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Summary

Most countries in resource-poor, malaria-endemic greatly extend the coverage of resistance monitoring.
areas lack current and comprehensive information on Malawi, the first African country to change from
antimalarial drug efficacy, resulting in sub-optimal  chloroquine to sulfadoxine/pyrimethamine at the national
antimalarial treatment policies. Many African countries  level, serves as a case study for resistance monitoring and
continue to use chloroquine despite very high rates of evidence-based antimalarial policies. Molecularjn vitro
resistance, and others have changed policies based onand in vivo studies demonstrate that chloroquine-sensitive
limited data, with mixed success. Methods for measuring parasites reemerged and now predominate in Malawi
antimalarial drug efficacy and resistance includein vivo  after it switched from chloroquine to sulfadoxine/
studies of clinical efficacy and parasitological resistance, pyrimethamine. This raises the intriguing possibility of
in vitro susceptibility assays and molecular markers for rotating antimalarial drugs.
resistance to some drugs. These methods have the
potential to be used in an integrated fashion to provide Key words: Plasmodium falciparum drug resistance, PfCRT,
timely information that is useful to policy makers, and the  dihydrofolate reductase, dihydropteroate synthase, chloroquine,
combined use ofin vivo and molecular surveys could sulfadoxine/pyrimethamine.

Introduction

While we wait for a malaria vaccine, case management withlso reduce malaria transmission and spread of resistance
prompt and effective treatment remains the mainstay of malartarough their gametocytocidal properties (Price et al., 1996;
control (Winstanley, 2000), and chloroquine has been by faxosten et al., 2000). However, some safety concerns persist
the most important and successful drug used to treat falciparuabout this class of drugs, and their eventual cost is uncertain,
malaria (Wellems and Plowe, 2001). Chloroquine-resistargo it is prudent to consider other drugs suitable for combination
falciparum malaria has been associated with large increasestirerapy.
morbidity and mortality due to malaria (Greenberg et al., 1989; Chlorproguanil-dapsone (also known as Lapudrine™-—
Trape et al., 1998). dapsone or LapDap) is an antifolate combination similar to

A consensus has begun to emerge that the developmentsafifadoxine/pyrimethamine (SP) but for two important
drug-resistant malaria should be delayed through a stratedgatures: (1) it is rapidly eliminated and therefore exerts less
of routinely employing combinations of drugs (White et al.,selective pressure for resistance-conferring parasite mutations
1999; Nosten and Brasseur, 2002), as is done with HIV antthan does SP (Winstanley et al., 1997; Nzila et al., 2000b) and
tuberculosis. Despite some obstacles to implementing effecti@) it is active against the SP-resistant forms of the parasite that
combination therapies in Africa (Bloland et al., 2000),are found in Africa (Mutabingwa et al., 2001a,b; Kublin et al.,
programs evaluating the efficacy and effectiveness of ne®002). Moreover, a pediatric course of treatment of LapDap is
combinations are now underway in Africa (von Seidlein et al.estimated to cost $0.15 (Mutabingwa et al., 2001b), making it
2000; Doherty et al., 1999; Adjuik et al., 2002). Among theorders of magnitude less expensive than any marketed
challenges facing combination antimalarial therapy in Africaantimalarial drug other than chloroquine and SP.
are cost and safety issues. However, the present reality is that many African countries

