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ABSTRACT:The main factor holding back malaria elimination strategies is the continuous emergence of 

Plasmodium falciparum parasites resistant to malaria drugs. After the ban of chloroquine in 2005, Artemisinin-

based combination therapies (ACT) recommended by WHO has become the first line treatment drug for malaria 

in Nigeria. However, evidence has emerged on the risk of developing resistance to ACT, thereby leading this 

research work to aimed at determining the prevalence of P. falciparum chloroquine resistance transporter gene 

(Pfcrt) and P. falciparum multidrug resistance gene 1 (Pfmdr-1) in keffi between year 2019 to 2021.  There was 

no significant increase in the prevalence of Pfcrt gene CVMNK wild type in period of 2019-2020 (25% to 

25.3%) and in 2020-2021 (25.3% to 26.4). The prevalence of P. falciparum infections carrying N86 was low in 

2019 to 2020 (24%-26%), and significantly increased from 26% in 2020 to 68% in 2021. The prevalence of P. 

falciparum infections carrying 184F reasonably increased from 34% in 2019 to 47% in 2020, and also 

significantly increased from 47% in 2020 to 81% in 2021. There was no significant difference in the prevalence 

of P. falciparum infections carrying D1246 in 2019 to 2020 and 2020 to 2021. The speedy changes observed in 

Pfmdr-1gene may be as a result of stoppage in the use of artemisinin-based monotherapies (including 

Chloroquine) and widely use of Artemisinin-based combination therapies (ACT), therefore there is need to 

develop and explore more on the molecular markers of Plasmodium falciparum to malaria drugs resistance. 
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I.  INTRODUCTION 
Malaria, the life-threatening vector-borne disease, remains a global threat and a major public health 

issue across the world [1]. About 219 million cases and 435,000 deaths from malaria occurred worldwide in 

2017 [2]. The Major factor hindering malaria elimination strategies is the continuous emergence of Plasmodium 

falciparum parasites resistant to all known existing malaria drugs [3].  

Antimalarial drug resistance may occur due to variations in the build-up of drug or efflux mechanisms 

(as in the case of chloroquine, amodiaquine, quinine, halofantrine, and mefloquine resistance) or due to 

diminished affinity of the drug’s target, which may result from point mutations in the respective genes that 

encode these targets (pyrimethamine, cycloguanil, sulphonamide, atovaquone, and artemisinin resistance) [4, 15, 

16]. Following the resistance of Plasmodium falciparum to antimalarial drugs such as chloroquine and 

sulfadoxine-pyrimethamine, the WHO in 2001 endorsed artemisinin combination therapies (ACTs) comprising 

drug combinations of artemether-lumefantrine (AL) and amodiaquine-artesunate (AQ-AS) as first-line treatment 

for uncomplicated malaria[5, 17].  

Nigeria banned Chloroquine in 2005 and Artemisinin-based combination therapies (ACT) 

recommended by WHO has become the first line treatment drug for malaria[6]. However, evidence has emerged 

on the risk of developing resistance to ACT [7]. Many studies has been conducted on multi-drug resistance gene 

of Plasmodium falciparum in deferent part of Nigeria, butthere is no report or study of prevalence of multi-drug 

resistance gene of Plasmodium falciparum inKeffi, as Keffi is entirely another geographical are in Nigeria.  
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Therefore this research work was aimed to determine the prevalence of P. falciparum chloroquine 

resistance transporter gene (Pfcrt) and P. falciparum multidrug resistance gene 1 (Pfmdr-1) in Keffi between 

year 2019 to 2021. To achieve this aim, Diagnosis of P.falciparum was done on the samples collected, P. 

falciparum chloroquine resistance transporter gene (Pfcrt) at codons 72-76  and P. falciparum multidrug 

resistance gene 1 (Pfmdr-1) at codons 86, 184, and 1246 was amplified, also Single Nucleotide Polymorphism 

(SNP) of the Amplified genes at codons 72-76 and codons 86, 184, and 1246 was determined. 

