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Abstract
Malaria, caused mostly by Plasmodium falciparum and P. vivax, remains one

of the most important infectious diseases in the world. Antimalarial drug toxicity
is one side of the risk-benefit equation and is viewed differently depending upon
whether the clinical indication for drug administration is malaria treatment or
prophylaxis. Drug toxicity must be acceptable to patients and cause less harm than
the disease itself. Research that leads to drug registration tends to omit two
important groups who are particularly vulnerable to malaria – very young children
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and pregnant women. Prescribing in pregnancy is a particular problem for
clinicians because the risk-benefit ratio is often very unclear.

The number of antimalarial drugs in use is very small. Despite its decreasing
efficacy against P. falciparum, chloroquine continues to be used widely because
of its low cost and good tolerability. It remains the drug of first choice for treating
P. vivax malaria. Pruritus is a common adverse effect in African patients. As
prophylaxis, chloroquine is usually combined with proguanil. This combination
has good overall tolerability but mouth ulcers and gastrointestinal upset are more
common than with other prophylactic regimens. Sulfadoxine/pyrimethamine is
well tolerated as treatment and when used as intermittent preventive treatment in
pregnant African women. Sulfadoxine/pyrimethamine is no longer used as pro-
phylaxis because it may cause toxic epidermal necrolysis and Stevens Johnson
syndrome. Mefloquine remains a valuable drug for prophylaxis and treatment.
Tolerability is acceptable to most patients and travellers despite the impression
given by the lay press. Dose-related serious neuropsychiatric toxicity can occur;
mefloquine is contraindicated in individuals with a history of epilepsy or psychiat-
ric disease. Quinine is the mainstay for treating severe malaria in many countries.
Cardiovascular or CNS toxicity is rare, but hypoglycaemia may be problematic
and blood glucose levels should be monitored. Halofantrine is unsuitable for
widespread use because of its potential for cardiotoxicity.

There is renewed interest in two old drugs, primaquine and amodiaquine.
Primaquine is being developed as prophylaxis, and amodiaquine, which was
withdrawn from prophylactic use because of neutropenia and hepatitis, is a
potentially good partner drug for artesunate against falciparum malaria. Atova-
quone/proguanil is a new antimalarial combination with good efficacy and tolera-
bility as prophylaxis and treatment. The most important class of drugs that could
have a major impact on malaria control is the artemisinin derivatives. They have
remarkable efficacy and an excellent safety record. They have no identifiable
dose-related adverse effects in humans and only very rarely produce allergic
reactions. Combining an artemisinin derivative with another efficacious anti-
malarial drug is increasingly being viewed as the optimal therapeutic strategy for
malaria.

The estimated annual, global malaria burden is based in the temperate zone is orientated more to-
300–500 million cases.[1] Plasmodium falciparum is wards malaria prevention than treatment and may be
the predominant species and, together with P. vivax, unfamiliar with the clinical assessment of malaria.
accounts for most of the world’s malaria. Approxi- Cost and access to treatment often limit therapeutic
mately 1.5–2.7 million deaths occur annually, most- choices in the tropics; these limitations do not gener-
ly in African children with P. falciparum, the form ally apply in temperate zones. Drug-related toxicity
of malaria that causes severe and complicated dis- and its risk must be balanced against the likely
ease.[2] outcome of malaria treatment or prophylaxis and the

circumstances of clinical practice. In this regard,Clinicians in the tropics and temperate zones may
there are no contraindications to prescribing an ef-view malaria from different perspectives, especially
fective drug that will save a life.regarding the risk-benefit ratio. Malaria is a com-

mon infection in endemic countries where it causes Assessing the risk-benefit ratio is not primarily
considerable morbidity, and is uncommon in tem- the task of busy clinicians, who rely on recommen-
perate zones where it generally falls into the differ- dations by national or international authorities that
ential diagnosis of an imported fever. The physician have reviewed all the pertinent research data. Never-
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theless, clinicians should have an appreciation of nancy. Reluctance by drug manufacturers to test
how these guidelines are produced and of the quality drugs in pregnant women is well known. As a result,
of the research data that has been evaluated. Ran- data in pregnancy often become available because of
domised, controlled trials are the best way to gather accidental exposure or because public health neces-
evidence on the effectiveness of a health interven- sity leads to the use of drugs. Malaria in pregnancy
tion.[3] Open-label trials are subject to investigator poses a significant risk to mother and fetus because
bias especially regarding adverse events and their of high maternal and fetal morbidity and mor-
relationship to the study drugs used. Retrospective tality.[5,6]

studies generally use questionnaires or telephone Antimalarial drug resistance is now a global chal-
interviews. Although subject to recall bias of the lenge that compromises drug efficacy. P. falciparum
interviewees, they still provide good quality evi- is resistant to virtually all of the standard anti-
dence. Case reports are difficult to evaluate but may malarial drugs and chloroquine-resistant P. vivax is
serve as a warning of possible serious or rare emerging.[7] Recommending optimal treatment or
drug-related toxicity. prophylaxis becomes more challenging. Patient

compliance is another important determinant ofAssessing ‘adverse drug reactions’, ‘adverse
drug effectiveness and may be compromised if drugevents’, ‘drug-related toxicity’, ‘side effects’, or
toxicity is unacceptable.[8]‘treatment-emergent symptoms and signs’ is diffi-

Drug treatment policy in most malaria-endemiccult. Standard definitions should be used.[4] Estimat-
countries centres on the use of single agents used ining the risk of drug toxicity is also important but no
sequence once the first-line drug line is failing. Thisstandard system exists to quantify and describe risk.
policy will become unsustainable because of theIn addition, acute malaria is associated with malaise,
limited number of affordable antimalarial drugs, andfever, nausea, vomiting, abdominal pain, anaemia,
the small number of drugs in development. A newand sometimes diarrhoea – all of which could be
therapeutic strategy has been proposed recently,iatrogenic. These symptoms are commonly men-
namely, combining standard or new antimalarialtioned in reports as being possible drug-related ad-
drugs with an artemisinin derivative with the aim ofverse effects, even though they resolve coincident
increasing drug efficacy, reducing transmission, andwith recovery from the infection and are therefore in
retarding the development of resistance.[9] This ap-all probability malaria related.
proach has a similar rationale to the use of multipleOne area of potential confusion for clinicians is
drugs in the treatment of tuberculosis and HIV in-when a drug is ‘absolutely’ or ‘relatively’ contrain-
fection. It has two major implications. Firstly, fordicated, ‘unsuitable’, or ‘can be used with caution’.
drug-related toxicity, will two drugs be more toxicDifferent recommendations by different authorities
than one? Secondly, older drugs whose efficacy hascompound the confusion. Difficulties arise when
been eroded by resistance may be given a new leasedata are insufficient, leaving much room for inter-
of life.pretation. This is a particular challenge when pre-

This article will review the adverse effects of thescribing for pregnant women. By contrast, adequate
widely used antimalarial drugs, the artemisinin de-data allow for recommendations to be made with
rivatives, and other newly introduced drugs.confidence. The clinical indication for the drug is

also a key consideration. A physician who is faced
with a sick, non-immune patient will be more will- 1. Method and Search Strategy
ing to prescribe a more effective but, possibly more
toxic, drug whereas the same physician will be more We used a Medline search (from 1965 to May
guarded if prescribing the same drug for malaria 2003) by using various combinations of the follow-
prophylaxis, especially if there might be a relative ing key words: malaria, drug toxicity, toxicity, side
contraindication to using that drug. effects, adverse effects, tolerability, the name of the

Pregnant women with malaria are a group for individual antimalarial drugs: quinine, chloroquine,
whom the risk-benefit ratio is often unclear. Conse- sulfadoxine/pyrimethamine, primaquine, atova-
quently, clinicians are wary of prescribing in preg- quone/proguanil, amodiaquine, artesunate,
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artemether, and specific clinical diagnoses, e.g. hep- fects include skin depigmentation, whitening of
atitis, rash, toxic erythema, erythema multiforme. scalp hair and eyebrows, hair loss, various rashes

(photoallergic dermatitis, exacerbation of psoriasis,Articles pre-dating Medline were sought from
bullous pemphigoid, exfoliative dermatitis, pustularpublished papers. We wrote to recognised experts to
rash, urticaria, fixed-drug eruption), and eye patho-answer specific queries; their responses have been
logy (see section 2.2).[14-19]cited in the text. The British National Formulary and

WHO publications were used to gain a national and Chloroquine prophylaxis, either alone or in com-
international perspective on prescribing recommen- bination with proguanil, is well tolerated. In one
dations. open-label, prospective study in 384 Scandinavian

travellers, adverse effects associated with chloro-
2. Chloroquine quine plus proguanil were low: nausea (3%), diar-

rhoea (2%), and dizziness (1%); all were considered
Chloroquine has been the standard antimalarial mild.[20] However, larger, retrospective, post-travel

drug for the past 50 years. It was initially deemed studies have recorded considerably higher rates of
too toxic by its German discoverers and shelved reported symptoms. One such study collected data
temporarily. Chloroquine is administered once daily from 145 003 travellers who used several regimens
for the treatment of all species of malaria (10mg while on holiday in Kenya.[21] Non-serious adverse
base/kg on days one and two, 5 mg/kg on day 3). effects were assessed in 89 902 travellers who used
Weekly chloroquine (5mg base/kg) is used for pro- no prophylaxis (n = 4026), chloroquine 300mg
phylaxis either alone or in combination with pro- weekly (n = 3354), chloroquine 600mg weekly (n =
guanil (200mg/day in adults). A fixed-dose combi- 3646), chloroquine + proguanil (n = 20 150),
nation of chloroquine 100mg and proguanil 200mg sulfadoxine/pyrimethamine (n = 8673), and meflo-
is used in some European countries as a daily pro- quine (n = 50 053). Adverse effects were reported
phylactic. Other therapeutic uses of chloroquine in- frequently by recipients of all prophylactic regimens
clude the treatment of amoebic liver abscess, rheu- and by 5.3% of travellers not on prophylaxis. The
matoid arthritis, and systemic or discoid lupus corrected rates (reported rate less 5.3%) were 18.5%
erythematosus. More toxicity is associated with the (chloroquine 300mg), 17.2% (chloroquine 600mg),
higher doses that are used for prolonged periods for 30.1% (chloroquine + proguanil), 11.6% (sulfadox-
rheumatology patients than for prophylactic or ther- ine/pyrimethamine) and 18.7% for mefloquine.
apeutic use in malaria. Overall, some 50% of adverse effects were mild,

36–40% were moderate, and 10–14% were severe.
2.1 Mild and Moderate Adverse Effects

Nausea was the most common adverse effect for all
regimens, reported by 10.8–18.8% of travellers. TheChloroquine is usually well tolerated when used
chloroquine + proguanil group had the highest pro-for treatment or prophylaxis. Commonly reported
portion of travellers who reported symptoms. Thesymptoms include headache, malaise, dizziness,
rates for nausea (18.8%) and for mouth ulcersblurred vision, difficulty focusing, mild gastrointes-
(7.9%), a known adverse effect of proguanil, weretinal upset, and itching.[10] Itching is a particular
the reasons for the overall excess of adverse effectsproblem in dark-skinned patients and affects com-
with this regimen. Dizziness was reported by morepliance.[11,12] Itching is described as a widespread
people taking mefloquine (7.6%) than those takingprickling sensation mostly affecting the palms, soles
chloroquine (5–6%), whereas the opposite trend wasand scalp, which starts within 6–24 hours and may
noted for insomnia. No differences were found be-last for several days. It can be very distressing. Oral
tween regimens for depression and headaches.antihistamine treatment is not usually very effective.

