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Abstract- Malaria remains one of the main threats to public health. The emergence of drug resistance is a major obstacle to
the fight against malaria. Due to the spread of parasites resistant to antimalarial drugs, treatment guidelines for malaria in
the Central African Republic have evolved from monotherapy to artemisinin-based combination therapy. Prediction of
decrease or increase in antimalarial susceptibility and fixation of multidrug resistance genotypes is essential in the fight
against malaria. To assess the impact of drug policy, we examined molecular changes in the chloroquine-associated Pfcrt
and Pfmdrl resistance marker to monitor the evolution of mutant alleles since the withdrawal of chloroquine from the
market following the adoption of Artemisinin based Combined Therapies (ACT) in the Central African Republic. To assess
the evolution of these markers, dried blood spots were prepared from 138 children diagnosed positive for plasmodium
falciparum malaria by rapid diagnostic test. DNA was then extracted from the blood and genotyped. The chi-square test
was used to check for the association between the period of withdrawal and the time of sample analysis. The alleles
conferring resistance to chloroquine in the Pfmdr1-86Y genotype showed a significant increase from 1.72% in 2010 t0 99.1%
in 2021, on the other hand, they was a reduction in the mutant alleles Pfcrt-76T and an increase in mixed infection from 0%
in 2010 to 3.48% in 2021 (P<0.05). The results demonstrated a clear increase in the pfmdrl resistant marker.
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Introduction

Despite reports of a decline in global malaria incidence, the WHO African region still recorded 95% of the world's 228 million
early malaria cases, with an estimated 602,000 out of 627,000 global deaths in 2021 [1]. Venerable groups like children under the
age of 5 years and pregnant women are the most affected. This persistence malaria burden is link to many factors including poverty,
ignorance but above all the insufficiency of medical infrastructures [2][3]. Over the years, the Central African Republic (CAR), has
implemented complementary malaria control strategies based on WHO recommendations. In particular, the fight against malaria
vectors by deploying long-lasting insecticide-treated mosquito nets (LLINS), the use of intermittent preventive treatment among
infants and pregnant women [4][5]. Despite The replacement of chloroquine following the adoption of combination therapies based
on artemisinin derivatives (ACT) as first-line treatment in 2005 [4], malaria remains one of the main causes of morbidity and
mortality in CAR. The replacement of chloroquine was driven by the development and spread of plasmodium falciparum
chloroquine resistant strains [6]. Although the mechanism of chloroquine resistance is not yet fully understood, it has been shown
to be positively correlated with mutations in the chloroquine resistance transporter gene (Pfcrt) that encodes a vacuolar
transmembrane protein.The pfcrtK76T (substitution of lysine for threonine) genetic mutation, has been reported in all clinical
isolates resistant to chloroquine. It is therefore used as molecular markers to monitor chloroquine resistance in field isolates [9].
Mutations in the Plasmodium falciparum (Pfmdrl) gene especially that at codon N86Y (substitution asparagine with tyrosine) has
been shown to play a modulating role in decreasing sensitivity to chloroquine as well as other aminoquinolines such as amodiaquine
and mefloquine [10][11].Recent progress in global malaria control is threatened by the emergence of artemisinin resistance in
Southeast Asia [1] and its likely spread to hotspots, which is already the case in Rwanda and Tanzania [12][13]. Studies in South
East Cameroon, in Kenya and Malawi have substantiated that the withdrawal of chloroquine and consequently it pressure on the
parasite lead to a gradual reduction in the proportion of circulating mutant genotypes of the Pfcrt and Pfmdrl genes. [14][15][16].
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This study was carried out to determine the changes in the prevalence of chloroquine resistant between 2010 and 2021 following it
replacement in 2005 with Artesunate-amodiaquine (ASAQ) and Artemether-lumefantrine (AL). The emergence of resistance to
ACT and the gradual revert of chloroquine sensitive Plasmodium falciparum reported in some parts of Africa motivated us to
investigate the situation of chloroquine sensitive Plasmodium falciparum in CAR. The reason being that chloroquine was safe,
effective, widely available, and remarkably inexpensive with a long half-life that protecting against early relapses [17][18]. It could
be given to pregnant women as well as nursing mothers. The benefits of chloroquine were enormous, so if it turns out that
chloroquine sensitivity has returned to CAR, its return to the market could be a plus in the fight against malaria.

Method

Study site

This study was conducted in Bangui the capital of the Central African Republic. Bangui, is close to the country’s southern border.
It lies on the northern bank of river Ubangi and covers an area of 67 square kilometers. Bangui is the political and economic capital
of the Central African Republic. The CAR is located in a rainy tropical zone, the vegetation consists of approximately 3.5 million
hectares of forests in the South and a wooded savannah zone in the North. The average annual temperature is around 26°C, the
rainfall indicates on average: 226 mm (July) and 5mm (December) for the rainy and dry seasons respectively [4][19].

