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Abstract

A real-time PCR assay was developed to detect the K76T point mutation Riabmodium falciparumputative chloroquine
resistance transporter gene. The assay was used with malaria positive clinical isolates from Rutshuru in the eastern part of the
Democratic Republic of the Congo (DRC) and from Malawi. The K76 T mutation was found in 52/56 (93%) clinical isolates
from the DRC, where chloroquine resistance is high, but in none of the 12 isolates tested from Malawi where chloroquine is
now rarely used. Sixteen percent of specimens from the DRC had detectable levels of both wild-type and mutant alleles. The
real-time PCR results were compared to results from a nested allele-specific PCR assay and from direct DNA sequencing. Using
allele-specific PCR as the reference method, the new assay is 100% sensitive and specific towards the mutant allele. In addition
to its low per-test cost, the new assay is fast, easily automated, sensitive and well-suited to large-scale epidemiological studies.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction onP. falciparumclinical isolates from both the Demo-
cratic Republic of the Congo where chloroquine was

Malaria kills over 1 million people annuallySth until recently used as a first-line anti-malarial drug and

et al., 2004. Most of the deaths are iRlasmodium where chloroquine resistance is high and from Malawi

falciparuminfected African children. Chloroquine has  where chloroquine is now rarely useluplin et al.,

served as an effective anti-malarial, but the emergence2003; Mita et al., 2008 The isolates were also tested

of chloroquine-resistant parasites has diminished its with an allele-specific nested PCR method and selected

utility (Wellems and Plowe, 2001; Wongsrichanalai samples were directly sequenced.

et al., 2002. The Plasmodium falciparunputative

chloroquine resistance transporter (pfcrt) is a 424

amino-acid transmembrane protein encoded by the 2. Materials and methods

pfcrt gene (accession no. AF495378.1) and is thought

to participate in the malaria parasite’s digestive pro- 2.1. Ethical approvals

cessesarlton et al., 2001l Research suggests that

a single-nucleotide polymorphism (SNP) at codon 76,  Ethical approval was obtained from Institutional

resulting in replacement of threonine for lysine in the Review Boards at the University of North Carolina,

gene product, helps confer chloroquine resistance onthe Programme National de Lutte contre le Paludisme

the parasiteRidock et al., 200D (PNLP) in Kinshasa, Democratic Republic of Congo,
While some studies exploit the K76 T SNP as a di- and The University of Malawi College of Medicine.

rect marker for chloroquine resistandgjifnde et al.,

2001a,b; Jelinek et al., 2002; Maguire et al., 2001 2.2. Specimen collection

others only concede that the mutation is a necessary,

but not sufficient condition for resistandd#yor et al., Eight P. falciparum DNA reference samples
2001; Pillai et al., 200)L At least one study considers (Table ) were provided by MR4 (ATCC, Manassas
the marker of limited useMinayak et al., 2008 De- Virginia). Strains HB3 and W2 were used for assay

spite the controversy, several methods have been de-optimization and mixture analysis. Reference DNA
veloped to detect the K76T SNP. Such methods in- stocks were provided at a 3 pd/concentration and
clude direct sequencindd(nt et al., 2004; Pickard et  were diluted 100-fold in TE buffer prior to use.

al., 2003, restriction-fragment length polymorphism Dried-blood spots (DBS) were prepared from the
analysis Syafruddin et al., 2003 allele-specific PCR  blood ofP. falciparuminfected study participants living
(Contreras et al., 2002; Kyosiimire-Lugemwa et al., in Rutshuru in the Democratic Republic of the Congo
2002; Vinayak et al., 20Q03PCR followed by fluores-  between June and September 2002. Study participants
cence detection with allele-specific molecular beacons had an average age of 28 months in a range of 6-58
(Durand et al., 2002 and melting analysis with sensor months. The average asexual parasitemiawas 1600 par-
probes e Monbrison et al., 20Q3Herein, we report  asites per 200 WBCs in a range of 36—7200. Blood
a B-nuclease real-time PCR (TagM3nassay to de-  was applied to IsoCo&eStix (Schleicher & Schuell,
tectthe K76T pfcrt mutation. The assay was performed 10495015) and dried prior to desiccated storage.

Table 1

Real-time PCR genotype of MR4 DNA reference standards. The wild-type codon 76 is lysine

MRA4# Strain Codon 76 identity (rTime-PCR) Chloroquine phenotype Phenotype reference Accession no.
388 Dd2 Thr Resistant MR4 AF030694.2

390 W2 Thr Resistant MR4

391 FCR3 Thr Resistant Geary et al., 1990

392 K1 Thr Resistant Stocks et al., 2002 AF495378.1

395 V1/S Thr Resistant Muregi et al., 200%

386 3D7 Lys Sensitive Gilberger et al., 2000 AL844506

389 HB3 Lys Sensitive MR4 AF233068.1

396 D10 Lys Sensitive Saliba et al., 1998
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