By contrast, in a retrospective study of itching in In a telephone survey of returning British travel-
Thai and Burmese patients with vivax malaria, only lers, the reporting of any adverse effect was similar
1.9% (23/1189) reported itching that was rated as for those taking chloroquine + proguanil (n = 1181)
mild and responded favourably to antihistamine and mefloquine (n = 1214), at approximately
treatment.[13] Less common chloroquine adverse ef- 40%.[22] Most adverse effects were considered ‘trivi-
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al’ and did not interfere with daily activities. Ap- chloroquine results in the slow return of function.[27]

proximately 0.7% (9/1214) of those taking meflo- Irreversible visual impairment resulting from
quine had disabling neuropsychiatric adverse effects chloroquine-induced retinopathy is a well docu-
(defined as interference with daily activities), com- mented complication of long-term, high-dosage
pared with 0.09% (1/1181) of those taking chloro- therapy.[31,32] Retinal monitoring is recommended
quine + proguanil (p = 0.021). Mild gastrointestinal for long-term chloroquine recipients. Cumulative
upset was reported more frequently in the chloro- total doses of chloroquine 1g base/kg bodyweight or
quine + proguanil group: 16.3% versus 12.5% (p = 50–100g total dose (base) have been associated with
0.009). These findings were broadly similar to a retinal damage. Retinopathy has rarely, if ever, re-
postal survey of visitors to South Africa. People sulted from doses recommended for malaria prophy-
taking chloroquine + proguanil reported more gas- laxis.[33] It would be of significant concern only for
trointestinal upset and mouth ulcers, and those tak- those on long-term (>5 years) chloroquine prophy-
ing mefloquine reported more neuropsychiatric ef- laxis. Patients may report temporal scotomas (words
fects.[23] disappear when reading, only one-half of an object

is seen), and misty vision. Retinal signs include aThere has been some experience with the fixed
pale optic disc, arteriolar narrowing, peripheral reti-combination of chloroquine + proguanil in travel-
nal depigmentation, macular oedema, retinal granu-lers.[24] The combination was well tolerated in 194
larity and oedema, and retinal pigmentary changesFrench travellers. Gastrointestinal adverse effects
consisting of a circle of pigmentation and centralwere the most commonly reported, affecting about
pallor, the so called ‘doughnut’ or ‘bull’s eye’ macu-10% of travellers. Non-serious neuropsychiatric ef-
la. Reversible corneal opacities have been reportedfects were reported by 2%, a significantly lower rate
in 30–70% of rheumatology patients within a fewcompared with those taking mefloquine (11.5%; n =
weeks of treatment. Although usually asymptomat-183). Proguanil alone is used occasionally as pro-
ic, some patients report photophobia, visual halosphylaxis. Two studies have assessed its tolerability.
around lights, and blurred vision. Chloroquine re-Mouth ulcers were a particular problem in a cohort
cipients who report impaired vision should be as-study of 470 British soldiers in Belize, affecting
sessed by an ophthalmologist.37% (142/382) of those who took chloroquine +

proguanil and 24% (21/88) of those who took pro- Generalised convulsions have rarely been report-
guanil alone (relative risk [RR] = 1.56 [95% CI ed in travellers who took weekly chloroquine pro-
1.05–2.31]).[25] In a series of Dutch travellers, dizzi- phylaxis. In a case series of four women who devel-
ness and nausea were notable adverse effects com- oped clonic-tonic fits, all had either a previous his-
pared with travellers who took no prophylaxis; inter- tory of fits (tonic-clonic, complex, or absence
estingly, there were no reports of mouth ulcers in the seizures) and/or electroencephalogram (EEG) evi-
103 proguanil recipients.[26] dence of a lowered seizure threshold.[34]

2.2 Severe Adverse Effects 2.3 Overdose Toxicity

Severe toxicity may occur with long-term chloro- Chloroquine has a low safety margin and its toxic
quine usage (e.g. neuromyopathy, retinopathy) or as effects are related closely to the ingested dose. A
an idiosyncratic reaction (e.g. erythema multiforme, one-time dose of 20 mg/kg is considered toxic and
bone-marrow toxicity). These reactions are doses as low as 30 mg/kg have resulted in fatali-
rare.[27-30] ties.[35] A chloroquine dose of 5g was an accurate

The neuromyopathy is characterised by a pro- predictor of a fatal outcome in adults.[36] Severe
gressive weakness and atrophy of proximal muscles clinical features are of rapid onset, occurring be-
that may develop after several weeks, months or tween 1–3 hours, and include visual disturbances,
years of chloroquine treatment. There may also be vomiting, hypokalaemia (<3 mmol/L) convulsions,
clinical symptoms and signs (e.g. sensory loss, re- drowsiness, shock, cardiorespiratory arrest, and
duced tendon reflex briskness) and electromy- death. The case fatality rate is 10–30%. Diazepam is
ographic evidence of a neuropathy. Discontinuing a specific antidote. Parenteral chloroquine may

 2004 Adis Data Information BV. All rights reserved. Drug Safety 2004; 27 (1)



Antimalarial Drug Toxicity 31

cause potentially lethal hypotension. It must never psoriasis.[47] The prophylactic dose of chloroquine
be given by intravenous injection. It should be ad- should be reduced in patients with mild or moderate
ministered either as a constant-rate infusion or as renal failure (serum creatinine <700 mol/L) to avoid
small (<5mg base/kg) frequent (4- to 6-hourly) in- drug accumulation.[48] Data are lacking on the opti-
tramuscular or subcutaneous injections.[37] mal chloroquine prophylactic dose in liver impair-

ment. In ‘mild’ liver disease, chloroquine appears to
2.4 Use in Pregnant Women be safe.[49] The British National Formulary (BNF)

‘advises caution’ in patients with porphyria, psoria-There is now considerable clinical experience of
sis, myasthenia gravis, and glucose-6-phosphate de-chloroquine use as treatment and prophylaxis in
hydrogenase (G6PD) deficiency,[46] although therepregnancy. It is considered suitable for use in all
is no convincing evidence that chloroquine causesthree trimesters of pregnancy.[38-41] A recent study of
haemolysis in G6PD-deficient individuals. Chloro-21 children (age range 12 weeks to 10 years) born to
quine is listed as a drug that can be used in patientsmothers with systemic lupus erythematosus or rheu-
with acute porphyria by the Cardiff Porphyria Ser-matoid arthritis who used hydroxychloroquine (n =
vice.[50] Low-dosage chloroquine (e.g. 125mg twice14) or chloroquine (n = 7) during pregnancy provide
weekly) may be used to treat porphyria cutaneafurther reassuring data; both drugs were used for a
tarda by specialists in this field. Chloroquine asmean of 7.2 (range 1–9) months.[42] Detailed slit
prophylaxis and treatment for malaria are contrain-lamp and visual field examinations revealed no oph-
dicated in porphyria cutanea tarda because of thethalmological abnormalities. In another clinical se-
danger of exacerbating skin lesions and precipitat-ries of 35 children born to mothers who used
ing potentially fatal systemic reactions as a resulthydroxychloroquine throughout pregnancy, there
of the mobilisation of large amounts of por-were no congenital abnormalities at birth or evi-
phyrins.[51,52]

dence of developmental delay at 1 year; eight of the
The question of chloroquine exacerbating psoria-35 were also breast fed for 3–6 months post par-

sis has not been answered definitively becausetum.[43] There were no retinal abnormalities detected
psoriasis remits and relapses naturally. There are ain 16 children examined at birth and 1 year later. The
number of published reports of exacerbations offuture role of chloroquine as an antimalarial in preg-
psoriasis coincident with chloroquine as anti-nancy will be determined by the prevalence and
malarial prophylaxis, and chloroquine or hydrox-degree of chloroquine resistance. This limits chloro-
ychloroquine as treatment for rheumatoid and psori-quine use for prevention of P. falciparum but P.
atic arthritis.[14,53-55] Psoriasis should be viewed as avivax remains generally sensitive in most areas.
contraindication to chloroquine prophylaxis but as a
relative contraindication for treatment.2.5 Use in Breast-Feeding Women

3. Sulfadoxine/PyrimethamineChloroquine is excreted into breast milk in small
quantities with a mean half-life of 8.8 days. The Sulfadoxine/pyrimethamine is a fixed-dose com-
dose that a breast-feeding baby would receive was bination that has the advantage of being a one-dose
estimated at 0.7% of the daily, maternal dose, and treatment (25 mg/kg based on sulfadoxine) for P.
4.2% over 9 days.[44,45] Chloroquine can be given to falciparum malaria. Fever resolution is slower than
breast-feeding mothers. with chloroquine or amodiaquine, and resistance has

eroded its efficacy.[7] It is now largely ineffective in2.6 Contraindications and Cautions
many parts of Latin America, and South East Asia,

In practice, the few contraindications to using where P. vivax is also highly resistant. In Thailand it
chloroquine as treatment are known allergy, and had a useful life span of only 5 years before falling
unacceptable toxicity from previous use.[46] As pro- to resistance.[56] Sulfadoxine/pyrimethamine is con-
phylaxis, chloroquine is contraindicated in patients traindicated as prophylaxis because of the risk of
with epilepsy, severe renal disease, and severe hep- serious cutaneous and liver toxicity (see sections
atic disease. The WHO also includes a history of 3.2.1 and 3.2.2).
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3.2.1 Cutaneous ToxicitySulfadoxine/pyrimethamine shares toxicity with
other sulphonamides. There is also cross-sensitivity Sulfadoxine/pyrimethamine has caused erythema
between sulphonamides and other chemically relat- multiforme, Stevens Johnson syndrome, and toxic
ed drugs, e.g. sulphonylureas, thiazides and acetazo- epidermal necrolysis.[61-63] These reactions have
lamide. Rates of mild toxicity associated with been well documented following sulfadoxine/pyri-
sulphonamide treatment are between 10% and 15% methamine weekly as prophylaxis. Consequently,
in non-AIDS patients.[57] A large number and range sulfadoxine/pyrimethamine is no longer recommen-
of adverse effects have been associated with ded for malaria prophylaxis.[64] The estimated risk of
sulphonamide use but their frequencies are general- these severe cutaneous reactions in American travel-
ly not well documented. The following list is pre- lers was 1/5000–1/8000 and of a fatal reaction as 1/
sented to allow an awareness of the range of possible 11 000–1/25 000.[61] Figures from the UK[65] and
sulphonamide-related adverse effects: Sweden[66] were broadly consistent. Risk estimates
• gastrointestinal toxicity: glossitis, stomatitis, of cutaneous toxicity were 1/4900 and 1/10 000,

pancreatitis, melaena, salivary gland enlargement respectively, and 1/11 100 and 1/35 000, respective-
and pseudomembranous colitis ly, for a fatal reaction.[65,66] The case fatality rates in

• skin reactions: itching, urticaria, photosensitivi- these clinical series were high: 29% (American and
ty, cutaneous vasculitis, erythema nodosum, ery- Swedish studies),[64,66] and 50% (British study).[65]

thema multiforme, lichen planus and hair loss In Mozambique there were 22 cases of Stevens
• CNS: dizziness, ataxia, benign intracranial hy- Johnson syndrome with three deaths among 149 000

pertension, aseptic meningitis, hearing loss, tin- persons following the use of sulfadoxine alone for
nitus, reversible peripheral neuropathy mass prophylaxis against cholera, giving a risk of

Stevens Johnson syndrome of 1.5/10 000 and the• haemotological: haemolytic anaemia, mega-
risk of death as 2/100 000.[67] There were 11 fatalloblastic anaemia, agranulocytosis, thrombocy-
cutaneous reactions among 109 485 persons whotopenia
received one or more weekly doses of sulfadoxine as• renal effects: proteinuria, haematuria, acute inter-
prophylaxis against meningococcal disease in Mo-stitial nephritis, crystalluria (see section 3.3)
rocco, a rate of 1/10 000 recipients.[68] Three non-• drug fever[10,46]

fatal cases of Stevens Johnson syndrome were re-• pulmonary eosinophilia.
ported among 480 persons in South Africa given
sulfadoxine as prophylaxis against Streptococcus3.1 Mild and Moderate Adverse Effects
pneumoniae.[69]

In general, adverse reactions are infrequent and
Stevens Johnson syndrome has also been report-mild when sulfadoxine/pyrimethamine is used for

ed in one child following inappropriate, presumptivemalaria treatment. Commonly reported adverse ef-
treatment of malaria.[70] There are no data on the riskfects include gastrointestinal upset (abdominal pain,
of severe skin reactions following sulfadoxine/pyri-nausea, diarrhoea) and headache. Itching was re-
methamine treatment but clinical experience sug-ported by 12% of patients in one treatment trial in
gests that the risk is substantially lower than forAfrica[58] and by 2.1% of Indonesians.[59] In clinical
sulfadoxine/pyrimethamine as prophylaxis. In west-trials sponsored by the WHO/Tropical Disease Re-
ern Kenya, the lack of severe cutaneous toxicitysearch (TDR), sulfadoxine/pyrimethamine was well
seen in young children treated with sulfadoxine/tolerated in 2400 patients, mostly African children.
pyrimethamine suggests that this adverse reaction isThere was no serious toxicity attributed to sulfadox-
likely to be rare in this patient population (B.ine/pyrimethamine.[60]

Nahlen, personal communication). The paediatric
experience from Malawi is similar (M. Molyneux,3.2 Severe Adverse Effects
personal communication). Another serious skin re-

Several severe adverse effects have been docu- action, erythroderma, has been reported following
mented with sulfadoxine/pyrimethamine as prophy- sulfadoxine/pyrimethamine and chloroquine pro-
laxis or treatment. phylaxis and presumptive sulfadoxine/pyri-
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methamine treatment; the erythroderma was thought gests haemolysis is unusual (M. Molyneux, personal
to be a result of the sulfadoxine/pyrimethamine.[71] communication).

