S1034C, N1042D, and D1246Y) were 100.0% wild-type. Four
haplotype patterns of pfindr1 were found: NYSND (2.4%), YYSND (35.3%), NFSND (12.9%),

Table 1. Distribution of pfcrt, pfmdr1 and pfatp6 in Plasmodium falciparum isolates from southern Somalia. Data is presented as the
number of isolates (%)
No. of isolates (%)
Gene Codon Amino Acid
Afgoi Balad Total
pfert 76 K (Wild-type) 15(17.4) 0(0.0 15(17.4)
T° (Mutation) 54(62.8) 17 (19.8) 71(82.6)
220 A (Wild-type) 2(2.3) 0(0.0) 2(2.3)
S (Mutation) 67 (77.9) 17 (19.8) 84(97.7)
271 Q (Wild-type) 1(1.2) 0(0.0) 1(1.2)
E° (Mutation) 68 (79.1) 17 (19.8) 85(98.8)
326 N (Wild-type) 7(8.1) 11(12.8) 18 (20.9)
S° (Mutation) 62(72.1) 6(7.0) 68 (79.1)
356 | (Wild-type) 67(77.9) 17 (19.8) 84 (97.7)
T° (Mutation) 2(23) 0(0.0) 2(23)
371 R (Wild-type) 5(5.8) 0(0.0) 5(5.8)
I° (Mutation) 64 (74.4) 17 (19.8) 81(94.2)
pfmdr1 86° N (Wild-type) 7(8.2) 6(7.1) 3(15.3)
Y® (Mutation) 62(72.9) 10(11.8) (84 7)
184 Y (Wild-type) 25(29.4) 7(8.2) 2(37.6)
F® (Mutation) 44 (51.8) 9(10.6) (62 4)
1034 S (Wild-type) 69(81.2) 16(18.8) 85(100.0)
1042 N (Wild-type) 69 (81.2) 16(18.8) 85 (100.0)
1246 D (Wild-type) 69(81.2) 16(18.8) 85 (100.0)
Copy no. 1 copy 65 (77.4) 16 (19.0) 81(96.4)
2 copies 3(3.6) 0(0.0) 3(3.6)
pfatp6 37 R (Wild-type) 67 (77.9) 16 (18.6) 83(96.5)
K° (Mutation) 3(3.5) 0(0.0) 3(3.5)
639 G (Wild-type) 66 (76.7) 16 (18.6) 82(95.3)
DP (Mutation) 4(4.7) 0(0.0) 4(4.7)
769 S (Wild-type) 70(81.4) 16 (18.6) 86 (100.0)
898 1 (Wild-type) 46 (53.5) 11(12.8) 57 (66.3)
I° (Mutation) 24(27.9) 5(5.8) 29(33.7)
*Statistically significant difference between Afgoi and Balad isolates (P = 0.006).
Mutation codons.
pfer, P. falciparum chloroquine resistance transporter; pfmdr1, P. falciparum multidrug resistance 1; pfatpé, P. falciparum ATPase 6.
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and YFSND (49.4%). The most dominant haplotype was the YESND double-mutated hap-
lotype, which represents the substitution of the amino acid tyrosine for codon 86 and phe-
nylalanine for codon 184 [8]. On the other hand, the wild NYSND haplotype had the low-
est prevalence. A total of 84 isolates were subjected to pfmdrl gene amplification analysis.
Only 3 isolates from Afgoi were found to carry 2 copies of pfindrl (Table 1). The pfatp6
gene had mutant genotypes at codons R37K, G639D, and 18981 and a wild-type S769N co-
don. The I1898I mutation was detected in isolates from the 2 study sites, whereas mutations
at codons R37K and G639D were detected only in Afgoi isolates (Table 1). All 84 samples
that were successfully sequenced for P. falciparum isolates carried the wild-type alleles of
pfki3.