 

II.  MATERIALS AND METHOD 
Sample Population:Sample population of this study comprised of patients that were under malaria treatment in 

Federal Medical Centre Keffi, Nigeria. The targeted patients were those that were newly placed on Artemisinin-

based combination therapies (ACT) and those that were about to be placed on ACT. Approval for the study was 

obtained from Ethical and Research Committee of Federal Medical Centre, Keffi. 

Sample Collection:500 samples were collected in total for the study;  160 in November and December 2019, 

165 in April and May 2020, 175 in February and March 2021 frompatients that were newly placed on 

Artemisinin-based combination therapies (ACT) and those that were about to be placed on ACT atFederal 

Medical Centre, Keffi.The patients were screened for P. falciparum and the initial screening for P. falciparum 

was conducted using microscopic observation of thin and thick Giemsa-stained blood films and those who tested 

positive for P. falciparum were recruited in the study. 1 ml of venous blood was collected into vacutainer tubes 

containing EDTA, a sub-sample of this was spotted onto Whatman No 3 filter paper for DNA extraction. 

DNA Extraction:DNA extraction was done usingNucleoSpin Genomic DNA Bloodpure Kit a commercially 

prepared kit. (Macherey-Nagel, Du¨ ren, Germany). Extraction was done based on manufacturer’s instructions. 

Polymerase Chain Reaction and SNP analysis of Pfcrt and Pfmdr-1genes:Outer and nested PCR was 

performed on the extracted DNA to amplified Pfmdr-1 gene at 86, 184, and 1246 and Pfcrt gene at condo 72-76 

as described by [8].  

The concentration of the primary mixture for amplification was 1× PCR buffer, 2mM MgCl2, 125 µM dNTP, 25 

nM of each primer (F/R), and 1X dream Taq green DNA polymerase. One microliters of DNA template was 

added to a reaction volume of 19µL. The secondary amplifications was done in a 20µL reaction volume 

containing 1× PCR buffer, 1mM MgCl2, 125µM dNTP, 125 nM of each primer (F/R), and 1X dream Taq green 

DNA polymerase (Hassan et al., 2016). The product of the first amplification was used as the template for the 

second PCR (1µL/reaction)[8].  

Sequence-specific oligonucleotide probe (SSOP)–enzyme-linked immunosorbent assay as described by [9] was 

used to determine Pfcrt Single Nucleotide polymorphism at codons 72-76. Pfmdr-1 SNP was determined at 

codons 86, 184, and 1246 using restriction fragment length polymorphism as described by [10]. 

Statistical Analysis: A statistical package for social sciences (SPSS) 23.0 versions was used for the analysis of 

the data appropriately. Pearson’s chi squared test was use to determined differences in frequency and Fishers 

exact test was also used.The level of significance was taken at 95% confidence intervaland P<0.05 was 

considered significant. 

 

III. RESULTS 
The test results indicated that 85(53.1%) out of 160, 76(46.1%) out of 165, 102(58%) out of 175 samples 

collceted were tested positive to P. falciparumfor years 2019, 2020 and 2021 respectively.  

The frequency ofPfcrt geneCVMNK wild type which include mixed CVMNK/CVIET infections as against 

mutant CVIET haplotype infections showed a significant increase of CVMNK haplotype from 39.3% in 2019 to 

57.5%  in 2020 (x
2
 = 12.2, P = 0.003),  and 57.5% in 2020 to 70.4% in 2021 ( x

2
 = 14.4, P = 0.004  )  

 The prevalence of Pfcrt gene CVMNK wild type including mixed CVMNK/CVIET infections versus pure 

mutant CVIET haplotype infections increased significantly from 34.2% in 2019 to 52.3% in 2020 (x
2
 = 10.2, P 

= 0.002) and 52.3% in2020 to 75.8% in 2021 (x
2
 = 9.02, P = 0.005). 

The temporal prevalence of SNPs of Pfmdr-1 gene at codons 86, 184, and 1246 was analyzed. Temporal 

changes in codon 86 SNP distribution of P. falciparum infections carrying N86 wild types, including mixed 

N86/86Y infections, versus single mutant-type 86Y infections. The prevalence of P. falciparum infections 

carrying N86 wild type was low in 2019 to 2020 (24%-26%), while the prevalence of P. falciparum infections 

carrying N86 significantly increased from 26% in 2020 to 68% in 2021(x
2
 = 14.3, P = 0.005).  