A detailed retrospective study from the UK and
3.2.2 Hepatic Toxicity Sweden examined the reported adverse reactions to
Reported sulfadoxine/pyrimethamine-induced ten sulphonamide drugs.[82] A total of 8339 reactions

hepatic toxicity includes liver granulomas, a mixed were reported over 20 years (1968–1988). Of these,
cholestatic-hepatocellular hepatitis, acute hepatic 1272 (15%) were blood dyscrasias, 3737 (45%)
necrosis, and chronic hepatitis.[72-75] The estimated were dermatological, and 578 (7%) were hepatic. Of
risk of serious hepatotoxicity following sulfadoxine/ these, 3525 (42%) were classified as serious. Some
pyrimethamine prophylaxis was 1/11 100 in UK 90% of all blood dyscrasias were serious. The case
travellers.[65] Using data from the US FDA and a fatality rate of any serious reaction was 6.7%. This
US-based pharmaceutical database, Zitelli et al. esti- was highest in patients with white blood cell dyscra-
mated the risk of developing non-fatal hepato- sias (14.3%), followed by skin (9%), and hepatic
toxicity following sulfadoxine/pyrimethamine treat- reactions (4.2%). Sulphonamides with longer elimi-
ment as 1/16 000–1/54 000 sulfadoxine/pyri- nation half-lives (t1/2β) had higher case fatality rates.
methamine exposures.[75] Hepatic reactions can Skin reactions induced by sulfadoxine/pyri-
occur in conjunction with severe cutaneous toxicity. methamine (t1/2β 9 days) had a case fatality rate of

33% compared with 10% for cotrimoxazole
3.2.3 Hypersensitivity Reactions (trimethoprim-sulfamethoxazole; t1/2β 6–12 hours);
Clinically, these reactions may manifest as a corresponding rates for white cell dyscrasias were

systemic vasculitis, cutaneous vasculitis, acute glo- 20% and 11%, respectively. Based on the Swedish
merulonephritis, myocarditis, and various pulmon- data, the estimated rates of any serious
ary reactions, e.g. lung infiltrates, non-cardiogenic sulphonamide-induced reactions were between 9
pulmonary oedema, pulmonary eosinophilia and al- and 33/100 000 short-term recipients (2 weeks), be-
lergic alveolitis.[10,76-78] These severe reactions have tween 53 and 111/100 000 recipients of sulfadoxine/
been documented following sulfadoxine/pyri- pyrimethamine for malaria prophylaxis, and be-
methamine, other sulphonamides and pyri- tween 1744 and 2031/100 000 patients taking con-
methamine alone. Data estimating the risk of devel- tinuous therapy, e.g. sulfadiazine.
oping these reactions are lacking but they appear to
be rare. 3.3 Overdose Toxicity

3.2.4 Haematological Reactions Published data on sulfadoxine/pyrimethamine
Pyrimethamine inhibits dihydrofolate reductase, overdose are scant.[83,84] As a class, sulphonamide

an enzyme essential for folic acid synthesis. Clinical overdoses are characterised by acute gastrointestinal
or subclinical folate deficiency may be exacerbated symptoms (abdominal pain, nausea, severe vomit-
in vulnerable groups, e.g. malnourished children and ing, and haematemesis) and acute CNS effects
pregnant women, and following long-term, high- (within 30 minutes to 2 hours). Initially there is
dose therapy for AIDS-related toxoplasmosis.[79-81] excitability and convulsions, followed by respira-

Reported sulphonamide-induced haematological tory depression, shock, coma, and death. Other toxic
toxicity appears rare but encompasses a broad range effects include bone-marrow depression,
of potential toxicities that include disseminated in- megaloblastic anaemia, glossitis, and crystalluria;
travascular coagulation, hypoprothrombinaemia, the risk of crystalluria with sulfadoxine is minimal
haemolytic-uraemic syndrome, methaemoglobinae- because of its high solubility and very low renal
mia, Coomb’s antibody-positive haemolysis, anti- excretion.[35] There is no specific antidote. Early
body-mediated thrombocytopenia, and eosinophilia. gastric lavage and supportive care are recommen-
Acute haemolysis may occur in G6PD-deficient pa- ded. Sulfadoxine excretion may be increased by
tients. Data are lacking but clinical experience of alkalinisation of urine. Diazepam should be used for
sulfadoxine/pyrimethamine use from Malawi, a the treatment of convulsions and folinic acid 5–15
country of type A- (African) G6PD deficiency, sug- mg/day should be given for at least 3 days for
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marrow rescue. Renal function and routine French woman who delivered a child with severe
haematology should be checked weekly for 4 weeks congenital abnormalities (missing left arm, exteri-
after the overdose. orisation of the abdominal and thoracic organs) who

took chloroquine before and after conception and
3.4 Use in Pregnant Women three doses of dapsone/pyrimethamine after concep-

tion as prophylaxis.[92] The authors thought that theWhere it is still effective, sulfadoxine/pyri-
congenital malformation was related to the dapsone/methamine has an important role in the prevention
pyrimethamine. Sulphonamides are not teratogenicof the deleterious effects of malaria in pregnancy in
in humans.[39] Pyrimethamine use in the past forareas of high malaria transmission, where maternal
mass prophylaxis was not apparently associatedanaemia and low birthweight babies are the two
with congenital abnormalities.[93] In a study ofmain problems. The regimen employed in HIV-
travellers who had been accidentally exposed tonegative mothers is one dose of sulfadoxine/pyri-
sulfadoxine/pyrimethamine or mefloquine as pro-methamine in the second and one dose in the third
phylaxis in the first trimester of pregnancy, the ratestrimester of pregnancy in primigravidae, so-called
of congenital abnormalities were 7.0% (12/172intermittent preventive treatment. Studies from Ke-
[95% CI 3.6–11.9]), and 3.8% (16/421 [95% CInya and Malawi have shown good efficacy in reduc-
2.2–6.1]), respectively.[94] These reported rates ofing placental parasitaemia, and variable effects on
congenital abnormalities were comparable to back-maternal anaemia and low birthweight babies.[85-87]

ground rates and provide some reassurance. Al-HIV seropositivity is associated with higher rates of
though not directly applicable to malaria in preg-maternal and placental parasitaemia in women of all
nancy, the limited published data on the use ofparities.[88] Sulfadoxine/pyrimethamine adminis-
sulfadoxine/pyrimethamine for the treatment oftered monthly to HIV-positive primigravidae and
toxoplasmosis in pregnancy indicate a favourablesecundigravidae was required to achieve com-
outcome for children in terms of a reduction in theparable outcomes to intermittent sulfadoxine/pyri-
severe forms of congenital toxoplasmosis.[95]

methamine in HIV-negative women from western
Kenya.[89] In these studies (total number of women = 3.5 Use in Breast-Feeding Women
3000), sulfadoxine/pyrimethamine was well tolerat-
ed, and there was no difference in reported maternal Both pyrimethamine and sulfadoxine are excret-
adverse events as a function of HIV serological ed into the breast milk.[96] In a study of three women
status. There were no cases of congenital malforma- given concurrent chloroquine and dapsone/pyri-
tion. The proportion of clinically confirmed jaun- methamine, the secretion of all three drugs was low
diced neonates ranged from 0% (n = 1245),[85] to and deemed harmless to the infant.[45] Although
15% (n = 1335).[89] In the latter study, jaundice was sulfadoxine secretion is low it carries the theoretical
not associated with sulfadoxine/pyrimethamine con- risk of precipitating kernicterus in jaundiced and/or
sumption within 30 days of delivery, or the con- premature neonates (by sulphonamide displacement
sumption of at least one dose of sulfadoxine/pyri- of conjugated bilirubin),[90] and haemolysis in
methamine, or detectable sulpha compounds in G6PD-deficient neonates.
maternal urine at delivery. This reassuring outcome Substantial experience of prescribing sulfadox-
is of importance because of the anxiety over the ine/pyrimethamine to breast-feeding women in
theoretical risk of sulphonamide displacement of Malawi has shown that sulfadoxine/pyrimethamine
conjugated bilirubin in utero that might result in the is well tolerated by both mothers and breast-fed
development of kernicterus.[90] infants. Sulfadoxine/pyrimethamine is still given to

Published data on sulfadoxine/pyrimethamine mothers even if the infant is <2 months old or is
use in the first trimester of pregnancy are limited. jaundiced. Acute haemolysis has not been observed
Animal toxicology studies show dose-related toxici- in breast-fed infants (M. Molyneux, personal com-
ty of pyrimethamine in the form of fetal resorption munication). Clinical experience from western Ke-
and growth retardation that were prevented by folic nya also suggests that sulfadoxine/pyrimethamine
acid administration.[91] There is a case report of a use in breast-feeding women has caused no ill ef-
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fects in breast-fed infants (B. Nahlen, personal com- either 15 mg/kg as one dose or preferably a split
munication). There is a need to document carefully dose of 25 mg/kg; the 10 mg/kg dose is given after
the use of sulfadoxine/pyrimethamine in breast- 6–24 hours. The prophylactic dosage is 250mg
feeding women in order to collect more safety data. weekly (adults) and 5 mg/kg for children. Meflo-

quine prophylactic failures should not be treatedThere are insufficient data to make a definitive
with mefloquine or halofantrine because of the riskrecommendation regarding sulfadoxine/pyri-
of increased mefloquine toxicity, and halofantrine-methamine use in breast-feeding mothers. However,
related cardiotoxicity, respectively.[104]given the favourable albeit anecdotal evidence from

Africa, breast-feeding should not be interrupted but
4.1 Treatment-Associated Toxicitymothers should be warned of the possible adverse

effects. Mefloquine is generally well tolerated by malaria
patients.[105] However, in some treatment trials,

3.6 Contraindications and Cautions mefloquine recipients reported a higher rate of cer-
tain adverse effects compared with chloroquineSulfadoxine/pyrimethamine is contraindicated in
(dizziness), halofantrine (nausea, vomiting, fatiguepatients with known allergy to sulphonamides or
and dizziness) and artemether/lumefantrine (nausea,related compounds (e.g. thiazides, see section 3),
vomiting, dizziness, insomnia).[106-109] Comparingacute haemolysis following previous sulphonamide
mefloquine-containing regimens with drugs such asuse, patients with confirmed folate deficiency, se-
artemether/lumefantrine or atovaquone/proguanilvere renal disease, and severe hepatic disease. As a
allows differentiation of drug- and disease-relatedclass, sulphonamides should not be administered to
effects. Thus, of those reporting significant gastroin-neonates aged <6 weeks because of the possible risk
testinal or CNS symptoms, approximately two-of causing haemolysis (as a result of their relative
thirds can be ascribed to mefloquine and one-third toG6PD deficiency) and kernicterus (via displacement
the malaria.of conjugated bilirubin).[90] However, recent data

In a review of mefloquine treatment in 3673from India have shown that the use of cotrimoxazole
patients of all ages living along the Thai-Burmese(trimethoprim-sulfamethoxazole) for neonatal sep-
border, the most important adverse effect was earlysis is not associated with these problems.[97] The
(≤1 hour) drug-induced vomiting,[110] a finding seensame may well apply to sulfadoxine/pyrimethamine.
in other studies. Other important dose-related ad-A review of the pertinent data is needed to see how
verse effects were anorexia, nausea, late vomitingmuch evidence this recommendation is based upon.
and dizziness.Clinicians may use sulfadoxine/pyrimethamine in

Early vomiting can be a particular problem thatyoung neonates if potentially better alternatives are
compromises treatment efficacy even if mefloquineunavailable. As a class, sulphonamides may precipi-
is readministered.[111] Early vomiting is more likelytate acute porphyric crises in individuals with acute
to occur in: (i) sicker patients at presentation (oralporphyria, and should not be used.
temperature >38°C, parasitaemia >10 000/µL); (ii)
patients with a history of vomiting within 24 hours4. Mefloquine
of presentation; (iii) young children (≤6 years); and

