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Abstract: The replacement of chloroquine with artemisinin-based combination therapies (ACTs) for
over a decade has had varying impacts on the ability of the malaria parasite to sustain its chloro-
quine resistance prowess in different malaria-endemic regions. We evaluated the frequency of Plas-
modium falciparum chloroquine resistance transporter (PfCRT) mutations in an endemic area of
southwest Nigeria 17 years after replacement of chloroquine with ACTs for malaria treatment. Ge-
nomic DNA was isolated from dried blood spot samples obtained from 129 patients (aged 1-35
years) with microscopically confirmed P. falciparum infection. PfCRT fragments covering codons 72-
76, CVMNK (wildtype) and A220 were amplified and sequenced. Two mutant PfCRT haplotypes
on residues 72-76 (CVIET and CVINT) were identified with a prevalence of 18.6% and 2.3%, respec-
tively. Interestingly, the CVINT haplotype was identified for the first time in this region. A220S
changes were found in 16.3% of samples occurring concurrently with the CVIET haplotype, while a
Q271E mutation occurred in a wildtype isolate. The reduced prevalence of the PfCRT mutant alleles
in this study may suggest a gradual disappearance of chloroquine-resistant malaria parasites fol-
lowing reduced drug pressure. It may also be an indicator of the ability of malaria parasites to de-
velop resistance gradually against the current first-line regimen.

Keywords: Plasmodium falciparum chloroquine resistance; mutations; CVINT; malaria; allele fre-
quency

1. Introduction

Malaria is a life-threatening infection caused by Plasmodium species, and it constitutes
a significant burden on global health [1]. In addition to several preventive measures and
definitive diagnosis, effective antimalarial drug treatment is a key component in the con-
trol and elimination of malaria [2,3]. Unfortunately, Plasmodium falciparum resistance to
available antimalarial agents has been a major drawback to the success of malaria control,
especially in malaria-endemic regions [4,5]. The development of resistance to chloroquine
(CQ), historically the most widely used antimalarial drug [6], opened a new vista into
understanding the science of malaria parasite biology and its evolutionary capabilities for
survival under different conditions.

Chloroquine was one of the most successful antimalarial drugs used in the treatment
of uncomplicated malaria infection until it was rendered ineffective by the emergence of

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202301.0050.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 January 2023 doi:10.20944/preprints202301.0050.v1

chloroquine-resistant Plasmodium falciparum [7]. However, CQ remains effective against
other strains of human plasmodium parasites including P. vivax, the most widespread spe-
cies outside sub-Saharan Africa [8]. In sub-Saharan Africa, widespread clinical resistance
of Plasmodium falciparum to CQ [4,9] led to its withdrawal and replacement as first-line
antimalarial regimen with artemisinin-based combination therapies (ACTs). Chloroquine
withdrawal has had varying impacts on different endemic regions [10]. For example, chlo-
roquine gained therapeutic efficacy after its earlier withdrawal from clinical use in Ma-
lawi, Cote d'Ivoire and Uganda [11-15]. Furthermore, regeneration of chloroquine-sen-
sitive parasites was reported in some other African countries including Kenya, and Zam-
bia after its withdrawal as first-line chemotherapy for uncomplicated malaria [16,17].
However, in Nigeria, evidence suggests that a strong background of the chloroquine-re-
sistant Plasmodium falciparum persists even after a similar period of replacement by the
ACTs [18,19]. Despite its withdrawal as first-line antimalaria, chloroquine is still in circu-
lation and available over-the-counter in many pharmacies in Nigeria [18,20,21].

Unfortunately, reports of emergence of resistance to currently used ACTs are threat-
ening malaria control efforts [22]. Resistance to artemisinins originated from the Greater
Mekong Subregion in Asia and has spread to the malaria-endemic areas of southeast Asia
[22-24]. Considering the emergence in East Africa and potential spread of parasites re-
sistant to the ACTs [25], and the inherent cost of fitness on such parasites in the absence
of CQ pressure [26,27], there are proposals for potential re-introduction of CQ to comple-
ment ACTs for the treatment of uncomplicated malaria which appear to be gaining trac-
tion [13,15,28,29].

