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Introduction 
Malaria is a leading infectious parasitic disease globally with 
approximately a million deaths mostly in children under five years 
annually. [1,2] The most affected continent in the world is Africa where 
approximately 90% of deaths occur every year Kiarie. [3] In Kenya, it 
is the major cause of morbidity and mortality with 70% population at 
the risk of the disease as explained by the Ministry of Health (MoH). [4] 
However, according to the Kenya Malaria Indicator Survey (KMIS), [5] 
the malaria burden in Kenya is not evenly distributed with lake region 
and coast being endemic areas. 

The rapid spread of malaria and development of resistant to chloroquine 
(CQ) against uncomplicated cases of malaria is a major concern in the 
treatment, control, and eradication of the disease worldwide. [6-8] In 
Africa, [9] Malawi was the first country to replace CQ with sulfadoxine-
pyrimethamine (SP) as the first line in the treatment for uncomplicated 
malaria followed by Uganda and Tanzania in 1993. [10,11] In Kenya, 
the first case of CQ resistant was reported in 1977. [12] In 1993, the 
resistance levels had reached an alarming rate of 70% [3]. In 1998, the 
Kenyan Ministry of Health replaces CQ with SP. [13] In 2004, SP was 
replaced with AL as the first line drug in the treatment of uncomplicated 
malaria in Kenya. [9,14] 

Though microscopy is the standard tool, molecular markers have been 
found as a useful tool in monitoring drug-resistant. [15-17] Additionally, 
previous studies [2,7,9] have implicated molecular markers Plasmodium 
falciparum chloroquine-resistant transporter gene (pfcrt) and 
Plasmodium falciparum multidrug-resistant (pfmdr-1) genes as CQ 
resistant contributors. [8,18] Other studies have also linked high frequency 
of pfcrt (K76T) and pfmdr-1 (N86Y) to CQ resistant and concluded 
that Single Nucleotide Polymorphism (SNPs) can be used in predicting 
emerging resistance among commonly used CQ. [19,20] However, since 
point mutations from the genes result in the substitution of various 
amino acids changes at different positions of the codons associated with 
CQ resistance, monitoring point mutations is of paramount importance 
in the control and management of ant-malarial drugs. The purpose of 
this study was to find out the current frequency of pfcrt and pfmdr-1 
gene mutation in the study population.
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Materials and Methods
Study site 

This study was carried out in Chulaimbo Sub-District Hospital in 
Kisumu County in western Kenya.

Study population

This included children between the age of 6 and 60 months visiting the 
outpatient clinic at the Hospital.

Sample collection

Sample collection was done in the month of May to November 2015. 
Prior to treatment, blood from a finger prick was collected and placed 
on filter paper for DNA extraction. The paper was air dried, labeled 
and transported to Kenya Medical Research Institute Nairobi, genotype 
analysis.

Sampling design

This was a cohort study.

Sample size

The equation used was by Lwanga and Lemeshow. [21] 

n =Z2 p (1-P)/ e2 

Where;

Z = Standard normal deviation of the required confidence.

n = The desired sample size

p = Proportion in the target population estimated to have characteristic 
being measured. According to KIAS (2010), The prevalence of malaria 
stands at 38% or 0.38. 

e = The level of statistical significance set.

Therefore, substituting Z for 1.96, 0.38 for P and 0.1 for e, then the 
minimum sample size was 

1.962 × 0.38 (1-0.38) / 0.12 = 90. However, only 76 whose guardian 
agreed to complete the follow up to 28th day after treatment with 
Artemether-lumefantrine.

Deoxyribonucleic acid (DNA) extraction and gene 
amplification

Pfcrt and Pfmdr-1gense amplification

The extraction of DNA was processed using the Chelex method 
as described by Warhurst et al. [22] while the Pfcrt and Pfmdr-1 
genes were amplified using a gene Amp PCR system 9700 
machine. For pfcrt gene, Polymerase Chain Reaction (PCR) 
amplification was processed as follows; in a final reaction volume 
of 30 microliters (µl), the outer PCR consisted of 1x PCR buffer 
1.5 Mm MgCl2, 200 µl of dNTP mixture, 100 nm each of CRTA1 
(5’GCGCGCGCATGGCTCACGTTTAGGTGGAG3’) and CRTB1 
(5’GGGCCCGGCGGATGTTACAAAACTATAGTTACC3’) and 0.3 
µl of the enzyme Taq polymerase (Bio line, 5 U/µl). The PCR conditions 
were: 94°C for 3 minutes, 94°C for 30 seconds, 56°C for 30s, 60°C for 
60s, 40 cycles and the final extension at 60oc for 3 minutes and then 
held at 4°C. From the final volume of 30 µl, the nested PCR consisted 
of 1µl of the outer PCR products, 1x PCR product, (Roche) 1.5 Mm 
MgCl2, 200 µM (deoxynucleotide triphosphate) dNTP mixtures, 100 

nm each of CRTD1 (5’TGTGCTCATGTTTAAACTT3’) and CRTD2 
(5’CAAAACTATAGTTACCAATTTTG3’) and 0.3 µl of Taq 
polymerase (Bioline, 5U/µl). 