Mefloquine, a quinoline methanol with similari- (iv) older adults (>50 years). Children aged ≤2 years
ties to quinine, is effective against the asexual stages had the highest rates of vomiting: 30% (32/106)
of malaria. However, resistance by P. falciparum is with high-dose mefloquine (25 mg/kg), and 20%
present in parts of South East Asia, and parts of the (20/101) with low-dose mefloquine (15 mg/kg).
Amazon region.[98,99] In Africa, reports of meflo- Children aged 3–4 years of age and 5–6 years of age
quine resistance have largely been from in vitro had vomiting rates of 17% and 13%, respectively,
studies and prophylactic failures in non-immune with high-dose mefloquine, and 12% and 5%, re-
travellers.[100,101] Mefloquine is a very effective pro- spectively, with low-dose mefloquine. Vomiting of
phylactic drug when used appropriately.[102,103] The the repeat dose was also a function of age. In the
recommended treatment dose of mefloquine is children aged ≤ 2 years, 14% (high-dose) and 7.5%
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(low-dose) vomited after mefloquine re-administra- minal pain, diarrhoea, myalgia, and arthralgia were
also reported but these symptoms were closely relat-tion. Splitting the mefloquine dose reduced the over-
ed to the malaria and not caused by the mefloquine.all risk of vomiting by 43%. Vomiting was also

reduced 2-fold in patients who received an artemis- Other mefloquine treatment studies have been
inin derivative that was followed by mefloquine on broadly consistent with that of ter Kuile et al.[111] but

some studies have found diarrhoea to be mefloquinethe second day of treatment. These findings were
related.[116] As prophylaxis, mefloquine may cause aconfirmed in another study of children aged <5
variety of mild symptoms that may be masked inyears from the same population.[112] Of 121 recipi-
malaria patients; these include abdominal pain, diar-ents of high-dose mefloquine, 35 (29%) had early
rhoea, headache, dizziness and general malaise.vomiting, and 19/101 (19%) vomited following low-

dose mefloquine. When given together with an
4.2 Neuropsychiatric Toxicity Associated withartemisinin derivative, the risk of early vomiting
Treatment or Prophylaxiswas not increased, whereas delaying the administra-

tion of mefloquine (days 2–4) after the artemisinin Much attention has focused on the neuropsychia-
reduced early vomiting 3-fold (RR = 3.1 [95% CI tric effects of mefloquine. Several reviews have
1.9–5.3]) despite increased mefloquine levels.[113]

summarised the data.[117-119] A neuropsychiatric
However, early vomiting still occurred in 11 of 42 event includes any CNS or psychiatric symptom
children (26%) aged <30 months who received (e.g. headache, dizziness, insomnia, nightmares,
delayed mefloquine even though by then most chil- anxiety) or illness and a serious neuropsychiatric
dren were afebrile and aparasitaemic. Early vomit- event encompasses the following principal diagno-
ing with mefloquine 25 mg/kg was not reduced by ses: convulsions, disturbance of consciousness,
actively reducing body temperature to <38°C with acute confusion, inability to walk unaided because
paracetamol (acetaminophen) and tepid spong- of vertigo or ataxia, psychosis, disorder of affect,
ing.[114] In Malawi, early vomiting occurred in 29% and acute neurosis. Dizziness and anxiety are the
of 56 children aged <5 years treated with meflo- most frequently reported neuropsychiatric adverse
quine 25 mg/kg (single-dose) and 40% of 65 receiv- effects.[120] Predisposing factors are a past history of
ing mefloquine 15 mg/kg. Seven (13%) in the high- neuropsychiatric disorders, recent (within 2 months)
dose group and 5 (8%) in the low-dose group vomit- mefloquine exposure, previous mefloquine-related
ed the repeat dose.[115] Early vomiting was asso- neuropsychiatric adverse effects, and previous treat-
ciated with reduced mefloquine absorption on day 2 ment with psychotropic drugs. It is unclear if a
(blood concentrations <500 µg/L), and an increased family history is a risk factor.
risk of persistent parasitaemia on day 7. Meflo- Published data on treatment-related neurop-
quine-induced early vomiting is a significant clin- sychiatric adverse effects come from some 20 trials,
ical problem when treating malaria in young chil- totalling 25 000 patients, most of whom (21 500) are
dren. ethnic Karen living on the Thai-Burmese border.

ter Kuile et al.[111] also found that high-dose (25 The estimated risks of developing a serious neurop-
mg/kg) mefloquine produced a significant increase sychiatric adverse effect were: (i) 1/200 European
in moderate dizziness (feeling of swaying) and se- travellers; (ii) 1/159 Nigerian patients (n = 303
vere dizziness (inability to walk unaided) in children children, 14 adults); and (iii) 1/1754 treatments in
and adults. Between day 1 and day 3, moderate and the Karen.[121-123] More recent data in the Karen have
severe dizziness increased from 1.6% to 6%, and shown these effects to be dose related: 1/2089
from 0% to 3%, in children, respectively; corre- (mefloquine 15 mg/kg), and 1/1217 (mefloquine 25
sponding figures for adults were 2.6% to 15%, and mg/kg).[117] It is not known why the Karen have a
0% to 5%. Severe dizziness usually lasted 1 day and lower risk of serious neuropsychiatric adverse ef-
had resolved completely within 3 days. Insomnia fects than other groups. The risk of a serious neurop-
was present in 1% (n = 336) on day 0; this propor- sychiatric adverse effect increases substantially if
tion rose to 4.3% after mefloquine 25 mg/kg and mefloquine is used as retreatment for a mefloquine
resolved by day 7. General malaise, headache, abdo- treatment failure or in the recovery stage of severe
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malaria.[124,125] Mefloquine should not be given to bances, increased dream activity and depressed feel-
patients recovering from cerebral malaria. ings.[133] In a double-blind, placebo-controlled,

crossover study of 23 Swiss trainee pilots (mean ageThe data on neuropsychiatric adverse effects
27 years), mefloquine was given as a loading dose,during mefloquine prophylaxis have been collected

in tourists and soldiers using different study designs. followed by weekly administration for 3 weeks.[136]

The larger series have been questionnaire studies of This regimen was well tolerated but one trainee who
returning travellers.[20-23,26,126] Prospective, open-la- reported dizziness, diarrhoea, and flu-like symptoms
bel studies have examined the use of mefloquine during the loading-dose phase was withdrawn from
alone (i.e. without a comparator) and mefloquine the study. There were no significant differences in
versus other regimens.[24,127-130] Placebo-controlled flying performance, psychomotor functions, and
trials have been conducted in Africa and postural sway between the two arms. Poorer sleep
Asia.[102,131-133] Reports to the drug manufacturer quality was reported by the mefloquine recipients,
complement formal trials.[134] Essential points from who had a lower mean reduction in sleep times of 34
these studies are: minutes that was not statistically significant com-
• many (40%) neuropsychiatric adverse effects oc- pared with placebo. Similar findings were reported

cur soon after the first dose and 75% are manifest in another placebo-controlled trial of mefloquine
by the third dose prophylaxis and the effect of alcohol when driving a

• most are of mild or moderate severity and resolve car. There was no impairment of driving in a cohort
completely of young volunteers who had blood levels of alcohol

of between 0.3 and 0.5 mg/mL.[137] In ten volun-• some require medical management including
teers, mefloquine had no effect on audiometry andhospitalisation
vestibular functions assessed using posturography• <2% of patients have sequelae
and nystagmus recording.[138] These data are evi-• women are more likely to experience neurop-
dence of the lack of interference of higher mentalsychiatric adverse effects
function in these cohorts.• mefloquine in soldiers (fit, young men) is well

tolerated, including the loading dose of meflo- Two studies have examined tolerability of long-
quine (250 mg/day for 3 days) term prophylaxis. Mefloquine was well tolerated in

• in prospective studies, mefloquine-related 2289 Dutch marines stationed in Cambodia for 6
neuropsychiatric adverse effects were broadly months; one battalion of 754 was given a loading
similar to other antimalarials or placebo dose of mefloquine.[129] Seven soldiers (0.3%)

• long-term mefloquine prophylaxis is well tolerat- sought medical care for serious adverse events: con-
ed vulsions (n = 2), myoclonus (n = 1), severe dizziness

• the risk of serious neuropsychiatric adverse ef- (n = 2), and skin rash (n = 2). Six changed to
fects during prophylaxis is estimated to be 1/ doxycycline and one was given mefloquine bi-
10 600 for mefloquine and 1/13 600 for chloro- weekly with good effect. By questionnaire, 609
quine. (30.2%) of 2015 reported 820 symptoms chiefly

• In a meta-analysis of controlled trials, meflo- headache, concentration disorders, weakness, dizzi-
quine recipients were more likely to withdraw ness, and nausea. Mefloquine given weekly was also
from studies compared with placebo but not well tolerated by 802 American Peace Corps volun-
when compared with other prophylactic regi- teers, of whom 152 used mefloquine for >1 year.[103]

mens.[135] The reporting of adverse effects by these volunteers
A number of studies have examined psychomotor decreased significantly over time from 44% after 4

function, motor function, action requiring fine co- months’ use to 19% after >1 year of use, suggesting
ordination, and balance and hearing. Boudreau et al. that mild symptoms were well tolerated. Only seven
found no compromise of performance of American (0.9%) stopped prophylaxis because of mefloquine-
soldiers who took weekly mefloquine (preceded by related toxicity. These data show that mefloquine
the loading dose) or chloroquine as prophylaxis tolerability was acceptable over the medium to long
despite more of the former reporting sleep distur- term.
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4.3 Other Adverse Effects ents vs 10/633 (1.6%) quinine recipients (odds ratio
[OR] = 4.72 [95% CI 1.7–12.7]), vs 12/873 (1.4%)

Cutaneous toxicity with mefloquine is rare. In a of women who received other drugs (OR = 5.1 [95%
review of published data from 1983–1997, only 74 CI 2–13.1]). Mefloquine was not associated with an
cases of any skin reaction were reported. These increased risk of abortion, low birthweight, neonatal
reactions included itching, red maculopapular neurological retardation or congenital malforma-
rashes, urticaria, cutaneous vasculitis, exfoliative tions. An earlier prospective, prophylactic study
dermatitis, Stevens Johnson syndrome, toxic epider-

(weekly mefloquine after week 24 of gestation)
mal necrolysis and severe facial lesions. Pruritus

found a nonsignificant increased risk of stillbirth in
(4–10%) and maculopapular rashes (30%) were the

the mefloquine recipients (n = 159) compared with
most commonly reported reactions.[139]

placebo (n = 152): 7% vs 2.6% (RR = 2.63 [95% CI
Mefloquine is not generally associated with

0.86–8.08]).[149] No specific cause of the stillbirth in
cardiovascular toxicity.[116] Reports of sinus brady-

mefloquine recipients could be established. In
cardia and sinus arrhythmia are more likely to be

Malawi, of 1015 evaluable women treated with
related to resolution of malaria, especially in young

mefloquine (750mg, followed by 250mg meflo-
fit individuals. There have been reports of complete

quine weekly), 37 (3.6%) had stillbirths, a rate simi-
atrioventricular block (with mefloquine treat-

lar to chloroquine recipients, 3.8% (119/3132).
ment),[140] atrial flutter with 1 to 1 conduction

Many women reported drug-related adverse effects
(mefloquine prophylaxis),[141] and aberrant atrioven-

(itching, dizziness, gastrointestinal upset); 60% in
tricular conduction (mefloquine prophylaxis).[142]

both groups. Mefloquine recipients were more likely
Acute intravascular haemolysis has been report- to report dizziness but less likely to report itching

ed with malaria treatment in expatriate Europe- (details not given). One mefloquine recipient devel-
ans.[143,144] Agranulocytosis has also been report- oped self-limiting, acute confusion (0.098% [95%
ed.[145] Mefloquine causes transient elevation of CI 0.0–0.55]).[41] The role of mefloquine as an anti-
transaminases but is rarely associated with hepati- malarial treatment in pregnancy should remain
tis.[116,146]

under careful review.