Resistance to CQ historically is mainly facilitated by genetic changes within the cod-
ing region of the gene encoding a transporter on the parasite food vacuole membrane; the
Plasmodium falciparum chloroquine resistance transporter (PfCRT) gene. This transporter
is responsible for the influx/efflux of some antimalarial drugs to and from the food vacu-
ole of the parasite [30-32]. Point mutations that translate to changes in amino acids at dif-
ferent positions have contributed to the parasites’ competence to resist drugs such as chlo-
roquine and structurally related antimalarial drugs [[30,33,34]. The most significant mu-
tation implicated for chloroquine resistance is the non-synonymous substitution of lysine
(K) with Threonine (T) at position 76 (K76T), which modulates efflux of protonated chlo-
roquine from the parasite’s food vacuole [35,36]. This change, K76T, is also enhanced by
substitutions at positions 72 — 75 in wildtype parasites, CVMN to CVIE in African isolates
[37,38], and with slight geographical divergence in other regions, such as SVMN in Latin
America and Asia [29]. Substitutions at other positions which play significant roles in
chloroquine resistance with clinical confirmation have been reviewed [27,39]. Interest-
ingly, the ability of the transporters to efflux other drugs structurally related to chloro-
quine (amodiaquine and piperaquine) has also been reported with additional mutations
at previously unchanged positions [40]. Clinical and functional studies that investigated
single nucleotide polymorphisms at other positions on the PfCRT gene, reported reduced
susceptibility to piperaquine but with increased sensitivity to chloroquine [27,40,]. This
may suggest an overriding fitness requirement for parasites to adapt resistance to struc-
turally related antimalarial drugs [26].

To date, previous studies on PfCRT mutations in Nigeria have consistently reported
a high prevalence of K76T changes [6,18]. However, the significant decreases in the prev-
alence of chloroquine-resistance markers across other regions in Africa [7,13,28,41,42] may
suggest an adaptation of resistance prowess against ACTs. Though, the data on preva-
lence of PfCRT mutant allele across West Africa varies [6,18,37,38,43], parasite population
genetic diversity across the study region remains homogenous [44]. With hindsight of the
historical and geographical route of spread of Plasmodium falciparum resistance to CQ, and
reports of detection of ACT resistance in Uganda, east of Africa [25], there is the fear of
potential spread of ACT resistance to other sub-Saharan African countries. Continuous
molecular surveillance of resistant markers in these countries is now expedient, especially
in countries where chloroquine was not withdrawn but replaced. In this study, we evalu-
ated the current prevalence of mutant PfCRT in an endemic area of Southwest Nigeria,
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where chloroquine is still readily available over-the-counter. We isolated and genotyped
PfCRT from circulating parasites within a densely populated province.

2. Materials and Methods
2.1. Study design and site

The study was part of an ongoing drug therapeutic efficacy study of dihydroartemis-
inin/piperaquine conducted at the Malaria Clinic of the Malaria Research Laboratories,
Institute of Advanced Medical Research and Training, College of Medicine, University of
Ibadan. The study was an open-label single-arm prospective study. It was conducted be-
tween the period of June to November 2021. Ibadan is a malaria endemic area in southwest
Nigeria, West Africa with an all-year-round malaria transmission which is more intense
between April and October. The molecular analysis was conducted at the Hart Lab, Med-
ical School, University of Minnesota, U.S.A.

2.2. Institutional Review Board Statement

The protocol for this study was reviewed and approved by both the Joint University
of Ibadan/University College Hospital Ethics Committee (#UI/EC/20/0171) and Oyo State
Ministry of Health Research Ethics Committee (AD 13/479/4219). The study was also reg-
istered and approved by the Pan Africa Clinical Trial Registry (PACTR) with identifica-
tion number PACTR202108584742856. Written informed consent was obtained from study
participants and from the parents/guardian of children. In addition, assent was also ob-
tained directly from children > 10 years.

2.3. Patients and sample collection

A total of 737 patients who visited the Malaria Clinic were screened using micros-
copy. Thick and thin blood films were obtained from patients on slides by finger prick-
ing for malaria microscopic screening. The enrolment criteria included microscopically
confirmed malaria infection and absence of other concomitant illnesses. Participants
were enrolled into the study after clinical examination and microscopically confirmed
Plasmodium falciparum infection. Finger-pricked blood samples from enrolled partici-
pants with confirmed falciparum malaria were collected on 3MM Whatman® filter paper
before treatment initiation (day 0) and were allowed to dry at room temperature. The
dried blood spots (DBS) were stored in sealed plastic bags at room temperature with silica
gel until analyzed for molecular profiling.

2.4. Parasite DNA extraction

Plasmodium falciparum genomic DNA was extracted from the DBS using QIAamp
DNA Mini blood kit (Qiagen, USA) according to the manufacturer’s protocol. The ex-
tracted genomic DNA concentration were quantified on nanodrop spectrophotometer
and stored at 4°C.

