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— SUMMARY

STUDY ON ANTIMALARIAL EFFICACY AND GENETIC
DIVERSITIES OF HUMAN, PARASITES AND MOSQUITOES

Akira Kaneko, MD, DTM&H, PhD
Department of International Affairs and Tropical Medicine

Tokyo Women’s Medical University
Aims of the study

The genetic diversities displayed by human and malaria parasites at different
frequencies in different geographical areas represent a major obstacle for the development
of malaria control strategies including malaria chemotherapy and malaria vaccine. Factors
affecting their distribution patterns include transmission and parasite population
dynamics, human travel and migration patterns, and human behavior.

The islands of the Pacific offer diverse human habitats with a certain diversity of
malaria endemicity. Vanuatu consists of 80 islands in Melanesia. These isolated islands
provide suitable conditions to investigate the relations between the genetic diversities and
the effectiveness of the malaria control strategies.

‘With the overall ultimate aim of contributing to an optimal malaria control strategy on

the islands, the following specific objectives were designed within the present project:

1. To determine and possibly explain the distribution of the CYP2C19 mutations on the
islands of Vanuatu (paper 1), and to investigate possible implications for proguanil

(PG) metabolism and antimalarial efficacy of PG (papers IT & IID.

2. To study the distribution patterns of dihydrofolate reductase (dAfr) mutations in P
falciparum infections and the implications for the efficacy of malaria therapy by

pyrimethamine-sulfadoxine and PG (paper IV).

3. To study the long term effects of temporary mass drug administration (MDA) and
permanent use of permethrin-impregnated bed nets on malaria transmission on an

isolated island (paper V).



Major findings

Al

The frequencies of the cytochrome P450 (CYP) 2C19 mutant alleles are uniformly
greater in populations of Vanuatu than in previous populations surveyed. However
there are differences between populations from different islands. Comparisons of
genetic, 'linguistic and geographic patterns suggest that short range gene flow is
largely responsible for the current distribution of CYP2C19alleles in Vanuatu.
Together with previous studies of nuclear genetic loci of Pacific island populations,
these data predict that the poor metabolizer (PM) genotype is common throughout
Polynesia and Micronesia and may be even more prevalent in western Melanesia than
in Vanuatu. This suggests that the majority of Pacific Islanders metabolize a wide
variety of clinically important drugs to a significantly lower degree than other
geographical populations, e.g. the average Europeans, who have been subject to most

studies on the pharmacological properties of modern drugs.

Our data in malaria patients demonstrate an association between CYP2C19
mutations and poor metabolism of PG to cycloguanil (CG), a strong DHFR inhibitor,
and may suggest a gene dose effect relationship. Mild adverse events (mainly
gastro-intestinal symptoms) were often reported, but the incidence was similar in PMs
vs extensive metabolizers (EMs), although positively correlated with PG

concentrations.

Restricted diversity in the dAfr gene was showed in a total of 140 P, falciparum cases
on 4 isolated islands of Vanuatu. All isolates had the same Asn-108 mutation, and all,
except 3 in Gaua, also had Arg-59 mutation, normally associated with moderate
resistance to DHFR-inhibiting drugs. The 3 remaining isolates in Gaua had His-51, a
change not previously reported in the literature. Despite these partly resistant
variants, PS treatment was still highly effective. The restricted diversity of the dafr
gene In unstable malaria endemicity on Vanuatu islands may be at least partly
explained by a loss in heterozygosity of the parasite populations derived from
periodically interrupted transmission and isolation with limited gene flows between

islands.

Mutations in human CYP2(C19 and parasite dhfr genes, related to poor

metabolism of PG and resistance to CG respectively, have both been assumed to be
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associated with poor antimalarial effect by PG. We however observed a high
antimalarial efficacy of PG also in patients with CYP2C19related PM and
dhfrrelated moderate CG resistant genotypes. This suggested that the parent
compound PG has an intrinsic efficacy independent of the metabolite CG, which

may possibly further enable its use also against parasites with dAfr mutations.

E. On Aneityum island with low-to-moderate transmission, we have most probably
interrupted transmission by combining MDA with impregnated bed nets and
achieved sustained and significant gains. Periodic spleen and blood surveys for the
past nine
years have showed complete absence of Plasmodium falciparum after the MDA
and P wvivax from 1996 onwards, with the exception of two instances of
imported infections (one mixed infection in 1993 and one P. vivax infection in
1999), suggesting that malaria can be eliminated if the intervention is conducted
over the whole area of transmission and the risk of importation of malaria is

controlled within a framework of community consent and participation.
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