In a postmarketing survey of 1627 women from4.4 Overdose Toxicity
Western countries who had been exposed to meflo-

Published data are confined to a small number of quine as prophylaxis, there were 32 cases of a con-
those taking prophylaxis, some of whom also took genital malformation, and 79 cases of spontaneous
chloroquine and sulfadoxine/pyrimethamine. An abortions. All congenital abnormalities occurred in
acute encephalopathy was a prominent feature.[84,147]

women who had taken mefloquine before becoming
pregnant or within the first trimester of preg-4.5 Use in Pregnant Women
nancy.[152] In a retrospective study of mefloquine

Mefloquine has been used as both prophylaxis prophylaxis in US Servicewomen (n = 72), spontan-
and treatment in pregnant women. Mefloquine pro- eous abortions numbered 12; all occurred between
phylaxis (post first trimester) was highly effective 6–12 weeks of gestation. Excluding women with
and well tolerated in Malawi and on the Thai-Bur- unknown pregnancy (n = 19) and fetal outcomes (n
mese border.[41,148,149] As treatment, most experience = 17), the stillbirth rate was 12/36 = 33.3% (95% CI
comes from western Thailand where increasing 19.5–49.8). There were no congenital abnormali-
mefloquine resistance has necessitated the use of ties.[153] These two studies are open to bias and
combinations with the artemisinin derivatives (see cannot establish definitively a cause and effect rela-
section 9).[150] A retrospective study from this area tionship between mefloquine use and the subsequent
showed that mefloquine treatment at any time development of congenital malformations, abortions
during pregnancy was associated with a higher risk or stillbirths. However, these data raise the possibili-
of stillbirth compared with either quinine monother- ty that mefloquine use in the first trimester of preg-
apy or other antimalarial drugs.[151] The proportions nancy could pose a risk. Therefore, the recommen-
of stillbirths were 9/200 (4.5%) mefloquine recipi- dations that mefloquine prophylaxis should not be
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used in the first trimester and that women should not concentrations; this can be administered by intra-
become pregnant within 3 months of stopping muscular injection (split dose; anterior thigh) or by
mefloquine prophylaxis are still pertinent. intravenous infusion.[156] Quinine must never be giv-

en as a bolus intravenous injection as this may cause
fatal hypotension or cardiac arrhythmias.4.6 Use in Breast-Feeding Women

Mefloquine is excreted into breast milk in small
5.1 Adverse Effectsamounts, the activity of which is unknown.[154] Cir-

cumstantial evidence suggests that adverse effects
Oral quinine in standard dosages (10 mg/kgdo not occur in breast-fed infants whose mothers are

8-hourly) is associated with cinchonism, a constella-taking mefloquine.[155] Mefloquine use on the Thai-
tion of minor but unpleasant adverse effects consist-Burmese border has not been associated with appar-
ing of nausea, headache, tinnitus, mild, high-toneent ill effects in breast-fed infants. (R. McGready,
hearing impairment, dysphoria, and blurred vision.personal communication).
Almost all patients treated with quinine report cin-
chonism.[10] More unpleasant symptoms such as4.7 Contraindications and Cautions
vomiting, abdominal pain, diarrhoea, and vertigo
may also occur. When used in severe malaria, qui-Mefloquine should not be given to patients with
nine commonly causes hyperinsulinaemic hypogly-known allergy to mefloquine or quinine or previous
caemia. Specific adverse effects are mentioned inmefloquine-related serious toxicity. Prophylactic
the following sections.contraindications include: (i) current or past epilep-

sy; (ii) current or past history of psychiatric disease
5.1.1 Eye and Auditory Toxicity(e.g. depression, bipolar affective disorder, any
Ototoxicity is a well-recognised adverse effect ofpsychotic disease, severe anxiety neurosis); (iii) the

quinine. Hearing loss in Thai adults (n = 10) affectedfirst trimester of pregnancy (women should also
the high-tone range, was rapid in onset, not alwaysavoid pregnancy 3 months after mefloquine use);
clinically apparent, and resolved spontaneously.[157]

and (v) severe hepatic disease. The WHO advises
Tinnitus, detected after quinine plasma levels ex-against using mefloquine prophylaxis in certain oc-
ceeded 5 mg/L, was not related to the degree ofcupations that require a high degree of manual dex-
audiogram-measured hearing loss. In a study com-terity and co-ordination, e.g. pilots, coach drivers.[47]

paring healthy volunteers (n = 12) and patients withTreatment contraindications are: (i) epilepsy or psy-
malaria (n = 10), hearing loss was audiometricallychiatric disease (as above); (ii) mefloquine treat-
documented in nine healthy volunteers and all pa-ment within the past 2 months; (iii) after severe
tients. Hearing loss in the volunteers, who receivedmalaria; (iv) pregnant women in the first trimester
quinine 300mg, was more often in the high-frequen-(unless no other choice is available); and (v) concur-
cy range, occurred at a mean total peak concentra-rent halofantrine treatment. Mefloquine should be
tion (Cmax) of 2 mg/L (standard deviation [SD] =used with caution in individuals with cardiac con-
0.5), and was not always clinically manifest. Allduction disorders.
patients, who received quinine 600mg 8-hourly, ex-
perienced ototoxic symptoms. Hearing loss was in5. Quinine
the high- and standard-frequency range, and was
maximal on the third day of treatment. Full recoveryQuinine is used for the treatment of uncomplicat-
of hearing was achieved for both groups.[158]ed, drug-resistant P. falciparum and severe falcipar-

um malaria. As monotherapy, quinine has to be Serious toxicity has been reported very rarely.
given for 7 days to achieve cure but because of its Transient and permanent blindness has been docu-
unpleasant adverse effects, patient adherence is oft- mented in a small number of patients with uncom-
en poor. In the treatment of severe malaria, a loading plicated or severe malaria, most of whom were
dose of 20mg of the dihydrochloride salt/kg of qui- overdosed.[159-161] The incidence in severe malaria is
nine is required to achieve rapidly parasiticidal drug <0.1%.
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5.1.2 Hypoglycaemia dose even with a recent history of mefloquine use.
Hypoglycaemia is a significant adverse effect, There has been a report of an elderly Caucasian

affecting up to 10% of patients with severe malaria woman who died of ventricular fibrillation while
given quinine, and is mediated through a quinine- receiving intravenous quinine. She had a slightly
induced increase in insulin secretion.[162,163] This is prolonged QTc interval on admission that increased
amplified in pregnancy. Profound hypoglycaemia during treatment and was caused by unexpectedly
occurs in 50% of pregnant women with severe mala- high free quinine levels.[172] This case report con-
ria treated with quinine and may be particularly trasts with the extensive use and lack of cardio-
difficult to manage.[164] Typical symptoms may not vascular adverse effects with a quinine loading dose
be clinically obvious in unconscious patients and in randomised, controlled clinical trials enrolling
may be missed if regular blood glucose measure- nearly 2000 patients.[173]

ments are not performed. Hypoglycaemia may cause
5.1.4 Haematological Reactionsa change in behaviour, tachypnoea, convulsions, and
Quinine-induced thrombocytopenia was reporteddeepening coma.[165] Hypoglycaemia also occurs in

in 43 patients in Sweden and 11 from the US over 11pregnant women with uncomplicated falciparum
and 9 years, respectively, making this adverse effectmalaria and has been reported occasionally follow-
very rare.[174,175] Thrombocytopenia has neverthe-ing oral quinine for malaria or leg cramps.[166,167]

less caused fatalities.[176] Thrombocytopenia has al-
5.1.3 Cardiac Effects so been reported following ingestion of tonic water
Quinine should never be given by intravenous water (which contains approximately 80 mg/L of

injection as potentially lethal hypotension may re- quinine).[177,178] Leucopenia and thrombocytopenia
sult from transiently high plasma concentrations in were reported in one patient following quinine use
the distribution phase. Iatrogenic hypotension does for nocturnal cramps.[179] Acute intravascular
not occur with carefully rate-controlled infusions or haemolysis, caused by various mechanisms, has oft-
following intramuscular injection. Quinine may en been labelled ‘blackwater fever’. However, this
cause lengthening of the QTc interval that is mainly clinical picture in the tropics is more often caused by
a result of QRS widening; JT intervals are usually infections or haemolytic drugs (e.g. primaquine)
normal, making quinine less arrhythmogenic than given to patients with G6PD deficiency.[180,181] Qui-
quinidine.[168] Nevertheless, there continues to be nine can cause the haemolytic-uraemic syndrome,
anxiety regarding use of the quinine loading dose in disseminated intravascular coagulation (DIC), and
patients who have previously received quinine or DIC with renal failure.[182-186]

mefloquine. Extensive experience from Thailand
5.1.5 Cutaneous and Hepatic Toxicity

and Vietnam has shown that patients with a history
Various skin reactions are associated with qui-of quinine or mefloquine consumption were not

nine. Pruritus, skin flushing, and urticaria are theadversely affected by the quinine loading dose (N.J.
most common manifestations of quinine hypersensi-White, unpublished observations).[169] Two studies
tivity. Other rashes, reported rarely, have includedhave examined the cardiac interaction of mefloquine
photosensitivity, cutaneous vasculitis, lichen planus,and quinine. In seven human normal volunteers, the
and lichenoid photosensitivity.[187-191] A small num-increase in QTc was similar between quinine and
ber of case reports have documented granulomatousquinine combined with mefloquine. There was a
hepatitis.[192,193]

positive correlation between the increase in QTc and
the total and free quinine concentrations but no 5.2 Toxicity of Intramuscular Quinine
correlation between the QTc interval increase and
the mefloquine concentrations.[170] In 13 malaria- Intramuscular quinine, administered in the anteri-
treated patients, quinine combined with mefloquine or or lateral thigh, is a satisfactory alternative to
produced a modest increase in the QTc interval. No intravenous quinine if venous access is problemat-
patient had a QTc interval >0.5s.[171] These data ic.[194,195] More dilute solutions (e.g. 60 mg/mL) are
show the absence of a clinically significant cardiac less painful than undiluted quinine (300 mg/mL),
interaction and support the use of a quinine loading and less likely to cause sterile abscesses or muscle
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necrosis. One particular serious complication of qui- 5.4 Overdose Toxicity
nine injections is tetanus, a complication known to
Ross in the early 20th century.[196] In a retrospective Quinine overdose produces a wide range of dose-
study from southern Vietnam, Yen et al. reported a related effects.[207-210] Cinchonism is invariable.
higher risk of developing tetanus after intramuscular CNS features include impaired consciousness,
quinine, a higher case fatality rate, and a more rapid coma, and convulsions, especially in children. Toxic
death compared with other causes of tetanus.[197]

amblyopia (visual field defects), blurred vision,
fixed dilated pupils, visual field constriction, altered

5.3 Quinine Pharmacokinetics and Toxicity colour perception, and blindness are the documented
ophthalmic changes. Many patients are left with
some visual impairment and a minority remainQuinine is highly protein bound, principally to
blind. Fundoscopy may be normal or become abnor-α1-glycoprotein.[198] The free (unbound) quinine de-
mal only after blindness is resolving. Signs includetermines its biological effects and accounts for ap-
disc pallor, retinal arteriolar vasospasm, venous di-proximately 10% of the total plasma quinine con-
latation, and retinal and macular oedema. Fluoresce-centration. In uncomplicated malaria, cinchonism is
in angiography may show narrowing of the retinalassociated with a total plasma quinine concentration
arterioles and a slight reduction of capillaries on the>5 mg/L.[199] The mean Cmax quinine concentration
optic disk. The electroretinogram and visual evokedof the 20 mg/kg loading dose in adults with severe
potentials give results consistent with optic nervemalaria is between 15 and 16 mg/L. Despite this,
damage that recover concomitantly with the recov-and levels that may also exceed 20 mg/L, significant
ery of visual acuity.[211,212] Stellate ganglion blocktoxicity is rare due to the increase in α1-glycoprotein
has been tried in the past to relieve blindness butand thus reduced free fraction.[200-203] Defining the
without success.[213] Hyperbaric oxygen showedoptimal dose of quinine in areas of different quinine
promise in two patients with quinine-induced blind-sensitivity has been subject to debate.[204,205] Be-
ness.[214] ECG signs of quinine overdose includecause the risks of undertreatment in severe malaria
sinus tachycardia, prolonged PR interval, bundle(i.e. death) outweigh the very rare serious cardio-
branch block, widening of the QRS complex, in-vascular or nervous system adverse effects, the
creased QTc interval, ST segment depression, andWHO recommends the 20 mg/kg loading dose, irre-
T-wave inversion. Ventricular tachycardia and idi-spective of the local in vitro quinine sensitivities.[165]

oventricular rhythm are usually associated withIn Gambian children aged <2 years with severe
cardiogenic shock. Hypokalaemia, an independentmalaria, the pharmacokinetic profiles of intramuscu-
risk factor for ventricular arrhythmias, may also belar and intravenous quinine (loading dose of 20 mg/
present.kg, then 10 mg/kg 12-hourly) were similar to those

in older children and adults; mean, peak total qui- Defining a lethal dose of quinine is difficult.
nine levels were 16.4 mg/L (intramuscular) and 17.5 Fatalities have occurred after the consumption of
mg/L (intravenous). Free quinine levels at 4 hours 2–8g in previously healthy adults and up to 2.4g in
post-administration ranged from 0.27 to 1.89 mg/L. children.[35] Total, plasma quinine concentrations
There were no cases of quinine-induced hypogly- have varied at the time of patient admission from
caemia but mean glucose levels were significantly <10 mg/L up to approximately 35 mg/L).[207-209]

lower at 4 hours. There were no significant changes Levels >15 mg/L were associated with increased
in the QTc intervals, but there were increases in the risks of visual disturbances and cardiac arrhyth-
QRS intervals at both 2 hours (15.6%) and 4 hours mias.[209] These total plasma concentrations cannot
(17.3%) compared with baseline; these were inde- be extrapolated to malaria because increased plasma
pendent of both total and free quinine levels. These protein binding reduces the free biologically active
changes were not seen in nine children aged 2–10 fraction. Treatment involves supportive measures,
years of age. The authors concluded that very young e.g. inotropes for circulatory failure. Gastric lavage
children may be more susceptible to quinine toxici- is of doubtful value given that vomiting usually
ty.[206] More work is needed in this area. occurs before admission and that quinine is rapidly
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absorbed. Activated charcoal is a useful method of P. falciparum and chloroquine-resistant P.
quinine removal. vivax.[221,222] However, halofantrine resistance and