Because of their rapid reduction of parasite biomass and thvath high rates of chloroquine-resistant malaria continue to use
complete absence of documented resistance despite owdrloroquine as their first-line antimalarial, largely due to
2000years of use, the artemisinin derivatives are componentoncerns that alternative drugs are either too expensive or
of many candidate combinations. Artemisinin derivatives mayvould only provide interim solutions. This prolonged state of
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near-paralysis is also exacerbated by a paucity of current asP provided at least a month of prophylaxis against re-
comprehensive information on antimalarial drug efficacy ininfection. However, this study found that despite the rapid
most endemic areas. elimination of LapDap, children treated with this drug did not
have a higher incidence of malaria episodes than those treated
with SP. This is probably because LapDap had higher
In vivo and in vitro methods for measuring drug-resistant  efficacy and thus fewer late recrudescenses leading to
malaria retreatment. In effect, the potential disadvantage of lacking a
In vivo studies remain the gold standard for monitoringlong prophylactic effect due to LapDap’s short half-life was
antimalarial drug efficacy and are the primary source obffset by its better efficacy and possibly by less selection for
information used by policy makers to shape recommendatiorantifolate-resistant parasites. Another recent longitudinal
for malaria chemotherapy and prophylaxis.vivo methods study found fewer treatment episodes in children treated
can be used to measure therapeutic efficacy and/@equentially for one year with artesunate-SP and
parasitological resistance, following protocols published by thamodiaquine—SP than in those treated with SP alone (Dorsey
World Health Organization (1973, 1996). The outcomes oét al., 2002).
these methods are defined in the Appendix. Briefly, therapeutic Although the information gained fronm vivo studies is
efficacy is characterized by early reduction of parasite densitgxactly what is needed to make rational and evidence-based
followed by lack of fever in the presence of recurrent infectionmalaria treatment policies, standard vivo studies remain
Recurrent or persistent infection without fever is considered texpensive and time-consuming, and longitudinal clinical
be an adequate clinical response. Parasitological resistanefficacy trials are even more so. Most countries in malaria-
considers only the presence, absence and level of paras#iedemic areas therefore condimcvivo surveys at only a few
density and does not take into account clinical factors such ages and at infrequent intervals.
fever or signs of severe malaria. There is a high degree of In vitro methods for measuring drug resistance (Nguyen-
concordance between the two methods (Plowe et al., 200Djnh and Payne, 1980) have proven to be even more limited
in press), but both probably overestimate the rate of earlyn scope and suitability for surveillance. They require that
treatment failure/high-level resistance. Changes to improve theenous blood with a high parasite density be quickly frozen or
protocols for monitoring antimalarial therapeutic efficacy haveransported cold to a facility for parasite cultivation, the
been recommended but not yet implemented (World Healtmethods are laborious, and failure to establish primary parasite
Organization, 2002). growth is frequent. Micro-test assays of fresh parasite isolates
These standard methods for measuring antimalarial drugre subject to variation and artifact, and their reliability for
efficacy use a 14-day follow-up period and thus provideifferent drugs varies, with particularly poor results for SP.
information only on short-term efficacy, leading some toWhile more-rigorousn vitro tests of culture-adapted isolates
advocate longitudinal studies of drug efficacy. In addition toare more reproducible, the processes of freezing, thawing
measuring efficacy at ldays, longitudinal studies measure and adaptation to culture also introduce the possibility of
sustained efficacy with repeated use of the same regimen ovalecting sub-populations of parasites, so that the parasites
time and measure incidence of malaria episodes, reflectingtimately assayed may be genetically and phenotypically
how the treatment would hold up under ‘real world unrepresentative of the original parasite population.
conditions. The incidence of treatment episodes is alevertheless,in vitro methods are indispensable for
outcome that is highly relevant to public health policyconfirming and characterizing resistance and for establishing
makers, as it reflects not only the burden of disease but alsmd confirming the molecular mechanisms of resistance.
the utilization of health resources. If a drug has a moderately The limitations ofn vivoandin vitro methods for measuring
impaired ability to eradicate parasites, it may still have higldrug-resistant malaria and the elucidation of molecular
rates of therapeutic efficacy at #ldys but have more late mechanisms of resistance to some antimalarial drugs have led
recrudescenses associated with higher rates of recurrentconsiderable research on molecular markers for resistance.
episodes of symptomatic malaria requiring treatmentWhile development of field-friendly molecular assays has been
Longitudinal studies also permit assessment of howapid, validation and implementation of these assays has
pharmacokinetic properties of drugs affect the incidence ahoved at a slower pace.
treatment episodes.
The first such longitudinal trial of antimalarial drug
efficacy was a double-blind, placebo controlled trial of SP Molecular basis of chloroquine resistance
and LapDap in Kenya and Malawi that compared the Chloroquine resistance irPlasmodium falciparumis
cumulative number of treatment episodes and rates abnferred by mutations in the parasite PfCRT, a putative
treatment failure for SP and LapDap when each drug wasansporter localized to the digestive vacuole (Fidock et al.,
used to treat sequential episodes of malaria over the cour2800b). One mutation, Lys. Thr at codon 76 (76T), was
of one year (Sulo et al., 2002). It was hypothesized thagterfectly associated with vitro resistance in all progeny of a
children receiving SP might have fewer malaria episodes thagenetic cross between chloroquine-sensitive and chloroquine-
those being treated with LapDap because the long half-life g&sistant parental clones and among a set of geographically
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Definitions
Genotype-resistance index (GRI) = prevalence of molecular marker/prevalence of parasitological resistance