2.5. Amplification of PFCRT

Fragments of interest of PfCRT gene were amplified using nested polymerase chain
reaction. A 1701 base pair outer fragment of PfCRT gene (752 — 2452 bp) was amplified
followed by nested amplifications of a 599 bp fragment (1144-1742) covering codons 72-
76 and a 225 bp fragment (1905-2129) covering essential codons 220 and 271. Primer pairs
were selected as previously reported by Mittra et al., 2006 [45], and were synthesized by
Integrated DNA Technologies (IDT, USA). Primers for primary reaction were PfCRT
OF:5’-CCGTTAATAATAAATACAGGC-3, PfCRT OR: 5-
CTTTTAAAAATGGAAGGGTGT-3' while the primers for the nested reactions were
PfCRT N72F: 5-TGTGCTCATGTGTTTAAACTTAT-3’, PfCRT N72R:5-AAAA-
TAGTATACTTACCTATATCT-3" and PfCRT N220F: 5-CTTATACAATTATCTCGGAG-
CAG-3, PfCRT N220R: 5-ATAATAAAAACAAAGTTTAAGTGT-3'.
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Briefly, 10 puL reaction volume containing 5 pL iProof HF 2X master mix (Bio-rad
USA), 0.25 uL (10uM) of each primer, 3.5 pL of nuclease-free water and 1 uL of Plasmo-
dium falciparum DNA template was used for the primary amplification. For the nested am-
plifications, 12.5 pL reaction volume containing 6.25 pL iProof HF 2X master mix (Bio-
rad, USA), 0.25 uL (10uM) of each primer, 5.25 pL of nuclease-free water and 0.5 pL
of Plasmodium falciparum DNA template was used for nested amplification. Each PCR con-
tained a Plasmodium falciparum 3D7 genomic DNA template as a positive control while a
reaction containing Plasmodium falciparum-negative DNA and a no-template reaction
served as negative controls. For the primary amplification, the thermal cycler (Eppendorf;
USA) was programmed as follows: 94 °C for 3 min, 40 cycles of: 94 °C for 30 s, 49 °C for 1
min and 60 °C for 90 s, with a final extension at 60 °C for 3 min. Conditions for codon 72-
76 nested amplifications were: 94 °C for 3 min, 25 cycles of: 94 °C for 30 s, 44 °C for 30s
and 68 °C for 60 s, with a final extension at 64 °C for 3 min. Codon 220-containing fragment
was amplified in a nested reaction with similar conditions except annealing temperature
of 53°C.

Nested PCR products were resolved on 1.5% agarose gel stained with SYBR green
dye (Invitrogen, USA) using a Quick-Load® Purple 50 bp DNA Ladder (Biolab® USA).
Images of 599 and 225 base pair fragments were viewed in Gel Doc EZ Imager (Bio-Rad,
USA) documentation system. The amplicons were purified by treatment with a mixture
of Exonuclease 1 (ThermoFisher, USA) and Shrimp Alkaline Phosphatase (ThermoFisher,
USA).

2.6. Sequence Data Analysis

Purified PCR products were subjected to Sanger dideoxy sequencing at Eurofins Ge-
nomics commercial sequencing centre (Eurofins, USA) using the forward primers of each
nested reactions. The sequence data was analyzed using clustal omega alignment pro-
gram. Generated sequences were aligned with the reference sequence of 3D7 (Gene ID:
PF3D7_0709000) and all identified changes in nucleotides were reported.

2.7. Statistical Analysis

Data were analyzed using the statistical package for social sciences (SPSS) version 25.
Fisher’s exact test was used to compare two categorical variables. A P-value of < 0.05 was
considered statistically significant.

3. Results
3.1. Demographic Profile of enrolled participants

Of the 737 patients who were screened at the Malaria Clinic using microscopy, 441
(59.8%) had Plasmodium falciparum infection. One hundred and twenty-nine (129) malaria-
positive patients were enrolled into the study. The baseline characteristics of the recruited
participants are summarized in Table 1. Overall, the mean age of all participants was
9.3+4.8 years (range 1-35). Twenty-eight participants were aged 1-5 years, 95 were aged >5
years to 15 years and 6 were >15 years. The mean axillary temperature was 37.3+1.1°C
(range 35.5-40.0°C). Of the 129 participants, 48 patients presented with fever at enrolment
while 81 patients had no fever. Geometric mean parasite density of enrolled participants
was 14440 uL* (range 181-729000).
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Table 1: Demographic and clinical characteristics of participants at enrollment.