treatment failures because of poor drug absorption,
5.5 Use in Pregnant and have been reported for P. falciparum in Africa and
Breast-Feeding Women on the Thai-Burmese border.[107,223,224] The dosage

in adults is 500mg 6-hourly for three doses (totalQuinine has been used in the past to induce
first course dose 1500mg), and in children weighingabortions but this resulted in significant maternal
>10kg is 8mg base/kg at 6-hourly intervals for threemorbidity and mortality, and possible congenital
doses. A second course of therapy is recommendedabnormalities of the auditory and optic nerves.[215]

by the manufacturer 1 week after the initial treat-However, evidence for the latter has been strongly
ment in non-immune patients to ensure radical curecontested. The weight of evidence suggests that
of P. falciparum. Halofantrine has several disadvan-therapeutic doses of quinine are relatively safe in
tages that include variable bioavailability, cross-pregnancy, apart from its propensity to cause hypo-
resistance to mefloquine, potentially serious cardi-glycaemia. In the treatment of malaria in late preg-
otoxicity and the impractical second dose for non-nancy, quinine actually reduces uterine contractions
immune patients.by treating the infection which increased uterine

excitability.[164,216-218]
6.1 Mild and Moderate Adverse Effects

Quinine crosses the placenta and is excreted into
breast milk.[219] The mean quinine concentration in Clinical experience has shown that halofantrine
umbilical cord blood and breast milk is about 30% is generally well tolerated. Gastrointestinal adverse
of the maternal concentration. Quinine at therapeu- effects, e.g. nausea, vomiting, abdominal pain and
tic doses is suitable for use in pregnant and breast- diarrhoea, are rare.[225] Hepatic toxicity has been
feeding women. documented in the form of transient rises in liver

transaminases.[226] A variety of symptoms attributa-
5.6 Contraindications and Cautions ble to halofantrine have included convulsions,

cough, pruritus, skin rash, and acute intravascularQuinine should not be given to patients known to
haemolysis; all have been reported rarely.[227-231]

be allergic to quinine or other cinchona alkaloids.
This also includes quinine hypersensitivity to qui-

6.2 Severe Toxicitynine-containing foods and drinks. Relative contrain-
dications include: (i) myasthenia gravis (quinine- The most serious toxicity is cardiac. Halofantrine
induced exacerbation); (ii) optic neuritis; (iii) tinni- has a quinidine-like effect on cardiac muscle that
tus; and (iv) acute haemolysis.[10,46] Quinine should results in slower intracardiac conduction (increased
be used with caution in hepatic disease and in cardi- PR and QRS intervals) and prolonged repolarisation
ac disease, e.g. atrial fibrillation, conduction defects, (increased QTc interval); the latter is a well recog-
heart block. Patients with severe malaria and pro- nised predisposing factor for the development of
longed QTc intervals on admission should be moni- ventricular arrhythmias.[232] It has been associated
tored closely. Important drug interactions with qui- with sudden death. Cardiac toxicity is unpredictable
nine include prochlorperazine,[220] cisapride, antihis- because of the unpredictable absorption of halofan-
tamines and halofantrine (increased QTc interval), trine, which can be increased considerably by fatty
digoxin (increased levels of digoxin), cimetidine food.[233] Significant QTc prolongation occurs at the
(reduced quinine clearance and increased quinine standard and higher dosages (24 mg/kg/day for 3
levels), and rifampicin (increased quinine clear- days) and is directly correlated with halofantrine
ance). serum levels.[234-236] It is more likely to occur with

mefloquine failures that are treated with high-dose6. Halofantrine
halofantrine.[104] Over 20 sudden, unexpected fatali-

Halofantrine, a phenanthrene methanol, is effec- ties have occurred.[237,238] First- and second-degree
tive against the blood forms of chloroquine-resistant heart block have also been documented.[104,234] In a
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clinical series of 42 halofantrine-treated Nigerian normal prior to initiating halofantrine.[241,242] The
children aged between 1 and 11 years of age with WHO does not recommend halofantrine as standby
uncomplicated falciparum malaria, two developed treatment for travellers.[47]

first-degree heart block and one developed Mobitz
7. Atovaquone/Proguaniltype I second-degree heart block. These ECG

changes occurred within 48 hours, resolved after 72
Atovaquone/proguanil is a newly registered drughours, and were not associated with clinical symp-

combination for malaria treatment and prophylaxis.toms.[239] Interestingly, desbutyl-halofantrine, the
Atovaquone is already used to treat Pneumocystismain metabolite, retains antimalarial activity but
carinii pneumonia. Atovaquone/proguanil is activemay lack the cardiotoxicity of halofantrine.[225]

against the blood and developing liver forms of
malaria.[243] The latter is a useful property that al-6.3 Use in Pregnant and
lows prophylaxis to start 1 day before entry into theBreast-Feeding Women
endemic area and finish 1 week after leaving. Atova-

Preclinical studies in rodents have demonstrated quone/proguanil lacks hypnozoite activity; there-
toxicity in terms of increased frequency of post- fore, primaquine is required to achieve radical cure
implantation embryonic death and reduced fetal of vivax or ovale malaria.[244,245] Atovaquone/pro-
bodyweight at dosages >15 mg/kg/day.[240] No tera- guanil as treatment or prophylaxis is highly effective
togenic effects have been reported. Data in pregnant against drug-resistant P. falciparum.[246-251]

and breast-feeding women are lacking and, because The dosage of atovaquone/proguanil treatment in
of these limitations, halofantrine cannot be recom- adults is four tablets (each containing 250mg atova-
mended in these groups. quone/100mg proguanil) daily for 3 days, and one

tablet daily as prophylaxis. Corresponding lower
6.4 Contraindications and Cautions doses, using a paediatric formulation, are given for

children, depending on their weight. There are noHalofantrine is potentially lethal and should not
data available in children weighing <11kg. Atova-be given to patients with a prolonged QTc interval.
quone/proguanil absorption is increased by food andContraindications are: (i) halofantrine allergy; (ii)
it should be taken with food or a milky drink.[252]

pre-existing cardiac disease (e.g. ischaemic heart
disease, beriberi); (iii) congenital prolongation of

7.1 Mild and Moderate Adverse Effectsthe QTc interval (e.g. Romano-Ward syndrome);
(iv) a family history of sudden unexpected death; (v) Atovaquone/proguanil is generally very well tol-
concomitant use of drugs that prolong the QTc inter- erated. Most adverse events that were reported in
val (e.g. tricyclic antidepressants, phenothiazines, clinical trials were attributed to the malaria rather
antihistamines, erythromycin); (vi) mefloquine than the drug. Percentages of patients reporting
treatment within the previous 3 weeks; (vii) preg- symptoms varied widely, between 10% and 65%.
nant and breast-feeding women; and (viii) children Reported symptoms have included anorexia, nausea,
aged <1 year (because of a lack of data). vomiting, abdominal pain, diarrhoea, headache, diz-

ziness, and coughing. The tolerability of atova-6.5 Role of Halofantrine
quone/proguanil as treatment has been similar to

Clinical use is probably restricted to patients with that of other drugs. However, in one treatment trial
drug-resistant falciparum malaria who have no pre- of Thai adults, vomiting occurred in 14 (15.4%) of
existing heart disease, are not on any drugs that can 91 atovaquone/proguanil recipients of whom 13
cause hypokalaemia and/or prolongation of the QTc (14.3%) required retreatment; this compared with 2
interval, and for whom there are no better alterna- of 91 mefloquine recipients, none of whom required
tives.[241] Although the baseline QTc interval ap- retreatment (p < 0.001).[253] Vomiting was also a
pears not to correlate with subsequent halofantrine- frequent symptom in Gabonese adults (33%) and
induced QTc prolongation, some authorities still adult travellers (44%) with falciparum mala-
advise that the baseline QTc interval should be ria.[254,255] Overall, the rates of early vomiting (with-
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in 1 hour) from pooled data were 8% in adults and dence densities of these four symptoms were low at
<1.5 complaints per person-year.[257]11% in children.[256] Vomiting after retreatment was

low (<1%). Atovaquone/proguanil has been asso-
7.2 Severe Adverse Effectsciated with elevation of liver function tests that have

generally resolved within 28 days. Only a small Serious toxicity is rare. Anaphylaxis was report-
number had raised liver function tests beyond this ed in one patient during clinical trials.[256]

time. The greatest effect on liver function tests has
been in European travellers, and adult Thai patients; 7.3 Use in Pregnant Women
the latter may have also been related to the high

The manufacturer states that animal studies re-prevalence of hepatitis B. Overall, toxicity requiring
vealed no teratogenic or embryotoxic effects.[258]

treatment discontinuation is <1%.
There are currently only preliminary pharmacokine-

The two prophylactic studies in travellers com- tic and efficacy data on the use of atovaquone/
pared atovaquone/proguanil with chloroquine + pro- proguanil in pregnancy.[259] Atovaquone/proguanil
guanil[249] or mefloquine.[250] Overall, atovaquone/ cannot be recommended yet; however, it may be
proguanil was better tolerated than either compara- used if no other suitable antimalarial drug is avail-
tor regimen.[249,250] The majority of reported symp- able.
toms were of mild severity in both studies. Gastroin-
testinal symptoms (nausea, vomiting and abdominal 7.4 Use in Breast-Feeding Women
pain) were reported by significantly more of the 511

It is not known whether atovaquone is excretedchloroquine + proguanil recipients (20%) than of the
into human milk. In a rat study, atovaquone concen-511 atovaquone/proguanil recipients (12%; p <
trations in the milk were 30% of the concurrent0.05).[249] Rates of mild/moderate neuropsychiatric
atovaquone concentrations in the maternal plasma.adverse effects (headache, dizziness, abnormal
Proguanil is excreted into human milk in smalldreams) were similar in both groups. One chloro-
quantities. Caution should be exercised whenquine + proguanil recipient had a convulsion. One
atovaquone/proguanil is administered to nursingatovaquone/proguanil recipient developed an ‘aller-
women.[258]

gic reaction’ (details not given) that required with-
drawal from the study. In the atovaquone/proguanil 7.5 Contraindications and Cautions
vs mefloquine study, rates of gastrointestinal symp-

Atovaquone/proguanil should not be used intoms were similar: 16% (n = 493) vs 19% (n =
those with known allergy or severe toxicity to either483).[250] Mefloquine recipients had significantly
drug. Pregnancy is also a relative contraindicationhigher rates of neuropsychiatric symptoms (strange
because of lack of safety data. Atovaquone/pro-vivid dreams, insomnia, dizziness/vertigo, anxiety
guanil should not be used in patients (treatment) orand depression). For both groups, the majority of
travellers (prophylaxis) with severe renal diseaseadverse effects were mild. Moderate (interfered with
(creatinine clearance <30 mL/min). Proguanil alonedaily activity) or severe (medical advice sought)
has caused megaloblastic bone marrow toxicity inadverse effects that were considered drug related
renal failure patients.[260] There are no data on theand resulted in drug discontinuation numbered six
use of atovaquone/proguanil in liver impairment.[258]

(1.2%) in the atovaquone/proguanil group and 24
(4.9%) in the mefloquine group (p = 0.001); 19 of 8. Amodiaquine
the 24 withdrawals were because of neuropsychia-
tric events. In a randomised, placebo-controlled pro- Amodiaquine is structurally similar and cross-
phylaxis trial in Indonesian adults, atovaquone/pro- resistant to chloroquine.[261,262] It is effective against
guanil was well tolerated. Four symptoms (stomati- low-level chloroquine-resistant P. falciparum but
tis, abdominal pain, malaise, and back pain) were not against highly chloroquine-resistant para-
reported more frequently in the atovaquone/pro- sites.[263-265] Amodiaquine had fallen out of favour
guanil group than in the placebo group. The inci- because of its serious toxicity when used as prophy-
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laxis. However, it is becoming increasingly recog- Case reports in the literature have documented
nised that amodiaquine is a useful drug for treating rare neurological problems such as protruding
falciparum malaria in Africa. It is inexpensive, has tongue, intention tremor, excess salivation, and
good tolerability and lacks a bitter taste, an advan- dysarthria in four African patients who were treated
tage for paediatric use.[266] The WHO recommended with amodiaquine.[271] In two patients, these signs
dosage is 10 mg/kg base once daily for 3 days. occurred on re-exposure to amodiaquine. Yellow

pigmentation of skin and mucosae, the development
of corneal and conjunctival inclusion bodies, and