Genotype-failure index (GFI) = prevalence of molecular marker/prevalence of therapeutic failure

Application

Measure prevalence of molecular marker
!
Measure prevalence of parasitological resistance and therapeutic failure
i
Calculate GRI and GFI

1
Use molecular surveys to predict prevalence of resistance and failure

1
Measured prevalence of marker/established GRI = predicted prevalence of resistance

Measured prevalence of marker/established GFI = predicted prevalence of failure

Fig. 1. Definitions of genotype-resistance and genotype-failure indices and schema for their subsequent application for safillgnce
resistant malaria and treatment failure.

diverse parasite isolates (Fidock et al., 2000a). The 76Mave been known for several years to be associated with
mutation is always accompanied by a set of othfrt in vitro resistance to these drugs. vitro resistance ofP.
mutations, but the specific set of accompanying mutations falciparumto pyrimethamine and to chlorcycloguanil is due to
different in different geographic regions (Wellems and Plowespecific point mutations ifP. falciparum DHFR, which is
2001). This observation, and the finding that a naturallgencoded by a bi-functional genalhfr-ts also encoding
occurring parasite isolate that harbors the full complement ahymidylate synthase (Peterson et al., 1988, 1990; Cowman et
mutations except 76T is chloroquine sensitive but can bal., 1988; Zolg et al., 1989; Foote et al., 1990).
rendered resistant by the addition of 76T (Fidock et al., 2000b; The dhfr mutations alter the shape of the active site cavity
Sidhu et al., 2002), firmly established the key role of the 76There the DHFR inhibitors bind the enzyme, resulting in
mutation in chloroquine resistanoevitro and suggested that differential binding affinities for the different drugs. A single
the other mutations are necessary to maintain protein functigroint mutation causing a Ses Asnh change at codon 108
(which remains unknown) in the presence of 76T. Several fieldauses pyrimethamine resistance with a only a moderate loss
studies described in a recent review have since confirmed tlé susceptibility to chlorcycloguanil. The addition of Asn
absolute specificity of thpfcrt K76T to clinical chloroquine Ile51 and/or Cys- Arg59 mutations confers higher levels of
resistance (Wellems and Plowe, 2001). pyrimethamine resistance. lle Leu164, when combined with
Polymorphisms ipfmdrl, which encodes the. falciparum  Asn108 and lle51 and/or Arg59, confers high-level resistance
P glycoprotein homologue 1, modulate chloroquine resistande both drugs.
in mutantpfcrt-harboring parasiteis vitro (Reed et al., 2000), Point mutations in the gene encoding DHPS have similarly
although their rolén vivo has yet to be substantiated (Djimde been associated withn vitro resistance to the sulfa drugs
et al.,, 2001a). The mutations most often cited as potentiand sulfones. This geneall{ps-pppk is bi-functional, also
contributors to chloroquine resistance afendrl N86Y and  encoding hydroxymethylpterin pyrophosphokinase. Mutations
D1246Y. associated with decreased susceptibility to sulfas include Ser
- Ala436, Ala - Gly437, Ala- Gly581, and Ser. Phe436
coupled with Ala— Thr/Ser613 (Brooks et al., 1994; Triglia
Molecular basis of antifolate resistance and Cowman, 1994; Wang et al., 1997b; Robson et al., 1992).
Pyrimethamine and chlorcycloguanil (the active metaboliteA Lys - Glu540 DHPS mutation was discovered in Bolivia
of chlorproguanil) bind and inhibit dihydrofolate reductase(Plowe et al., 1997) and also appears to be linkediwititro
(DHFR), and the sulfa drugs (including sulfadoxine andresistance to sulfa drugs (Triglia et al., 1997). Both the DHFR
dapsone) inhibit dihydropteroate synthase (DHPS) by acting @nd DHPS mutations occur in a progressive, step-wise fashion,
analogues op-aminobenzoic acid (PABA), a folate precursorwith higher levels ofin vitro resistance occurring in the
(Foote and Cowman, 1994). Single nucleotide polymorphismgresence of multiple mutations (Plowe et al., 1997; Wang et
in the genes encoding the target enzymes of the antifolate druais, 1997a).
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Molecular markers for resistance Genotype-resistance and genotype-failure indices