The prevalence of P. falciparum infections carrying 184F including mixed 184F/184Y infections, versus single 

mutant-type 184Y infections reasonably increased from 34% in 2019 to 47% in 2020(x
2
 = 5.52, P = 0.048), and 

47% in 2020 to 81% in 2021(x
2
 = 12.9, P = 0.004). There was no significant difference in the prevalence of P. 
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falciparum infections carrying D1246 in 2019 to 2020 and 2020 to 2021 (x
2
 = 0.136, P = 0.775 and x

2
 = 0.248, 

P = 0.512 respectively). 

Mixed genotype of Pfmdr-1 gene was omitted from examination of temporal changes in frequency of SNPs. The 

frequency of the N86 wild type significantly increased from 45.5% in 2019 to 52.4% in 2020 (x
2
 = 7.52, P = 

0.004), and significantly increased from 52.4% in 2020 to 78.4% in 2021(x
2
 = 6.23, P = 0.003). The frequency 

of the 184F wild type reasonably increased from 20.2% in 2019 to 32.5% in 2020 (x
2
 = 3.04, P = 0.220), and 

also did not increased more than 35.7% in 2021(x
2
 = 2.12, P = 0.152).  No significant differences in frequency 

of the D1246 wild type 21% in 2019 to 25.6% in 2020 (x
2
 = 3.23, P = 0.042) and 25.6% in 2020 to 30.5% in 

2021 (x
2
 = 2.42, P = 0.035)  

 

IV.  DISCUSSION  
Nigeria stopped the use of artemisinin-based monotherapies most especially Chloroquine in 2005, and 

artemether-lumefantrine combine drug become widely used[6]. There is significant increase in Pfcrt gene in 

Keffi, even at the fading out of chloroquine in Nigeria which suggested that there is illegal use of chloroquine in 

Nigeria. Though the study was carried out during the COVID-19 Pandemic, and there were several reports of 

people using chloroquine as a prophylaxis, this might have contributed greatly to increase in  Pfcrt gene. This 

finding is similar to the report of the sturdy conducted in Mozambique that indicated an increase in the Pfcrt 

gene and also suggested that it might be as a result of low price and easy access of chloroquine in 

Mozambique[10].  

Despite unauthorized use of chloroquine, Artemisinin-based combination therapies (ACT) is widely 

use in the country. There have been reports of increase in the prevalence of Pfmdr-1 N86 wild type in some part 

of Nigeria which was associated to the wide spread of the use artemether-lumefantrine combine drug[11]. 

Theprevalence of Pfmdr-1 N86 wild type was low in Keffi between the year of 2019 and 2020, while it 

significantly increased from 26% in 2020 to 68% in 2021. The sudden increase in the prevalence of Pfmdr-1 

N86 wild type in 2021 might be associated to more increase in the use of artemether-lumefantrine combine 

drug. 

There was an increase in the prevalence of Pfmdr-1 184F mutant-type from 34% in 2019 to 47% in 

2020 and also significantly increased from 47% in 2020 to 81% in 2021. This might be as a result of increase in 

the resistance of chloroquine by P. falciparumas associated by some report[12, 13]. Several studies on 

prevalence of SNPs of Pfmdr-1 gene at codons 184 have shown that P. falciparumcarrying Y184 is mostly 

found to East and Central Africa while the mutant 184F is mostly found in West Africawhich validates our 

findings [11, 12].   

There was no significant difference in the prevalence of P. falciparum infections carrying D1246 in 

2019 to 2020 and 2020 to 2021, and this agrees with studies done in some part of Nigeria.   

 

V.  CONCLUSION 
The speedy changes observed in prevalence of SNPs of Pfmdr-1 gene at codons 86, 184, and 1246 may 

be as a result of stoppage in the use of artemisinin-based monotherapies (including Chloroquine) and widely use 

of Artemisinin-based combination therapies (ACT), therefore there is need to develop and explore more on the 

molecular markers of Plasmodium falciparum to malaria drugs resistance. There should be regulation of the use 

of antimalarial drugs, most especially chloroquine as it is still easily accessible by people despite the ban.  
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