The PCR amplification for Pfmdr-1 gene was processed as 
follows: in an approximate reaction volume of 30 µl, the outer 
PCR consisted of 1x PCR buffer manufactured by Roche, 
1.5 Mm MgCl2, 200 µM dNTP mix, 100 nm each MDR/A1 
(5’GCGCGCGTTGAACAAAAAGAGTACCGCTG3’) and MDR/
A3 (5’GGGCCCTCGTACCAATTCCTGAACTCAC3’) and 0.3 µl of 
Taq polymerase 5 U/µl manufactured by Bioline. The total mixtures 
were topped up to the approximate volume of 50 µl with nuclear-free 
PCR water. The conditions for the PCR were as follows; 94°C for 3 
minutes, 94°C for 1 minute, 72°C for 1 minute, 40 cycles with the final 
extension at 72°C for 3 minutes the halted at 4°C. In approximately 
30 µl final volume, the nested PCR consisted of 1 µl of outer PCR, 
1x PCR buffer manufactured by Roche, 1.5 Mm MgCl2, 200 µl of 
dNTP each of MDR/A2 (5’TTTACCGTTTAAATGTTTACCTGC3’) 
and MDR/A4 (5’CCATCTTGATAAAAAACATTTCT3’) and 0.3 
µl of the Taq polymerase manufactured by Bioline 5 U/µ. This was 
followed by topping up the mixture to a volume of approximately 50 
µl with nuclease-free PCR water. After that, the conditions were set as 
follows; 94°C for 3 minutes, 94°C for 30 s, 45°C for 1 minute, 72°C 
for 1 minute, 40 cycles while final extension at 72°C for 3 minutes and 
finally at 4°C.

Restrictive digest of Pfcrt and Pfmdr-1 genes 

The allele-specific restriction analysis for the Pfcrt gene was done 
using restriction endonuclease Apo1 as per the New England Bio Labs 
protocol. The allele for specific restriction analysis for Pfmdr-1 gene 
was processed using restriction endonuclease AflIII manufactured by 
the New England Bio Labs. In an approximate volume of 20 µl, 1.5 
µl of 10x buffer 3, 0.15 µl of bovine serum antigen, 8 µl of amplified 
DNA, and 0.5 µl of AflIII of the restrictive endonuclease were added 
to 9.85 µl of nuclease-free PCR water. This was then incubated for 
14 hours at 50°C without agitation while the digested samples were 
analyzed using 1.5% agarose gel manufactured by Bioline in TAE 
buffer and process as for the pfcrt gene.

Results
Demographic characteristics

Of the study population, the mean was 8.30 ± 6.919 while the mean 
weight was 6.55±3.390. According to gender, males were 43 (56.6%) 
while 33 (43.4%) were females. The geometric mean of microscopic 
parasite count on day 0 (before treatment) was 133,960 parasites/µl 
(95% CI: 2152.66-4545.65), day 1 was 1,664 parasites/µl (95% CI: 
540-2788) while on day 2, there were no parasites up to day 28 among 
all the children.

Prevalence of pfcrt and pfmdr-1 mutants

In addition to CQ resistant analysis based on the presence of K76T 
mutation in Pfcrt gene, CQ resistant analyzed using Restrictive Length 
Fragment Polymorphism where D6 and W2 clones were used as 
positive and negative controls respectively. The D6 control gave two 
fragments of 99 and 46 bp as expected while the W2 was resistant to 
digestion. These controls were characterized as either mutant or wild-
type.

Using this characterization, out of the 76 samples digested with ApoI 
enzyme, 76.3% (95% CI: 0.668–0.833) were CQ sensitive, while 
23.7% (95% CI: 0.167–0.332) were resistant to digestion and thus CQ 
resistant as shown in Figure 1. In the case of mixed samples harboring 
both resistant and sensitive clones, ApoI digestion was expected to 
yield three fragments 145, 99 and 46 bp in length. None of the samples 
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yielded this type of banding pattern thus no mixed samples were 
identified.

For pfmdr-1, all the samples gave the expected 560 bp fragment. 
Digestion was done with Afl3 restriction enzyme using DD2 and 3D7 
as positive and negative controls respectively. Digestion of DD2 clone 
yielded 2 fragments of 227 and 233 base pair fragments as expected, 
while the 3D7 clone was not sensitive to digestion. With the same 
criterion, field samples subjected to digestion were classified as either 
mutant or wild-type. Of the 76 samples digested [Figure 1] 17.1% 
(95% CI 0.109-0.225) were restricted (mutants) while 82.9% (95% CI 
0.745-0.891) were not digested (non-mutants) thus sensitive to CQ.