These resistance-conferring mutations in parasite genesAlthough the molecular markers for chloroquine and SP
have been unequivocally linked fa vitro resistance, but resistance have been associated vithvivo resistance in
demonstrating clear associations between molecular markersgany field studies, their application as tools for surveillance
and clinical treatment outcomes has been less straightforwartas been challenging, in part because the prevalence rates of
This is due in part to the complexity of analyzing relationshipsnolecular markers for resistance have been found to be higher
between multiple mutations on different genes and théhan the prevalence am vivo drug resistance in nearly all
multinomial treatment outcomes listed in the Appendix and irstudies. This problem was addressed by studies in Mali, a
part because treatment outcomes are affected by factors otlweuntry that uses chloroquine as its first-line antimalarial
than parasite resistance, including the host immune responsgerapy. The investigators calculated ratios between rates of
(Wellems and Plowe, 2001), micronutrient levels (vanthe chloroquine-resistamifcrt genotype and therapeutic and
Hensbroek et al., 1995) and bioavailability andparasitological outcomes adh vivo studies conducted at
pharmacokinetics (Watkins et al., 1990). Neverthelessnultiple sites over three years (Djimde et al.,, 2001b). A
molecular markers are now available that can predict resistangenotype-resistance index (GRI) for each site was calculated
to SP (Kublin et al., 2002) and chloroquine (Djimde et al.py dividing the prevalence of the resistant genotypfer{
2001a) with reasonable reliability. 76T) by the prevalence d@f vivo chloroquine resistance (RI,

In the case of chloroquingfcrt 76T provides a single RIl and RIII) at that site. A genotype-failure index (GFI) was
marker for chloroquine resistance, but establishing markemilarly calculated as the ratio of resistant genotype to
for SP resistance has been more difficult. In one study, prehloroquine therapeutic failure (early and late treatment
treatment DHFR and DHPS genotypes and treatmeritilures) at each site. The Mali studies showed that GRIs and
outcomes from a longitudinal trial of SP and LapDap forGFIs increased dramatically with age, reflecting acquired
uncomplicated falciparum malaria were analyzed using anmunity and a higher proportion of older persons who
standardized system for interpreting PCR results. Theleared parasites with the chloroquine-resistant genotype
presence together of all five DHFR and DHPS mutations thathen treated with chloroquine. This observation has led to the
are found in Africa were strongly associated with SP failuresuggestion that the ability to clear drug-resistant parasites may
and there was a statistical interaction between DHFR anskrve as a good model for protective immunity (Djimde et al.,
DHPS mutations (Kublin et al., 2002). This ‘quintuple mutant’in press).
associated with SP treatment failure was not associated with After controlling for age, both GRIs and GFIs ranged from
LapDap failure. Just two mutations, DHFR Arg59 and DHPSL.6 to 2.8 at all study sites over the three-year period. This
Glu540, were over 90% sensitive and specific for the presenstudy introduced the intriguing possibility that the ratios
of all five DHFR and DHPS mutations. It is likely, but not yetbetween the prevalence rates of resistant genotypegand
proven, that DHFR and DHPS mutations that are widespreadvo outcomes may remain stable over time even as rates of
in Southeast Asia and South America would cause resistanbeth change, and that once these ratios, or indices, are
to LapDap, but the critical mutations are either rare (DHP®stablished, molecular surveys could be used to predict
A581G) or absent (DHFR 1164L) in surveys of clinical vivo treatment outcomes on a much broader scale than is
samples in Africa. possible using standand vivo efficacy studies. Where GRIs