8.1 Mild and Moderate Adverse Effects retinopathy have been reported in one patient fol-
lowing amodiaquine use for 1 year.[272]

The tolerability data from these clinical trials areThe systematic collection of tolerability data on
favourable but more studies are needed to documentamodiaquine has been somewhat thin until recently.
the effect of amodiaquine on the neutrophil count.Amodiaquine alone or combined with oral
More amodiaquine safety data will also need to beartesunate for 3 days was used in 941 children with
collected systematically on the use of repeatuncomplicated falciparum malaria.[267] Tolerability
amodiaquine treatment.was good. Drug-related symptoms were reported by

a small number of children, e.g. 11 (1.2%) had drug-
induced vomiting necessitating alternative treat- 8.2 Severe Adverse Effects
ment, and 8 (0.9%) reported itching. No clinical or
biochemical evidence of hepatic reactions were de- Amodiaquine has caused serious and, in some
tected; indeed, liver function tests improved with cases, fatal liver and bone marrow toxicity in Europ-
disease resolution. There was a decline in the mean ean travellers when used as prophylaxis.[273-275]

absolute neutrophil counts until day 21; thereafter, Agranulocytosis usually developed between 5 and
the mean count increased. By day 28, 9 of 153 14 weeks of prophylaxis and was associated with
children (6%) with paired day 0 to day 28 samples hepatitis in some travellers. Based on UK data, the
had developed neutrophil counts of <1000 mm3. risk of developing agranulocytosis was estimated as
These children were afebrile, asymptomatic, and 1 in 2000 to 2200, with a risk of death of 1 in 31 300,
one had recurrent falciparum parasitaemia.[60] The and 1 in 15 650 for a serious hepatic reaction.[65,273]

natural history and clinical significance of neutro- Amodiaquine had been known to cause neutropenia
penia in these children remains unclear. There are no on rare occasions when used for the treatment of
published studies of the possible cumulative toxicity rheumatoid arthritis but data from this era are limit-
of amodiaquine following repeated use. However, ed.[276] The pathogenesis of amodiaquine-induced
data from a trial in Nigerian children has not demon- hepatitis is unclear but amodiaquine may exert a
strated serious hepatic or haematological reactions direct toxic effect on the liver through production of
(P. Olumese, personal communication). a quinine imino intermediate or may act via IgG

Data from other trials of amodiaquine in combi- anti-amodiaquine antibodies.[277,278] Hepatitis has
nation with sulfadoxine/pyrimethamine or occurred from as early as 3 weeks to as long as 10
artesunate also demonstrate good tolerability.[268,269]

months of amodiaquine prophylaxis. The clinical
In the 3-arm amodiaquine vs sulfadoxine/pyri- features of reported cases have ranged from a mild
methamine vs amodiaquine + sulfadoxine/pyri- transient elevation of liver enzymes with few symp-
methamine study, the total white cell counts were toms, to fulminant hepatitis resulting in slow recov-
stable on day 14 but there was a decline in the mean ery of liver function or death.[275]

neutrophil counts for all three groups.[269] In one
study of healthy volunteers, one woman developed

8.3 Overdose Toxicityan asymptomatic rise in liver function tests follow-
ing two sequential doses of artesunate (day 0),
amodiaquine (day 7), and both drugs together on day Published data are scant. Amodiaquine appears
28.[270] to lack the serious cardiac toxicity of chloroquine.[35]
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Table I. Recommended dosages for use of artemisinin derivatives 

Type of malaria Drug and dosage
Plasmodium falciparum Oral artesunate monotherapy: 4 mg/kg on day 1 followed by 2 mg/kg/day for 6 days (total

dose 16 mg/kg)

Oral artesunate in combination: 4mg/kg/day for 3 days (see section 9.7)

Severe P. falciparum malaria Intravenous artesunate: given daily, starting with 2.4 mg/kg on the first day followed by
1.2 mg/kg/daya

Intramuscular artemether: 3.2 mg/kg on day 1, followed by 1.6 mg/kg/daya

P. vivax The optimal dose has not yet been determined but in general this parasite is more sensitive.
A total dose of artesunate of 10 mg/kg over 5 days rapidly cleared vivax parasitaemia and
proved highly effective in Thai patients[282]

a Parenteral therapy may be followed by an oral artemisinin derivative to complete 7 days of therapy or by another effective
antimalarial drug after at least 3 days of the parenteral artemisinin.

8.4 Use in Pregnant and artemisinin and the route of administration.
Breast-Feeding Women Haematological changes, assessed in 4062 patients,

were neutropenia (but not agranulocytosis) in 52
Published data are lacking. Amodiaquine cannot patients (1.3%), reduced reticulocyte count in 25

be recommended in breast-feeding women at this patients (0.6%), anaemia in eight patients (0.2%),
time. and eosinophilia in 40 patients (1.0%). Acute

haemolysis occurred in seven patients treated with
8.5 Contraindications and Cautions

artemether. An elevated aspartate aminotransferase
occurred in 36/3893 patients (0.9%). ECG abnor-Amodiaquine must not be used as prophylaxis.
malities without clinical effect were reported inKnown allergy contraindicates the use of amodia-
<1.3% of 2638 patients: transient bradycardiaquine. Future use and the documentation of adverse
(1.1%); prolongation of the QTc interval (1.2%);effects will determine other possible contraindica-
and very small numbers of patients with prolongedtions.
PR interval (1st degree atrioventricular block), atrial

9. Artemisinin Derivatives extrasystoles, and nonspecific T-wave changes.
Price et al. have conducted a detailed study of the

The artemisinin derivatives include artesunate,
tolerability of the artemisinin derivatives on the

artemisinin, dihydroartemisinin, artemether and
western border of Thailand.[284] In these prospective

arteether. In the early 1970s, Chinese scientists cha-
studies of uncomplicated falciparum malaria, the

racterised the antimalarial properties of these agents
oral artemisinins were used either as monotherapy

and their excellent tolerability and safety.[279,280] Ex-
(artesunate [n = 630], artemether [n = 206]), or in

tensive experience now exists with their use in
combination with mefloquine (15 or 25 mg/kg) in

South East Asia over the past 15 years and more
2826 patients. The artemisinin derivatives were

recent experience has been gained in Africa and
associated with substantially fewer adverse effects

Latin America.
than the mefloquine-containing regimens: acute

Artemisinin derivatives are currently the most nausea (16% vs 31%), vomiting (11% vs 24%),
active antimalarial drugs and are given once anorexia (34% vs 51%), and dizziness (15% vs
daily.[281] Recommended dosages are given in table 47%). Oral artesunate or artemether alone were very
I. well tolerated. There was no difference in the inci-

dence of possible adverse effects between the two9.1 Reported Adverse Effects
drugs, and no evidence that either derivative caused

A review of published and unpublished studies of allergic reactions, neurological or psychiatric reac-
the artemisinin derivatives (n = 8844) has confirmed tions, or cardiovascular or dermatological toxicity.
the earlier Chinese findings of excellent tolerabili- Acute intravascular haemolysis occurred in three
ty.[283] No serious adverse drug reactions were re- patients treated with mefloquine and artesunate.
ported. Adverse events were independent of the Since these data were published, there have been
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two cases of acute urticaria and anaphylaxis follow- (using a 256Hz tuning fork); (iv) nystagmus; and (v)
ing oral artesunate alone.[285] In total, six patients balance (Romberg’s test). Examinations were car-
have experienced these reactions out of a total of ried out in 1971 patients who received artemether (n
some 17 000, giving an estimated risk for develop- = 307) or artesunate (n = 1664), either as monother-
ing an allergic reaction as 1 in 2833.[285] apy (n = 144) or combined with mefloquine (n =

1693). Neurological examinations were also con-
9.2 On the Question of Neurotoxicity ducted on 134 patients who received mefloquine

alone.Animal studies have documented CNS toxicity
with artemisinin derivates, which has raised the On day 2, six of the 733 patients (0.8%) without
question of whether neurotoxicity might occur in neurological deficit on admission developed neuro-
humans. Dogs that received high doses of intramus- logical signs: heel-toe ataxia (n = 1), positive
cular artemether or arteether developed a peculiar Romberg’s sign (n = 3), both signs (n = 2), nystag-
selective pattern of damage to the brain stem, in mus (n = 1) and impaired finger dexterity (n = 1).
particular the reticular formation, the vestibular sys- They received mefloquine + artemisinin derivatives
tem nuclei, and nuclei related to the auditory system. (n = 1) or an artemisinin derivatives alone (n = 5).
Clinical features included gait disturbances, loss of These signs were significantly associated with dizzi-
spinal and pain response reflexes, and prominent ness (RR = 6.2 [95% CI: 3.1–12]) and resolved
loss of brain stem and eye reflexes, cardiorespirato- within 1 week in all six patients. On day 7, six of 938
ry depression, and death. ECG changes included patients (0.6%) developed new heel-toe ataxia (n =
prolongation of QTc interval and bizarre ST-T seg- 2), a positive Romberg’s sign (n = 1), both signs (n =
ment changes.[286] A similar selective pattern of 2), nystagmus (n = 1), and dizziness, headache and
brain stem pathology was also found in mice, rats weakness (n = 1). All had received mefloquine alone
and Rhesus monkeys given arteether or or in combination. All signs resolved.
artemether.[287,288] In mice, parenteral artemether

There was no association between neurologicalwas more neurotoxic than artesunate, resulting in
symptoms and signs and type or dose of artemisininescalating, irreversible neurological deficits (bal-
derivative. No patient developed deafness, or per-ance) and death with increasing doses.[289] Recent
manent neurological abnormalities. These datastudies have shown that neurotoxicity is determined
show that short-course therapy with the artemisininsby the pharmacokinetic properties of the drugs. Sus-
either alone or in combination with mefloquine wastained CNS exposure from slowly absorbed or elim-
associated with self-limiting, minor neurologicalinated artemisinins is considerably more neurotoxic
deficits in a minority of patients during the first fewthan intermittent brief exposure. Thus intramuscular
days of falciparum malaria.artemether and arteether are more neurotoxic in

Further neurological investigations (clinicalexperimental animals than these drugs given orally,
neurological evaluation, audiometry, and early la-or to artesunate given by any route.
tency auditory-evoked responses) were done in aThere has been one case report of a patient devel-
case-control study of 79 patients with falciparumoping acute cerebellar dysfunction manifest by
malaria. These 79 patients had been treated with ≥2slurred speech, gait ataxia, impaired heel-shin
courses of oral artemether or artesunate within themovement and dysdiadochokinesis after treatment
previous 3 years. They were age- and sex-matchedof falciparum malaria with oral artesunate.[290] The
with 79 controls living in the same area of northwestcause of these signs is unclear but may have been
Thailand. There were no consistent differences inmalaria related.[291] Detailed neurological data
any of these test results between the cases andcomes from Price et al.[284] Neurological examina-
controls.[292] There was also no evidence of neuro-tions were conducted in children aged >5 years of
logical abnormalities in a detailed evaluation ofage at baseline and on days 2, 7, and 28 post-
Vietnamese patients who had received multipletreatment and included tests for: (i) co-ordination
courses of artemisinin derivatives in whom and au-(heel-toe ataxia); (ii) fine finger dexterity (ability to
ditory evoked potentials were measured.[293]pick up a paracetamol 500mg tablet); (iii) hearing
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These data provide no evidence that short course not cause hypoglycaemia. Thus, these drugs are
therapy with the artemisinins either alone, or in considered a good choice for the treatment of severe
combination with mefloquine, are associated with malaria in pregnancy because they are highly effica-
neurotoxicity in man. They support the continued cious, better tolerated, and easier to administer than
use and study of the artemisinin derivatives.[294,295] quinine.[169]

9.5 Use in Breast-Feeding Women9.3 Overdose Toxicity

Published data on the use of the artemisinin de-There have not been any published reports of
rivatives in breast-feeding women are lacking butartemisinin overdose in patients.
experience in Thailand has not shown any apparent
infant toxicity (R. McGready, personal communica-9.4 Use in Pregnant Women
tion).