Discussion
The current study was done to monitor CQ resistant based on the 
detection of point mutations in the pfcrt and pfmdr-1 genes. The results 
showed that the prevalence of pfcrt K76T and the pfmdr-1 N86Y 
mutation was 23.7% and 13.1% respectively. Compared to 1999 when 
the prevalence of the mutant pfcrt allele stood at approximately 100% 
indicating total resistance to CQ in Kenya, the current study recorded 
a significant decline in the frequency of mutant alleles of pfcrt. [3] This 
conflicts with a similar study in Southern India where the prevalence 
of K76T mutation was approximately 40%. [20] However, in the same 
study, the prevalence of pfmdr-1 mutant was similar with 13.33% 
observed in the current study.

Several studies have observed that resistant to CQ is associated with 
point mutation in the Pfmdr-1 gene pointing to a change of an amino 
acid at codon 86, 184, 1034, 1042 and 1246. [23] However, conflicting 
findings have been reported in several studies. For example, in 
Southeast Asian, CQ resistant to P. falciparum have the replacement 
of the amino acid at codon 86 from Asparagine to Tyrosine (N86Y) 

[23] while from South American isolates mutational changes occurred 
at codon 184, 1034, 1042 and 1246. Out t of these, codon 86 seems to 
be the main dominating influence since it is involved in the substrate 
specificity of the gene product (P- glycoprotein) and consequently may 
alter the conveyance movement of the protein. [24,25] 

The decreasing frequency for the pfcrt K76T mutation in the current 
study is consistent with several previous reports from other malaria-
endemic regions in Africa. For example, in Ghana a decline in frequency 
of the pfcrt K76T mutation between 88% to 56% from 2005-2010 was 
observed [7] while in Malawi and Kenya, a reduction from 85% to 13% 
between 1993 and 2000 and from 95% to 60% between 1993-2006 
was observed respectively. [7] The similar decrease in mutant pfcrt 
was reported in several countries such as Senegal and Mozambique. 
However, the prevalence of pfcrt mutant 76T varies in the various parts 
of Kenya. For example, in the present study, the prevalence was 23.7% 
while studies were done in Kilifi, Mwea, Coastal, and Western Kenya, 

the prevalence was 63%, 94%, 63%, and 27.6% respectively. These 
conflicting observations could be due in part to inadequate enforcement 
on the ban of CQ and that CQ is still in use after its official withdrawal 
from Kenya. [3]

However, as to whether the possibility of CQ-sensitive P. falciparum 
returning in malaria-endemic regions after the withdrawal of CQ-
selective pressure is of great interest for malaria control. Several 
studies have observed that pfcrt 76T mutation has been considered 
as the most reliable marker of CQ-resistant. [7] In the present study, 
the high frequency (76.3%) of the wild-type allele of pfcrt K76 was 
observed in P. falciparum isolates from the study population and can 
be used as a marker of CQ resistant. However, a study in Chhattisgarh 
in Central India observed a 22% wild-type CQ sensitive strain of pfcrt 
gene codon K76T in the study population. [26] This finding was found to 
collaborate with recent reports in other parts of India which observed 
that after 6 years of CQ withdrawal the prevalence was between 20-
40%. [26] However, these studies contradict the current study that 
observed a 76.3% of wild-type P. falciparum CQ-sensitive. However, 
despite this contrast differences, both observations appear to agree 
that though the level of sensitivity is different in different part of the 
world, CQ-sensitive P. falciparum strains are slowly returning after 
CQ withdrawal.

The withdrawal of CQ from most African countries, for example, 
Mozambique led to the rapid recovery of CQ sensitive P. falciparum 
increasing the limit fitness cost that accompanied CQ resistant. [27] 
However, the rapid recovery of CQ sensitive strains was not observed 
within the same time frame in other disease-endemic countries such 
as Ghana and Uganda after chloroquine withdrawal. [27] For example, 
a study in Burkina Faso observed that the pfcrt 76T mutation which is 
the main determinant of CQ resistant there was a significant decrease 
of its prevalence as compared to previous studies in Burkina Faso with 
a similarly dramatic decrease was also reported in Malawi. [6] These 
observations agree with the current study which observed a continuous 
decrease of mutant 76T from 100% in 1999 to 23.7% in 2015. This 
“chemo-reversion” can be due to the rapid expansion of susceptible 
parasites strains that survive in semi-immune hosts during the period 
of high chloroquine drug pressure and this phenomenon may be 
accelerated in areas where artemether-lumefantrine in currently in use. [28]