Mutations inpfmdrl (Price et al., 1999) anpffcrt (Cooper and GFls have been established and validated, it should be
et al., 2002) have been found in laboratory studies to bgossible to collect finger-stick filter paper blood samples
associated with changes in susceptibility to artemisinimoutinely at outlying health facilities and to transport these
derivatives, but thesm vitro differences are not associated samples at ambient temperature to a central laboratory where
with clinical failure, and clinical resistance has yet to bethe prevalence of the molecular marker can be quickly
documented for this class of drug. Markers for resistance tassessed for each site. Predictions of rates of resistance and
most other antimalarial drugs are lacking because mechanisi@lure will be somewhat imprecise but still useful. For
of resistance are not yet understood at the molecular levexample, in Mali it is now possible to measure the
Molecular markers are beginning to be applied as tools fgorevalence ofpfcrt 76T and predictin vivo chloroquine
surveillance for SP and chloroquine resistance but are, &ilure and resistance rates of approximately half of the
present, still primarily used as research tools. Moleculaprevalence of the molecular marker. At the very least,
markers can provide direct and convincing evidence ofolecular surveys can be used to target the scarce resources
selection for resistant parasites by antimalarial drug treatmentquired to condudh vivo studies: sites with very low rates
(Curtis et al., 1998; Diourte et al., 1999; Nzila et al., 2000a¢f resistant genotypes can be safely monitored by periodic
Djimde et al., 2001a) or prophylaxis (Doumbo et al., 2000)molecular surveys, while sites where the prevalence of
Using the prevalence of molecular markers to measureesistance markers is high or rising might warrant
selective pressure provides a means of assessing the abilitycoihfirmatoryin vivo efficacy studies.
different combinations of antimalarial drugs to deter resistance Further studies are needed to validate this model in other
to the drugs for which markers are available. and more varied epidemiological settings and to refine the
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model to determine whether molecular surveys can reliablgovernment health facilities, where it is dispensed without
predict high-level (RIl and RIIl) resistance and earlyprescription. Chloroquine is legally available only by
treatment failures. The stability over time of the indices inprescription, and a national information campaign was
Mali could be attributable to relatively small differenceslargely successful in convincing health practitioners and
among sites and years in the levels of malaria transmissidhe public to accept SP as the standard treatment for
and acquired immunity. Similar studies at sites with muchmalaria. Some other eastern and southern African countries,
higher vs lower malaria transmission intensities or highlyincluding Kenya in 1999 (Shretta et al., 2000), have
seasonalvs year-round transmission might yield very attempted to institute similar changes in national drug policy
different results. One can speculate that just as the indicésthe face of rising chloroquine resistance, with more mixed
increased with age in Mali, they would be higher in settingsesults.
with higher levels of transmission intensity and immunity. Recent studies have found that the cessation of chloroquine
Where transmission is very low, few persons might baise in Malawi was followed by reemergence and
expected to clear chloroquine-resistant parasites when treatptedominance of chloroquine-sensititRe falciparum The
with chloroquine, so the prevalence rataro¥ivoresistance prevalence of the chloroquine-resistaftrt 76T genotype
would approach that gifcrt 76T, yielding very low GRIs and decreased steadily from 85% in 1992 to 13% in 2000 in
GFIls; in a setting of much higher transmission and immunityBlantyre, a large city in central Malawi. In 2001, chloroquine
most people may have enough immunity to clear theseleared 100% of 63 asymptomagc falciparuminfections,
resistant infections, resulting in higher GRIs and GFls eveno isolates were resistant to chloroquinevitro, and no
after adjusting for age. Alternatively, if GRIs and GFls areinfections with the chloroquine-resistapftrt genotype were