Ethical consideration and sample collection

Children between the ages of 6 to 59 months who fulfilled all of the inclusion criteria and none of the non-inclusion criteria were
enrolled in the study following consent obtained from their parents or guardians. Study participants were recruited at the Bédé
Combattant urban health center (CSU) in Bangui, randomly selected in 2021, eleven years after the collection of the first samples
with which we carried out our comparison. A malaria rapid diagnostic test was used to test for malaria in febrile patients with an
axillary temperature of > 37°C. This diagnosis were confirmed by microscopy. Finger prick blood was collected from those who
were diagnosed positive for Plasmodium falciparum and used to prepare dried blood spots (DBS) on Whatman 3mm filter paper.
The filter papers were air dried, stored with silica gel in zip luck bags and transported to the laboratory for DNA extraction and
molecular analysis.

DNA extraction

The parasitic genomic DNA was extracted from the dried blood spots by chelex (Bio-Rad laboratories SIGMA) method as
previously described by Plowe and colleagues [21]. The DBS was isolated from the filter paper and placed in a labeled micro-
centrifuge tube and a 1 ml 0.5% saponin solution added to it and incubated overnight at 4°C. The saponin was then replaced with
the same amount of phosphoric buffered saline solution (1X PBS) and incubated for about 30 minutes at 4°C. The filter paper was
then transferred to another tube with 20% hot Chelex on a heating block. The supernatant following voltexing and centrifugation at
10,000 rpm for 2 minutes was transferred to new tubes and stored at -20°C.

Amplification of genomic DNA

The extracted parasitic DNA was used to amplify the plasmodium falciparum chloroquine resistant transporter gene (Pfcrt) and the
plasmodium falciparum multidrug resistant gene 1 (Pfmdr1). A set of primers obtained from Inquaba Biotec (Pretoria, South Africa)
were used in a nested PCR to amplify codon 76 and 86 of the Pfcrt and Pfmdrl genes respectively, in a T3 thermocycler (Biometra
UK) [21]. A reaction mixture of 25ul was used. Each of these reaction mixture was made up of nuclease free water, 10 X thermopol
buffers, 10mM dNTPs, Taq Polymerase and substrate. The Pfcrt and Pfmdrl genes were then amplified as previously describe in
other studies [21][32]. The product of the first amplification was used as the substrate for the second amplification. The primers
MDRIF and MDR2R were used for the first round amplification of Pfmdrl under the following conditions; pre-denaturation at
95°C for 5 minutes, 30 cycles of denaturation at 95°C for 30 s, primer annealing at 45°C for 30 seconds, extension at 65° C for 45
seconds and then final extension at 72°C for 5 minutes. The primers, MDR3F and MDR4R were used for the second round of
Pfmdrl nested PCR amplification under the following conditions; Pre-denaturation was performed at 95°C for 3 minutes followed
by 25 cycles of denaturation at 95°C for 30 seconds, primer annealing at 45°C for 30 seconds and extension at 65°C for 45 seconds
with a final extension at 65°C for 3 minutes.

The primers CRTP1 and CRTP2 were used for the first round amplification of Pfcrt gene under the following conditions; pre-
denaturation at 94°C for 3 minutes, 45 cycles of denaturation at 94°C for 30 seconds, primer annealing at 56°C for 30 seconds,
extension at 60°C for 1 minute and then final extension at 60°C for 3 minutes. The primers, CRTD1 and CRTD2 were used for the
second round of Pfcrt nested PCR amplification under the following conditions; Pre-denaturation was performed at 95°C for 5
minutes followed by 30 cycles of denaturation at 95°C for 30 seconds, primer annealing at 45°C for 30 seconds and extension at
65°C for 45 seconds with a final extension at 65°C for 5 minutes 21.

Restriction fragment length polymorphism (RFLP) and gel electrophoresis.

Amplicons were evaluated for single nucleotides polymorphisms at the Pfcrt and Pfmdrl genes by subjecting them to restriction
fragment length polymorphism (RFLP) using site-specific restriction enzymes (New England Biolabs). Pfcrt was incubated at 37°C
with the restriction enzyme apol. Apol digest Pfcrt-K76 (wildtype) and not Pfcrt-76T (mutant). Pfmdrl was incubated with the
restriction enzyme Afl 111 at 50°C overnight. Afl 111 digest Pfmdr1-N86 but not Pfmdr1-86Y [21][22]. Amplicons and products
resulting from the restriction enzyme reaction were electrophoresed using a 2% agarose gel stained with 0.2 pl of ethidium bromide
and visualized under ultraviolet light.

Results
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A total of 138 samples were analyzed in 2021. The age range was 6 to 59 months with an average age of 27.44 months. Among the
138 participants enrolled, 56% were girls and 44% boys. Plasmodium falciparum DNA was successfully extracted from all samples.
The genotyping rate of Pfmdrl and Pfcrt genes stood at 83.33% and 100% respectively. Of the 114 PCR positive Pfmdrl, 99.14%
(114/115) were mutant alleles (Pfmdr1-86Y) and 0.86% (1/115) were wild types (Pfcrt-N86). Regarding studies conducted in 2010
by Nambei et al, a proportion of 1.72% of mutant alleles (Pfmdr1-86Y) and 98.24% wild types alleles (Pfmdr1-N86) were observed.
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Figure 1 and table 1.