The molecular analysis of antimalarial drug-resistance markers provides information on
parasite gene mutations and/or gene copy number changes associated with drug-resistance
[11]. The pfcrt and pfmadrl genes are generally considered markers of CQ resistance (CQR)
[8]. The pfimdrl gene and the pleiotropic drug-resistance transporter pfcrt reside on the
membrane of the parasite’s digestive vacuole and are believed to prevent osmotic stress in
the vacuole by exporting host-derived peptides and delivering them to the cytosol, where
they are degraded into amino acids to fuel parasite growth [12]. The pfcrt gene is a stronger
predictor of CQR than pfmdr1. The K76T mutation is the crucial marker of CQR, whereas
the other alleles of the pfcrt gene confer a lesser degree of CQR [8]. In this study, the K76T
mutation was found in 82.6% of isolates. All isolates from Balad carried the K76T mutation.
The study also showed high mutation rates at codons A220S, Q271E, N326S, and R371L
The accumulation of point mutations in the pfcrt gene has been associated with a high level
of CQR [13]. This finding contradicts previously reported results showing the re-emer-
gence of CQ-sensitive P, falciparum populations after the withdrawal of CQ from the na-
tional treatment policy [14]. This situation might be due to the availability of the drug in
local drug stores that leads to continued drug pressure on circulating malaria parasites [15].
Of the 5 polymorphisms of the pfmdrl gene, no mutations were detected at positions
S1034C, N1042D, or D1246Y in any isolate. The wild haplotype of these 3 points is com-
mon in CQR parasites in Africa and Asia, whereas their mutant haplotypes are common in
CQR parasites from South America [16]. The present study found predominant mutations
of pfmdrl N86Y and Y184F (84.7 and 62.4%, respectively). However, in accordance with
study sites, only the N86Y mutation showed a significant difference in frequencies between
the isolates from Afgoi and Balad (P <0.05). This discrepancy might be due to differences
in sample size (Afgoi vs. Balad =69 vs. 16). The mutation profiles of N86Y and Y184F
showed similar patterns, as reported by a previous study from Tanzania [17]. The N86Y
mutant allele contributes to resistance to CQ and amodiaquine but increases parasite sus-
ceptibility to lumefantrine, mefloquine, and dihydroartemisinin [16]. No previously pub-
lished data on pfcrt and pfindrl allelic variants from Somalia are available for comparison
with the present study’s findings. Among the pfindrl haplotypes, YESND was the most
common (49.4%), followed by YYSND (35.3%). The relatively high frequency of the dou-
ble mutational haplotype detected in the present study might be due to continuous selec-
tive pressure from CQ [15]. This study also showed a low prevalence rate of 2 pfmdrI cop-
ies (3.6%) in southern Somalia. This finding is consistent with the result of a study from
Kenya, which reported a prevalence of 2 pfindrI copies of less than 10.0% [18]. Notably, in-
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creased pfmdrl copy number was associated with lower parasite susceptibility to meflo-
quine and partial susceptibility to lumefantrine [10]. Most likely, the low rate of parasites
with 2 copies of pfindrl is due to the fact that AL has been a part of the national policy for
malaria treatment since 2016 [5]. The pfk13 and pfatp6 genes are potential markers among
the candidate genes for P, falciparum ART-resistance [6,9]. Jambou et al. [9] observed that
the mutation at S769N in the pfatp6 gene is associated with an increased in vitro suscepti-
bility to artemether. Although this work discovered that pfatp6 allelic variants had a rela-
tively high mutation rate at 18981 (33.7%), none of the isolates carried a mutation at pfatp6
S769N. No mutation in the pfk13 gene was observed in any of the studied isolates. A cross-
sectional study conducted in Kenya to determine the prevalence of pfk13 substitutions re-
ported that no mutations were associated with ART-resistance in Africa [19]. The present
work discovered that pfatp6 S769N, which is known to confer resistance to ART, was wild-
type [9]. The absence of mutations in ART-resistance genes indicates that AL has only been
in policy for malaria control for 2 years [5].

In conclusion, this study found a high prevalence of pfcrt and pfimdrl mutations in P, fal-
ciparum isolates from 2 endemic areas in southern Somalia, indicating that CQ remains
inappropriate for falciparum malaria treatment in Somalia. On the other hand, no muta-
tion in the pfk13 gene was detected. Therefore, AL, which is currently in use in the country,
is likely to be effective. However, regular surveillance is essential if the development of wide-
spread ART-resistance is to be prevented.
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