found to be similar and stable in such different settings, thdetected (Kublin et al., 2003). This same study found that in
model would be far more useful in that indices would notl999, 92% ofP. falciparuminfections carried this mutation
have to be established in each setting before they could e neighboring Zambia, where chloroquine remains the first-
applied there. line drug. Another study found a 17% prevalencpfoft 76 T
It will also be important to validate this model with otherin 1998 and only 2% in 2000 in a district further north in
antimalarial drugs, most importantly SP. If ratios betweerMalawi (Mita et al., 2003), confirming that the withdrawal of
the prevalence rate of the two mutations that predict thehloroquine from Malawi has resulted in the return of
presence of quintuple DHFR and DHPS mutants and thehloroquine-sensitive falciparum malaria there. This is most
prevalence of SP parasitological resistance and treatmelitely explained by a cost to the fithess of the parasite of
failure are found to be stable after adjusting for age and &e chloroquine resistance-conferrinmcrt mutations and
different sites with different epidemiological characteristics,selection for parasites with wild-tygscrt in the absence of
the GRI and GFI model may provide a good tool for mappinghloroquine drug pressure, although this remains to be
SP resistance. This would be useful not only where SP @emonstrated.
already being employed, to monitor for declining efficacy, These studies provide a rationale for conducting controlled
but where SP is being considered as a replacement ftiials of chloroquine efficacy in areas where chloroquine use
chloroquine. has been substantially reduced for a period of years. If such
trials confirm a return of chloroquine’s clinical efficacy,
governments can consider withdrawing chloroquine and
Monitoring resistance after cessation of drug use switching to other drugs on an interim basis, knowing that
If removing a drug from use were to result in thethey may be able to later reintroduce chloroquine, which
disappearance of parasites resistant to that drug, the possibilisy unparalleled in its safety and low cost. As such
of rotating the limited number of safe, effective and affordablentimalarial drug policy changes are considered and
antimalarial drugs could be considered. Removingmplemented, careful and integrated usdnofivo, in vitro
antimicrobial drug pressure may or may not compromise thand molecular assays for resistance have the potential to
fithess of resistant microorganisms and result in selection @frovide timely and practical information to help guide these
drug-sensitive phenotypes (Levin et al.,, 2000; Enne et alpolicies. Already, molecular surveys have been integrated
2001). Incomplete withdrawal of the drug, cross-resistance timto the National Malaria Control Program in Mali and used
other drugs and compensatory mutations that reduce the caéstprovide timely advice in a malaria epidemic in northern
of resistance to the fitness of the resistant microbe withowali (A. A. Djimde, A. Dolo, S. Diakite, A. Ouattara, C. V.
jeopardizing the resistance itself (Sherman et al., 1996) m&Blowe and O. K. Doumbo, unpublished). Laboratories
allow resistance to persist even after an antimicrobial drug haspable of performing basic molecular assays are well
been withdrawn from use. established in many African countries. The challenge now for
In 1993, Malawi became the first sub-Saharan Africarscientists and policy makers is to work together to exploit
country to switch from chloroquine to the antifolate advances in our understanding of the molecular mechanisms
combination SP as the first-line antimalarial nationwideof drug-resistant malaria in order to make rational and
(Bloland et al.,, 1993). Since 1993, SP has been thimformed decisions about malaria chemotherapy and
only treatment for uncomplicated malaria available inprophylaxis policies.
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Appendix. Definitions ofin vivo therapeutic efficacy and J. E. (1994). Sequence variation of the hydroxymethyldihydropterin
parasitological resistance pyrophosphokinase: dihydropteroate synthase gene in lines of the human
. . malaria parasite Plasmodium falciparum with differing resistance to
Therapeutic efficacy outcomes sulfadoxine Eur. J. Biochem224, 397-405.
Early treatment failure: Cooper, R. A, Ferdig, M. T., Su, X. Z., Ursos, L. M., Mu, J., Nomura, T.,

