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Treatment of chloroquine-resistant malaria 

Since its introduction immediately after the second world war chloroquine has 

been the most important antimalarial in the world. Although chloroquine is still 

widely used throughout the tropics, increasing resistance, particularly in the 

potentially lethal malaria parasite Plasmodium falciparum, is seen widely as one of the 

most important current threats to the health of populations throughout the 

malarious tropics.1 In many ways chloroquine is an ideal antimalarial; it is cheap, 

generally well tolerated, and provides an effective treatment in the course of only 

two or three days. Chloroquine is still effective clinicallv in the majority of patients 

in areas where there is low-grade resistance. This is because background immunity 

in patients living in endemic areas contributes significantly to eradication of the 

infection despite reduced susceptibility of the infecting parasites to the drug. In this 

context treatment failures are particularly likely in young children and pregnant 

women, who have less antimalarial immunity. 

Amodiaquine: Although there is cross resistance to amodiaquine, and the related 

Mannich base amopyraquine, both are more active than chloroquine against 

parasites with low levels of resistance.2 The usual dose of amodiaquine is 30 - 35 

mg base/kg given orally in divided doses over 2 - 3 days. Amodiaquine is well 

tolerated by adults and children alike (children often find it more palatable than 

chloroquine). When it was used as a prophylactic amodiaquine was associated with 

an unacceptably high (circa 1 : 2,000) rate of serious skin or liver adverse effects, 

but the incidence of these in treatment use is almost certainly much lower 

(although precise estimates are not available).3 Amodiaquine is used instead of 

chloroquine in parts of Africa and Oceania. It can be used in adults and children. 

There is relatively little information in pregnancy. 

Pyrimethamine/sulfadoxine: The combination of pyrimethamine with a long-

acting sulphonamide (sulfadoxine or sulfalene) is more usually the drug of choice 

to replace chloroquine. It is cheap and very well tolerated. Treatment consists of 
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a single oral dose administration (1.5/90 mg/kg). The drug combination is very 

well tolerated by children, and is considered safe in pregnancy. The excellent 

activity of this combination depends on the synergy between the two components. 

As with amodiaquine prophylactic use is not recommended because of a high 

incidence of adverse reactions, again particularly skin and liver toxicity. The risks of 

these are considerably lower with treatment use. The therapeutic response to 

pyrimethamine/ sulfadoxine is usually slower than that to the aminoquinoline 

compounds.4'5 Resistance is mediated by point mutations in the target enzymes 

(DHFR and DHPS respectively) and resistance has developed rapidly in some 

areas where this drug is deployed. As the rate at which resistance develops is 

proportional to the terminal eUmination half life (pyrimethamine 3 days, 

sulfadoxine 7 days), combinations of shorter-acting anti-folates and sulphones have 

been evaluated as alternatives to which resistance is less likely to develop.6 The 

combination of chlorproguanil and dapsone is more active against parasites with 

low levels of resistance to pyrimethamine/sulfadoxine, and is eliminated more 

rapidly so resistance is likely to progress less rapidly.7 Chlorproguanil-dapsone is 

given in a three-day treatment to semi-immune patients. It is very well tolerated 

and no serious adverse effects have been reported. Approximately 20% of the 

population in East Asia cannot convert chlorproguanil or proguanil to their active 

triazine metabolites because of a genetic polymorphism in the metabolising 

enzyme (CYP 2C19).8 The drugs may be much less effective in these patients. 

Fortunately the prevalence of this genetic polymorphism is much lower in African 

and Caucasian populations. 

Multi-drug resistant falciparum malaria 

Once malaria parasites have developed significant levels of resistance to both 

chloroquine and pyrimethamine/ sulfadoxine the treatment options become 

considerably more expensive. In south-east Asia the drug most widely used for the 
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Treatment of cbloroquine-resistant malaria 

treatment of uncomplicated multi-drug resistant falciparum malaria is mefloquine. 