In Nigeria, a study was done to find out the prevalence of pfcrt and 
pfmdr-1 observed that N86 allele was 47.9% while 86Y was 28.3%, 
K76 was 17.4% while the resistant allele 76T was 12.4%. [29] This 
improvement after CQ withdrawal agrees with the present study 
where the wild-types of continuing to show remarkable success and 
that CQ can be used to treat malaria in the near future since pfcrt 
K76 and pfmdr-1 N86 do not confer resistant to CQ. [29] A subsequent 
study conducted in Ethiopia found that a large proportion of the study 
population (81.4%) carried the CQ susceptible pfcrt K76 allele. [30] 
However, these results contradict a previous study in the same country 
with a report of 100% frequency of the mutant 76T. The current study 
where pfcrt K76 stand at 76.3% is therefore in line with 81.4% from 
Ethiopia. This emerging development is important since CQ is cheap, 
safe, well tolerated, long-lasting and easy to prepare molecule. [30]

A study done in Kenya on the trends of established genotypes associated 
with tolerance to clinically important antimalarial drugs for the last two 
decades observed that there was a significant increase in the prevalence 
of pfcrt K76 wild-type allele between 1995 and 2013 from 38% to 
81.7%. [31] In the same study, there was also a significant increase in the 
prevalence of the wild-type pfmdr-1 N86 from 14.6% in 1995 to 66% 
in 2013 and a corresponding decline of the mutant pfmdr-1 86Y from 
43.6% to 0% in 19 years. However, the present study has observed that 
there is an increasing in the prevalence of the pfcrt K76T wild-type 
allele (19.1% in 2006 to 76.3% in 2015) and a decreasing trend for the 

 

76.3%
82.9%
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CQ sensitive
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Figure 1: Prevalence of pfcrt and pfmdr-1 mutants and wild-type in 
the study population.
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pfcrt K76T mutant. This decreasing trend for pfcrt K76T mutation is 
consistent with several studies observed in Tanzania and Madagascar. [7]

In addition, the decline in the prevalence of pfmdr-1 mutation (17.1%) 
is lower than that of pfcrt gene mutation (23.7%) among the study 
population. This observation is similar to other reports describing 
pfmdr-1 and pfcrt polymorphism in P. falciparum isolates collected 
in Malawi. [7] These findings suggest that pfmdr-1 mutation may be 
less deleterious to parasite fitness than the pfcrt mutation even though 
pfmdr-1 mutation can modulate the level of CQ-resistance. These 
results from different studies highlight the importance of continuous 
surveillance using molecular markers as indicators of the therapeutic 
efficacy of antimalarial especially during the changes of malaria 
treatment policy.

In the present study, the swift from CQ-resistant to CQ-sensitive 
strains indicate that the replacement of CQ with Artemisinin 
Combination Therapy (ACT) for the treatment of P. falciparum may 
have resulted into a significant decline of pfcrt and pfmdr-1 mutation 
or CQ-resistant strains in the country. The return to CQ-sensitive 
could also be attributed to the emergence of susceptible strains or a 
new sweep in Africa. [7] Whether or not the CQ-resistant resurgent is 
due to the expansion of surviving CQ-reservoir populations or back 
mutations in the CQ-resistant allele in the study population, more 
studies are necessary. In addition, the possibility of using CQ in future 
as a combination therapy with another short acting drug with different 
pharmacodynamics profile will be an additional antimalarial option.

Conclusion
The current study has indicated an encouraging outcome in the 
prevalence of CQS parasites in the study area. This could be attributed 
to the removal of CQ drug from the hospitals and pharmacies resulting 
in the reduction of drug pressure to sustain CQR P. falciparum strains. 
This study concludes that the tremendous results from this study 
suggest the P. falciparum resistance to CQ is progressively waning 
which is beneficial for drug policymakers in Kenya as CQ is cheaper 
and can have the potential of being incorporated in future with another 
anti-malarial drug. Finally, further research should pay attention to 
cheap and cost-effective methods for continues monitoring of drug 
sensitivity using molecular markers with methods that are accurate and 
precise especially in limited-resource countries.

Strength of the Study
This study has produced encouraging results on the resistant genes 
prevalence of pfcrt and pfmdr-1. Though they are higher than the WHO 
standard of 10% threshold of drug-resistant before banning the drug, 
the results form a baseline study for more studies to be carried out in 
other malaria prone-regions of Kenya.

Limitation of the Study 
The findings obtained cannot be generalized because the sample size 
was from a small geographical area of Kenya. In addition, the study 
recruited a small number of respondents and only those parents 
consented were included in the study. However, the study was able 
to achieve its objectives of determining the status of chloroquine 
sensitivity and prevalence of CQ-resistant genes by use of molecular 
markers.
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