. Male Female All
Variables (n=76) (n = 53) (n = 129) P value
Age (years)
Mean + SD 8.6+4.6 10.2+4.9 9.3+4.8 0.06
Range 1-25 3-35 1-35
No. <5 years (%) 21 (16.3) 7(5.4) 28(21.7) 0.01
> 5-15 years (%) 52(40.3) 43(33.3) 95(73.6) 0.41
>15 years (%) 3(2.3) 3(2.3) 6(4.7) 1
Temperature (°C)
Mean + SD 37.4+1 37.2+1.2 37.3+1.1 0.54
Range 35.7-40 35.5-39.9 35.5-40
No. > 37.4°C (%) 31(24) 17(13.2) 48(37.2) 0.36
Weight (Kg)
Mean + SD 23.4+11 25.1+10.6 24.1+10.8 0.39
Range 6-57 7-50 6-57
GMPD (uL") 17657 10821 14440 0.06
Range 181-729000 213-211385 181-729000

GMPD: Geometric Mean Parasite Density, SD: Standard Deviation

3.2. Prevalence of PfCRT single nucleotide polymorphisms in the Plasmodium falciparum
parasites

Genomic DNA samples from 52 patients were amplified while 43 were successfully
sequenced. The alignment data of sequenced samples showed a uniform arrangement
with the reference clone (Pf3D7) with no synonymous change within the amplified frag-
ments. Altogether, five non-synonymous changes were identified with three substitutions
(M741, N75E and K76T) at codons 72-76 within the 599bp fragment, and 2 substitutions
(A220S and Q271E) within the 225bp fragment. At codons 72-76, changes in amino acid
sequence from CVMNK (wildtype) to CVIET (mutant) were identified in 18.6% of the
samples while 2.3% had CVINT mutation. The wildtype CVMNK haplotype occurred in
79.1% of the samples. All A220S changes (16.3%) occurred concurrently with the CVIET
haplotype, while the Q271E was found in an isolate with the wildtype sequence (CVMNK)
relative to positions 72 - 76. Table 2 shows the position distribution and substitutions of
amino acids on PfCRT. The agarose gel resolutions for the amplified fragments are also
shown in Figure 1. The south American/southeast Asian chloroquine-resistant haplotype
SVMNT was not seen in any of the samples.

Table 2. Non-synonymous PfCRT changes from sequenced DNA samples.

Mutation Type Mutant locus Reference allele  Mutant allele n/N(%)
M741 Nonsynonymous 222 atG atT 9/43(20.9)
N75E Nonsynonymous 223/225 AaT GaA 8/43(18.6)
K76T Nonsynonymous 227 aAa aCa 9/43(20.9)
A220S Nonsynonymous 658 Gec Tcc 7/43(16.3)
Q271E Nonsynonymous 811 Caa Gaa 1/43(2.3)

N: Number of samples sequenced at locus

n: Number of samples containing mutant allele
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Figure 1. Image of agarose gel showing amplicons of PfCRT fragments (A=599bp fragment, B=225bp
fragment). A: Lis 50 bp DNA ladder, lanes 32 - 48 are samples, lane 3D7 is the Pf3D7 positive control,
lanes H and W are human Plasmodium falciparum-negative DNA and water respectively serving as
negative controls. B: L is 50 bp DNA ladder, lanes 32 - 44 are samples, lane 3D7 is the Pf3D7 positive
control, lanes H and W are human Plasmodium falciparum-negative DNA and water respectively
serving as negative controls. bp: base pair.

3.3. Frequency of mutation between age groups

The distribution of the identified PfCRT mutations (M74l, N75E, K76T, A220S and
Q271E) across the age groups are as follows: 2/43 (4.7%) were found among patients aged
1-5 years, 8/43 (18.6%) were found among patients aged >5-15 years while no mutation
occurred among patients aged >15-35 years. There was no correlation between age and
presence of mutant allele (P=0.84).

4. Discussion

Many studies have described widespread return of chloroquine sensitive alleles of
Plasmodium falciparum parasites in parts of Africa after at least a 10-year cessation of chlo-
roquine use in treatment of uncomplicated malaria [28,41,46,47]. The data from the studies
support calls for consideration of chloroquine as an addition to ACTs, especially in areas
where chloroquine-susceptible Plasmodium falciparum predominates [48,49].

From the present study, there seems to be a steady decline in the CQ resistance mark-
ers over the years in southwest Nigeria after the replacement of chloroquine as first-line
treatment for uncomplicated malaria. The findings of our study revealed a lower fre-
quency of PfCRT 76T resistant allele (20.9%) and CVIET haplotype (18.6%) when com-
pared to previous reports of similar studies from the same population, with 60% in 2008
and 72% in 2012, respectively [37,50]. Reports from other parts of Nigeria also indicate
varying frequencies of CQ resistance mutant alleles [6,18,38,51,52] which may be con-
nected with the continued use of chloroquine due to its affordability.