) ) Fujioka, H., Fidock, D. A., Roepe, P. D. and Wellems, T. §2002).
danger signs or severe malaria on post-treatment days 1, lternative mutations at position 76 of the vacuolar transmembrane protein
or 3. with parasitemia' PfCRT are associated with chloroquine resistance and unique stereospecific

. ’ ° . . . quinine and quinidine responses iRlasmodium falciparum Mol.
axillary temperature of >37.5°C on day 2 with parasitemia ppamacol 61, 35-42.
greater than the day O level; Cowman, A. F., Morry, M. J., Biggs, B. A., Cross, G. A. and Foote, S. J.

ainIary temperature of >37.5°C on day 3in the presence of (1988). Amino acid changes linked to pyrimethamine resistance in the
dihydrofolate reductase-thymidylate synthase gene Rdé&smodium

parasitemia; or falciparum Proc. Natl. Acad. Sci. US85, 9109-9113.
parasitemia on day 3 of >25% of day O level. Curtis, J., Duraisingh, M. T. and Warhurst, D. C. (1998). In vivo selection
for a specific genotype of dihydropteroate synthetase of Plasmodium
Late treatment failure: falciparum by pyrimethamine-sulfadoxine but not chlorproguanil-dapsone

] o . treatmentJ. Infect. Dis.177, 1429-1433.
failure to meet any of the criteria for early treatment failureDiourte, Y., Djimde, A., Doumbo, O. K., Sagara, I., Coulibaly, A., Dicko,

development of danger signs or severe malaria in theA. Diallo, M., Diakite, M., Cortese, J. F. and Plowe, C. V(1999).

. itemia duri d 414 Pyrimethamine-sulfadoxine efficacy and selection for mutations in
presence of parasiteémia during days 4—14; of Plasmodium falciparum dihydrofolate reductase and dihydropteroate

axillary temperature of >37.5°C in the presence of synthase in MaliAm. J. Trop. Med. Hyd0, 475-478.
parasitemia during days 4-14. Djimde, A., Doumbo, O. K., Cortese, J. F., Kayentao, K., Doumbo, S.,
Diourte, Y., Dicko, A., Su, X. Z., Nomura, T., Fidock, D. A. et ak2001a).

. A molecular marker for chloroquine-resistant falciparum maliéav Engl.
Adequate clinical response: J. Med.344, 257-263,

failure to meet any of the criteria of early or late treatmenPiimde, A., Doumbo, O. K., Steketee, R. W. and Plowe, C. (2001b).
failure: Application of a molecular marker for surveillance of chloroquine-resistant

) ) ) ) falciparum malariaLancet358, 890-891.

absence of parasitemia on day 14 irrespective objimde, A. A., Doumbo, O. K., Traore, O., Guindo, A. B., Kayentao, K.,
temperature; or Diourte, Y., Niare-Doumbo, S., Coulibaly, D., Kone, A. K., Cissoko, Y.
et al. (in press). Clearance of drug-resistant parasites as a model for

axillary temperature of <37.5°C irrespective of the presence ;ective immunity in falciparum malariam. J. Trop. Med. Hyg.
of parasitemia. Doherty, J. F., Sadig, A. D., Bayo, L., Alloueche, A., Olliaro, P., Milligan,
P., von Seidlein, L. and Pinder, M.(1999). A randomized safety and
Parasitological resistance outcomes tolerability trial of artesunate plus sulfadoxine-pyrimethamine versus

sulfadoxine-pyrimethamine alone for the treatment of uncomplicated

RIII: no reduction in parasitemia, or reduction to >25% of malaria in Gambian childreffrans. R. Soc. Trop. Med. Hy@B, 543-546.
day O level, by day 3. Dorsey, G., Njama, D., Kamya, M. R., Cattamanchi, A., Kyabayinze, D.,

RIl: reducti . itemia to <25% of dav O | | without Staedke, S. G., Gasasira, A. and Rosenthal, P. J2002).

- réduction In parasitemia to o o day U level withou Sulfadoxine/pyrimethamine alone or with amodiaquine or artesunate for
clearance leading to re-treatment or followed by persistent treatment of uncomplicated malaria: a longitudinal randomisedlIteatet
parasitemia. 360, 2031-2038.

L . . . . .Doumbo, O. K., Kayentao, K., Djimde, A., Cortese, J. F., Diourte, Y.,

RI: initial clearance of parasites indicated by negative thick Konare, A., Kublin, J. G. and Plowe, C. V.(2000). Rapid selection of
smear after day 0, with subsequent positive thick smear by dayplasmodium falciparum dihydrofolate reductase mutants by pyrimethamine
14. prophylaxis.J. Infect. Dis.182 993-996.

o . . Enne, V. I, Livermore, D. M., Stephens, P. and Hall, L. M.(2001).
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