Figure I : Proportion of Pfmrl gene with wild type (Pfmdrl N86), mutants (Pfmdrl 86Y) and mixed alleles.

0,
9A% 95%

1

9

8
57
<6
<
t5
¢
54
a3 %

(% 0

2 % %

1

C

201 2021
Iwild- IMutant "Mixed

Figure 11 : proportions of Pfcrt gene with wild-type (Pfcrt K76), mutants (Pfcrt 76T) and mixed alleles (Pfcrt-K76T)
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As concern the Pfcrt gene, 96.52% (107/115) were wild types (Pfcrt-K76), none of the isolates had mutant alleles. However 3.48%
(8/115) of the isolates had mixed infection (Pfcrt-K76T). Isolates with both mutant and wild type alleles were considered to be
having a mixed infection. In 2010 Nambei et al observed a 99.42% (171/174) isolates with wild types alleles (Pfcrt-K76). and a
1% (1/174) of mutant alleles (Pfcrt-76T). Figure 2, Table 1.

Table I: proportion of single nucleotides polymorphisms of the Pfmdrl and Pfcrt genes in 2010 and 2021

Géne alleles type 2010 2021 P-value
Pfmdr 1 76T mutant 1,72% (3/174) 99,1% (114/115) P <0.001
K76 Wild-type 98,27%(171/174) 0,86% (1/115)
K76T mixed 0.0%(0/174) 3.48% (8/115)
Pfcrt 86Y mutant 0,57%(1/174) 3,48%(8/115) P <0.003
N86 Wild-type 99,42%(173/174) 96,529%(107/115)
N86Y mixed 0.0%(0/174) 0.0%(0/115)

Key; T=Threonine, K=Lysine, N=Asparagine and Y=Tyrosine.

Discussion

The objective of this study was to compare the evolution of the prevalence of the chloroquine resistance markers Pfmdrl and Pfcrt
between 2010 and 2021 as a means of investigating a possible reintroduction of Chloroquine in the Central African Republic.
Pfmdrl and Pfcrt are molecular markers which have been demonstrated to be associated with Plasmodium falciparum resistant to
chloroquine. The role chloroquine played in the fight against malaria before it withdrawal in 2005 due to resistant of the parasite
and the current revert of chloroquine sensitive Plasmodium falciparum in other African countries, prompted us to investigate a
possible revert in the Central African Republic.

Analysis of the single nucleotides polymorphisms (SNPs) of the genes revealed that they was no isolates with pfcrt mutant alleles
(pfcrt-76T) in 2021 as compare to 2010 and a significant increase in the pfmdrl mutant alleles (pfmdr1-86Y). this study was similar
to another study conducted in Malawi where the prevalence of pfcrt mutant allele was found to decrease from 85% in 1999 to 13%
in 2000 and then to 0% in 2001 following a 100% chloroquine clearance of in vitro isolates of Plasmodium falciparum infections
however the two study differ by the fact that, that of Malawi investigated the SNPs of Pfcrt only. [25]. This study is also consistent
with another study in northern Cameroon were a similar trend in pfcrt and pfmdrl SNPs were observe even though the decrease in
pfcrt mutant allele was non-significant [32]. The results clearly demonstrate a complete return of chloroquine sensitive circulating
Plasmodium falciparum in Bangui given that no mutant pfcrt allele was observed and owing to the fact that SNPs in the pfcrt gene
is an important determinant of chloroquine resistant Plasmodium falciparum one can suspect a possible complete revert of
chloroquine sensitive Plasmodium falciparum in Bangui. This determinant resistant to chloroquine was demonstrated by Hamza et
al were they also showed that they was a less significant association of chloroquine resistant plasmodium falciparum with mutant
alleles of pfmdrl as compared to those pfcrt mutant alleles [28]. These results differs from those of a similar studies conducted in
south west and south-eastern regions of Cameroon where the decreases in pfcrt mutant alleles was accompany by a similar decrease
in those of pfmdrl as opposed to our study where a decrease in the pfcrt mutant alleles were rather accompany by an increase in
those of pfmdrl. This difference may be explained by the fact that artemether-lumefatrine may be over used in Central African
Republic than in Cameroon since SNPs of pfmdrl gene has been proven to be associated with the resistant artemether-lumefatrine
S0 it pressure may be a possible reason for this difference [14][25]. These results also differ from work conducted in Zambia and
Senegal where the frequency of Pfmdr alleles was repopulated by the susceptible alleles (pfmdr1-N86) after many years of complete
withdrawal of chloroquine [30][ 31].

Conclusion

This study showed that the replacement of chloroquine in Central Africa Republic led to the return of chloroquine sensitive
plasmodium falciparum in Bangui. These findings is of public health importance in that chloroquine might be reintroduce in CAR
may be as combine therapy with artemisinine after similar findings from other regions in the country
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