While the prevalence of mutant PfCRT haplotype we observed in south-western Ni-
geria is comparable to findings from samples obtained from Chinese migrants who con-
tracted malaria in different parts of Africa [53], it cannot be correlated with similar results
from studies in East Africa where chloroquine was completely withdrawn from clinical
use [54]. However, there seem to be a slow but gradual return of the chloroquine-sensitive


https://doi.org/10.20944/preprints202301.0050.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 January 2023 doi:10.20944/preprints202301.0050.v1

haplotype (CVMNK) within the study population. Mohammed et al., 2017 reported a
lower frequency of K76T in northwest Nigeria; however, the study was based on PfCRT
RNA transcripts isolated from samples. In the study, only 33.4% of samples assayed for
wildtype and mutant changes at position 76 were resolved [55]. To date, the prevalence
of K76T reported in this study is the lowest that has been reported in Nigeria using direct
DNA sequence analysis. The K76T PfCRT resistant signature is gradually weaning in
malaria endemic areas in Africa known to harbor strong lines of chloroquine-resistant
parasites in the absence of chloroquine use. These resistant alleles may be fast disappear-
ing within the West Africa region as similar finding has been reported in Cote de "Ivoire
[42]. Therefore, the potential for emergence of parasites with zero chloroquine-resistant
prowess in these areas should be duly considered. The ACTs are the first-line antimalarial
regimen in Nigeria, while sulphadoxine-pyrimethamine is prescribed for intermittent pre-
vention of malaria during pregnancy [3]. The absence of chloroquine from the clinics may
have contributed to the reversal of the resistant alleles of PfCRT, probably due to fitness
survival mechanisms under ACTs pressure [26,32,56].

Acquisition of point mutations on PfCRT has been reported to be directly propor-
tional to increased levels of chloroquine resistance [45]. The amino acid change, A220S is
reported to complement the CVIET haplotype in PCRT [57]. Our results indicate that all
A220S changes were found within a subset of the K76T allele, suggesting that A220S may
not exist in isolation to confer CQ resistance. We hypothesize that the lower prevalence of
A220S and singular appearance of CVINT haplotype may suggest that parasites in the
population might be undergoing gradual genetic evolution reverting to wildtype PfCRT
genotypes, by relinquishing in stepwise manner point mutations that often contribute to
chloroquine resistance. This is probably supported from the observation that the CVINT
haplotype retains asparagine amino acid contained in the wildtype CVMNK. This is the
first report of the CVINT haplotype in Nigeria, however, it has previously been reported
in neighboring Niger Republic, in a study that observed a high prevalence (84.6%) of the
wildtype haplotype (CVMNK) [58] and another in Angola [59]. Despite the time lag be-
tween our study and these other studies that reported CVINT mutations [58,59], the con-
sistently low prevalence values of this mutation (< 4%) may be insufficient to suggest pos-
sible selection for amodiaquine resistance due to drug pressure as propounded [58].

Plasmodium falciparum chloroquine resistance transporter has been implicated in
mechanism of resistance to other drugs with associated point mutations at different posi-
tions of the gene, especially in the absence of CQ [27,32,56]. The translated amino acid
changes in these studies, T93S, H97Y, C101F, N326S, M343, have been associated with
varying degrees of resistance to other antimalarials such as amodiaquine, piperaquine,
mefloquine and lumefantrine in functional and metabolic studies on the gene activity, and
in some Asian isolates. Conversely, a number of the changes resulted to chloroquine sen-
sitivity in parasites [32]. Interestingly, none of the highlighted changes were found in all
the samples we analyzed. This information is in tandem with a previous report on African
isolates [60], despite the clinical use of the listed drugs as first-line partners to artemisinin
derivatives in the study population.

5. Conclusions

There is a wide variability in the prevalence of PfCRT mutation post CQ withdrawal
across the various states in Nigeria. The potential for slow but newly evolving drug re-
sistance markers or parasites with zero-resistance prowess to CQ in the study areas should
not be overlooked. Compared to the consistently high PfCRT mutations previously re-
ported in the study area, our findings imply a reduction in the CQ resistant PfCRT mutant
haplotypes in Ibadan southwest Nigeria 17 years after CQ withdrawal. However, the fact
that high prevalence rates of PfCRT still occurs in some parts of Nigeria calls for urgent
attention, intensified surveillance, and the need to regulate use of chloroquine in Nigeria.
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