This is given in doses between 15 - 25mg base/kg. The lower dose may be given as 

a single administration whereas the higher is usually split into two administrations 8 

- 24 hours apart. Mefloquine is reasonably well tolerated in the treatment of acute 

malaria although nausea, vomiting, dysphoria, giddiness, sleep disturbance and 

weakness are reported more commonly than with drugs which do not affect the 

central nervous system. Upper gastrointestinal adverse effects are more common in 

children, whereas central nervous system adverse effects are reported more 

commonly by adults.9,111 Apart from vomiting infants tolerate mefloquine 

reasonably well. Serious neuropsychiatrie reactions comprising seizures, psychosis, 

or encephalopathy occur in between 1 : 200 Caucasian or African patients, and 1 : 

1,000 Asian patients treated. Mefloquine should not be used after severe malaria as 

the incidence of neuropsychiatrie reactions is as high as 1:20 in this small group of 

patients. These neuropsychiatrie reactions are self-limiting and no associated 

fatalities have been reported despite extensive use for over twelve years. 

Mefloquine has a long elimination half-life ( 2 - 3 weeks). Resistance to mefloquine 

has developed in Thailand, where the drug was first deployed. This developed 

within six years despite excellent control of prescribing. In order to protect 

mefloquine from the development of resistance, it is now generally recommended 

that the drug should not be deployed alone, but should be deployed in 

combination with an artemisinin derivative. Either artemisinin itself, or one of the 

two derivatives, artesunate or artemether, may be used. Before resistance has 

developed a single dose of the artemisinin derivative may be all that is required, but 

in areas with established mefloquine resistance, a 12mg/kg course should be given 

over three days (4mg/kg per day).11 

Although there has been some development of quinine resistance in P.faldparum, 

no highly quinine resistant malaria infections have been encountered. Quinine may 

still be relied upon as an antimalarial throughout the world. It is given two or three 

times daily. Unfortunately it is not well tolerated. The symptom complex of 
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cinchonism comprising nausea, vomiting, dysphoria, tinnitus, and high-tone 

deafness is a predictable and unpleasant accompaniment of quinine treatment. As a 

consequence few patients complete the prescribed treatment course, which should 

usually be seven days. The efficacy of quinine is improved if it is combined with 

tetracycline (or doxvcycline) or clindamycin.12'13 Tetracycline should not be given 

to children of 8 years or less, or to pregnant women. Quinine is considered safe in 

all patients although it is painful when given by intramuscular injection (which 

should always be to the anterior thighs, never the buttock) and, as for chloroquine, 

it should never be given by intravenous injection, only by rate-controlled infusion. 

The major adverse effect of quinine in malaria is hypoglycaemia resulting from 

stimulation of pancreatic insulin secretion. This is a particular problem in severe 

malaria, but may develop in pregnant women even in uncomplicated malaria. 

Halofantrine: Halofantrine is slightly more effective than mefloquine against 

resistant falciparum malaria, and is better tolerated, when used for the treatment of 

multi-drug resistant falciparum malaria.14 Unfortunately there is cross resistance of 

mefloquine, and the usually recommended single day treatment (repeated in non

immune patients one week later) is insufficient in areas with multidrug resistant 

P.fakipamm. Halofantrine is very erratically absorbed. Bioavailability is increased 

markedly by food (principally fats). Halofantrine induces predictable 

concentration-related prolongation of ventricular repolarisation (manifested by 

prolongation of the electrocardiogram Q T interval). Thus, although halofantrine is 

very well tolerated, it occasionally causes potentially lethal ventricular 

tachyarrhythmias.15 It should therefore not be used unless patients are known to 

have a normal Q T interval. This requirement for pre-treatment electrocardiograms 

has curtailed its usage. 

The artemisinin derivatives: Artemisinin and its derivatives, artemether, 

artesunate, and dihydroartemisinin are highly effective and well tolerated 
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Treatment of chloroquine-resistant malaria 

antimalarial drugs.16 Artemisinin is approximately five times less potent than 

dihydroartemisinin and its congeners artesunate and artemether. All the drugs are 

available in oral formulations. Artesunate can also be given by intravenous or 

intramuscular injection, and artemether, in an oil-base, by intramuscular injection 

only. These drugs are all rapidly effective, ver)- well tolerated, and also reduce 

Plasmodium falciparum gametocyte carriage (i.e. transmissability). It is generally 

recommended that in the treatment of uncomplicated malaria they should not be 

used alone, unless there are no alternatives, but should be combined with a slower 

acting antimalarial compound for mutual protection against the development of 

resistance.17 The artemisinin derivatives are given once daily and in combination 

with more slowly eliminated drugs have been used in courses between one and 

five days. When combined with doxycycline they should be given over seven days. 

The total dose per treatment is usually 12mg/kg. In severe malaria the artemisinin 

derivatives are at least as effective and are simpler to use compared with 

quinine.18'19 Rectal formulations are under development which may make the 

treatment of severe malaria in rural areas more effective. Locally manufactured 

artemisinin suppositories have proved very effective in the treatment of severe 

malaria in Vietnam.2" They may cause blackwater fever but no other serious 

adverse effects have been described in man. In particular, unlike quinine, they do 

not cause local toxicity, hypotension or hypoglycaemia. 

N e w antimalarials 

Lumefantrine: Lumefantrine (benflumetol) was synthesized originally by the 

Chinese Institute of Military Medical Sciences. It is a synthetic racemic fluorene 

derivative and it conforms to the aryl amino alcohol group of antimalarials such as 

quinine, mefloquine and halofantrine. Lumefantrine has a half-life of 3 to 6 days. 

Its concentrations are influenced by diet, and as for halofantrine and atovaquone, 

its absorption is increased significantly by fat-rich food. A fixed oral combination 
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with artemether has been developed. Clinical studies in China concluded that a 1:6 

artemether to lumefantrine ratio was optimal for antimalarial activity. Each tablet 

contains 20 mg of artemether and 120 mg of lumefantrine. The dose is 1-2 m g / k g 

of artemether plus lumefantrine 6-12 mg/kg. This combination has proved very 

well tolerated and effective.21 In areas with sensitive parasites a four dose regimen 

is given over 48 hours. In multidrug resistant areas a six dose regimen is required. 

Pyronaridine: Pyronaridine is a drug synthesized as an antimalarial in China 

around 1970. In China pvronaridine has been effective against multiple drug 

resistant strains in both in vitro and in vivo studies. It has been generallv very well 

tolerated, and no serious side effects have been reported in relatively small studies 

to date.22 A 28 day cure rate of 88% was reported recently from Thailand, where 

the most drug resistant P.falciparum is prevalent, with a regimen of 1800 mg 

pyronaridine given over a five day period. At present this drug is not generally 

available, and it is envisaged that it will be deployed in combination with one of the 

artemisinin. 

Atovaquone-proguanil: Atovaquone, a hydroxynaphthoquinone, is highly 

effective against P.falciparum, but when used alone recrudescence rates were high.23 

Single-point mutations arise spontaneously in malaria parasites which confer a high 

level of resistance to atovaquone. This drug has now been developed in a fixed 

combination with proguanil (Malarone®). The total dose is 15 mg /kg /day of 

atovaquone plus 8 mg /kg /day of proguanil, given for three days. The combination 

is highly effective, and ven- well tolerated, but there are still concerns that 

resistance will limit its usefulness. The addition of an artemisinin derivative should 

prevent this, but this needs to be further investigated in controlled trials. 
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At an earlier stage of development are artelinic acid, a more water soluble 

intravenous solution than artesunate, WR 250 417, an analogue of proguanil, and 

WR 238 605 (etaquine), an 8-aminoquinoline now undergoing clinical trials. 

Antimalarial combinations 

The concept that resistance could be prevented by combining anti-infective drugs 

with different, and unrelated, loci of action was developed first for anti-tuberculous 

chemotherapy. It is now standard practice for the treatment of tuberculosis, many 

malignancies, and also for the treatment of AIDS. The same basic principles apply 

for the treatment of malaria and there is increasing agreement that in order to 

protect the few antimalarial drugs we have from the inevitable development of 

resistance, it is necessary that combinations should be deployed everywhere.17 

Combinations of artemisinin derivatives with slower acting antimalarial drugs are 

particularly effective because of the large reduction in parasite biomass induced by 

these drugs, and their effects in reducing gametocyte carriage (and therefore 

transmission). Combinations with these drugs are more rapidly and reliably 

effective. The increase in the cost of treatment is offset in the long term by the 

delay in the requirement to change to a more expensive antimalarial drug. 
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