Published data on the artemisinin derivatives for
9.6 Contraindications and Cautionstreating malaria in pregnancy have come from China

and the Thai-Burmese border.[296-301] A recent study Contraindications are few; namely, documented
of accidental exposure to artesunate and sulfadox- drug allergy. Because animal studies have shown
ine/pyrimethamine in Gambian women in all three embryonic death, artemisinin derivative use in the
trimesters of pregnancy has added more useful first trimester of pregnancy should be restricted to
data.[299] The Chinese data that are reported in En- women with severe malaria or uncomplicated, mul-
glish are brief and report the treatment of 23 women tidrug-resistant P. falciparum for whom there is no
with artemether or artemisinin administered be- safer alternative. The artemisinin derivatives may be
tween 17 and 38 weeks of gestation. These studies used in the second and third trimesters of pregnancy
found no evidence of fetal or maternal toxicity. Most in areas of drug resistance or where other drugs are
of the experience with the artemisinins in pregnancy less effective.
comes from Thailand. A recent publication sum-
marises observational data from various trials. 9.7 Combination Therapy
Artesunate (n = 528) or artemether (n = 11) was used

Combining an artemisinin derivative with currentto treat 539 episodes (461 women) of acute P.
or new antimalarial drugs is becoming increasinglyfalciparum malaria, including 44 episodes in the
accepted as the therapeutic way forward for malaria-first-trimester of pregnancy. The artemisinins were
endemic countries.[302] Extensive use of artesunatewell tolerated with no evidence of adverse effects.
combined with mefloquine on the Thai-BurmeseBirth outcomes did not differ significantly to com-
border has produced consistently high cure ratesmunity rates for abortion, stillbirth, congenital ab-
(>95%) for uncomplicated malaria, and reduced thenormality, and mean gestation at delivery. All new
transmission of P. falciparum.[98] The toxicity ofborns who were followed up for 1 year, developed
artesunate plus mefloquine is the same as meflo-normally, including those who had been exposed to
quine monotherapy. This has also been found withan artemisinin in the first trimester of pregnancy.[301]

artesunate in combination with either sulfadoxine/The Gambian study (n = 287) also failed to show
pyrimethamine or amodiaquine.[267,303,304] There areany obstetric and fetal toxicity compared with
several other artesunate combination studies thatwomen who had not been exposed to artesunate plus
have been conducted and more safety data will besulfadoxine/pyrimethamine.[299] These data are en-
published in the near future.[305]

couraging but more safety data for the artemisinin
derivatives are needed. 10. Artemether/Lumefantrine

There are no published data on the use of
artesunate or artemether for severe malaria in preg- Artemether/lumefantrine is a fixed-dose combi-
nant women although they have been used widely nation of artemether and lumefantrine, a compound
and proved very effective. They have a significant structurally similar to quinine, mefloquine, and
advantage over quinine and quinidine in that they do halofantrine. Artemether/lumefantrine has high effi-
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cacy against falciparum and vivax malaria but has Artemether/lumefantrine may have contributed to
no antihypnozoite activity. only one of the reported serious adverse events – the

development of haemolytic anaemia in a 35-year-Cure rates of P. falciparum with the original
old patient after the drug had been discontinued forfour-dose regimen have generally been high in
13 days.[312]young African children (87–93%) and Indian

adults (95%).[306-309] However, cure rates were inad-
10.3 Use in Pregnant andequate for treating falciparum malaria in travellers
Breast-Feeding Women(82%) and on the Thai-Burmese border

(70–85%).[108,109,310] The six-dose regimen produced There are no published data on the use of
high (>95%) efficacy rates in Thailand,[311] and is artemether/lumefantrine in pregnant or breast-feed-
now generally accepted as the optimum dose every- ing women. More studies are needed. Until data
where. become available, clinicians should only use

artemether/lumefantrine for treating drug-resistant
10.1 Mild and Moderate Adverse Effects falciparum malaria if no other suitable drugs are

available.Experience with artemether/lumefantrine is in-
creasing rapidly. In large scale clinical trials

10.4 Contraindications and Cautionsartemether/lumefantrine was very well tolerated
whether used as four or six doses. Artemether/lume- Artemether/lumefantrine should not be used in
fantrine has been shown to have better tolerability patients with known allergy to either component.
than either mefloquine alone or artesunate plus Until more data become available, artemether/lume-
mefloquine.[108,109] Reported adverse effects have fantrine lumefantrine is not recommended for very
generally been mild and have included gastrointesti- young children although there is no reason to sus-
nal upset (anorexia, nausea, vomiting, abdominal pect there would be any specific problems in infants.
pain and diarrhoea), headache, dizziness, fatigue, It should also not be used in patients with renal and/
sleep disturbance, palpitations, myalgia, arthralgia or hepatic disease. Artemether/lumefantrine may be
(all of which could be disease related), and rash.[312]

used in pregnant and breast-feeding women if no
Because it has a similar structure to mefloquine, other suitable drugs are available given that it is
halofantrine, and quinine, it might be expected that highly effective against multidrug-resistant P. falci-
cardiotoxicity would be a problem. However, de- parum. Clinicians should ideally follow-up such
tailed prospective studies have not demonstrated women to ascertain the outcome of pregnancy and
any cardiotoxicity. In healthy human volunteers and the effects on the breast-fed infant.
patients, there were no clinically significant changes
in the QTc interval and there was no correlation 11. Primaquine
between the QTc intervals and plasma lumefantrine

Primaquine is an 8-aminoquinoline that was in-concentrations.[313,314] Furthermore, in the volun-
troduced over 50 years ago. It has broad but variableteers, there was no clinically relevant difference in
antimalarial activity. Its principal action is againstthe QTc intervals comparing mefloquine or
liver schizonts (causal activity), liver hypnozoites,artemether/lumefantrine alone and when given to-
and gametocytes; there is weak activity againstgether.
asexual forms of P. vivax, P. malariae, and P.
ovale.[315,316]

10.2 Severe Adverse Effects
Primaquine is used primarily to achieve radical

According to the manufacturer, there were 20 cure (complete elimination) of the two relapsing
reported serious adverse in 1869 patients. Nineteen malarias, P. vivax and P. ovale.[317] Because the
of these adverse events could be explained on the sensitivity of P. vivax hypnozoites varies, the opti-
basis of the malarial episode or represented concur- mal regimen against ‘resistant’ or ‘tolerant’ stains
rent illnesses (including severe anaemia in children, has been subject to much debate. In general, tropical
unsatisfactory response, pneumonia, hepatitis). vivax (e.g. Chesson strain from New Guinea) re-
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quires a higher primaquine dosage (30 mg/day) than clinically when the metHb concentration exceeds
temperate vivax (15 mg/day). Standard treatment is 15–20 g/L (around 10% of the normal level of
14 days but 21 days or retreatment is sometimes haemoglobin). Cyanosis is a rare finding – only one
necessary; 5-day regimens are insufficient. Several case was found in 3000 American soldiers receiving
publications have dealt with this issue in de- 15 mg/day for 14 days.[325] MetHb levels of up to
tail.[318-321] 25% are usually well tolerated. With daily prima-

quine administration, the mean metHb level rises
11.1 Mild and Moderate Adverse Effects but there is wide interindividual variation. MetHb

levels exceeding 10% with primaquine dosages of
Primaquine is generally well tolerated when used 15 or 22.5 mg/day are unusual; levels of 16–18%

for radical cure, for the eradication of gametocytes were found in three of 46 (6.5%) Australian
(e.g. adult dose of 45mg base stat), and as daily soldiers.[326] Cohen et al. described six American
prophylaxis (30mg base daily adult dose – taken soldiers (including one pair of twins) who developed
with food). cyanosis following weekly prophylaxis with chloro-

quine (300mg), primaquine (45mg), and dapsone11.1.1 Gastrointestinal Adverse Effects
(25mg).[327] Their measured metHb levels wereGastrointestinal toxicity is dose related and im-
20–32%. All had nicotinamide adenine dinucleotideproved by taking primaquine with food.[322] Abdo-
(NADH) metHb reductase deficiency, an autosomalminal pain and/or cramps are commonly reported
recessive disorder. In vitro work showed that allwhen taken on an empty stomach. Primaquine at a
three drugs had the potential to produce metHb indosage of 15 mg/day resulted in mild abdominal
red cells taken from these subjects. The authorspain in 3% of American Caucasian individuals, a
concluded that this drug combination probably hadrate similar to placebo. This increased with an in-
an additive effect in producing cyanosis, a similarcrease in dosage to 12% (22.5 mg/day), 10% (30
finding to a later study examining primaquine andmg/day), including 3% who developed epigastric
chloroquine.[327,328] Stopping primaquine results indistress necessitating the administration of antacids,
resolution of symptoms and signs within a few days.71% (60 mg/day), and 100% (120 mg/day). These
Methylthioninium chloride (methylene blue) is anhigher doses also caused nausea, cramping abdomi-
antidote. MetHb is generally less pronounced innal pain, and occasional vomiting. Mild diarrhoea
people with G6PD deficiency because the older redhas also been reported occasionally.[10]

cells, which are more prone to developing metHb,
11.1.2 Changes in White Cell Count have usually haemolysed.
Increased and decreased white cell counts have

been associated with primaquine. Leucocytosis is 11.2 Haemolysis
probably a result of bone marrow stimulation and

Acute haemolysis is a well recognised side effectwas reported in 4–21% of primaquine recipients at
of primaquine in individuals with G6PD deficiency,dosages of 15–60 mg/day. Leucopenia was reported
other enzyme deficiencies (e.g. glutathionein 4 of 43 recipients of high-dosage primaquine (120
synthase) that counter oxidant stress, and severalmg/day).[322] Co-administration with other my-
haemoglobinopathies (e.g. Hb Zurich, Hb Tori-elotoxic drugs (e.g. sulphonamides), or administra-
no).[329] Although first recognised in the 1920s withtion to patients with diseases complicated by my-
pamaquine, it was not until the early 1950s and theelosuppression may increase the risk of leucopen-
development of primaquine that haemolysis wasia.[323] Brennecke et al. found an increased risk of
noted as a significant problem amongst Americangranulocytopenia when primaquine was given to
soldiers of African descent. At that time, the causepatients with rheumatoid arthritis.[324]

of haemolysis was unknown and was labelled
11.1.3 Development of Methaemoglobinaemia ‘primaquine sensitivity’.[330] Subsequently, this led
Primaquine is oxidant and converts haemoglobin to the discovery of the sex-linked G6PD deficiency.

(Hb) to methaemoglobin (metHb), an action which The two common forms of G6PD deficiency are the
is dose dependent.[322] Cyanosis may be evident African (A-) and Mediterranean forms; the former
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11.2.2 Haemolysis in the Mediterranean Varianthas a higher level (10–60%) of enzyme activity
G6PD Deficiencycompared to the latter (<10%). Other G6PD variants
Individuals with these forms of G6PD deficiency(e.g. Asian variants) generally fall into these two

have low enzyme levels in old and young red cellscategories. Haemolysis has three phases: acute
and are prone to develop severe anaemia. Prima-

haemolytic, recovery, and equilibrium.[323] The se-
quine base, at doses of 15 mg/day or 45 mg/week,

verity of haemolysis is related to the degree of has produced severe haemolysis, progressive
G6PD deficiency and the dose of primaquine, and haemoglobinaemia, haemoglobinuria, acute renal
may be exacerbated by concurrent infections, liver failure, and death.[334,335] In a study of Thai patients
disease (reduced primaquine metabolism), renal im- with vivax malaria (n = 13), who were given prima-
pairment (delayed primaquine excretion), and the quine daily (15mg base) after standard dose chloro-
co-administration of other drugs with haemolytic quine, haemolysis occurred in all 13. The degree of
potential, e.g. sulphonamides.[323,331,332] haemolysis, graded only as <20% vs >20% haemol-

ysis, was not related to primaquine pharmaco-
11.2.1 Haemolysis in the African Variant (A-) kinetics, which were similar between the two groups
G6PD Deficiency and to 13 control subjects without G6PD deficien-

cy.[336] In Sri Lanka, a hospital based study of prima-Work in the 1950s, using 30mg of primaquine
quine induced haemolysis in 21 children with partialbase administered daily to 110 African Americans,
or gross G6PD deficiency, was associated signif-found that haemolysis usually appeared on the
icant morbidity and a CFR of 19% (4/21). On ad-second or third day of drug administration and con-
mission, nine children had congestive cardiac fail-tinued for a further 5–7 days.[323,333] As Hb levels
ure, five acute renal failure, and 14 required bloodfell, there was an increase in unconjugated bilirubin,
transfusion. Two children who died had also beenhaemogloginuria, and reticulocytosis. Heinz bodies
given aspirin, a known haemolytic drug in G6PD

appeared early on but disappeared as the haemolysis
deficiency. Half of the 21 children had been given

worsened. Haemolysis ceased within 4 days of dis- higher than the recommended doses of primaquine,
continuing primaquine. With continued primaquine emphasising the potential severe toxicity of prima-
administration, anaemia (mean 10 g/dL) reached its quine in such patients.[337]

nadir on day 10. Hb recovered slowly over 4 weeks
to reach normal levels. The latter were maintained 11.3 Tolerability of Weekly Administration
despite continuing primaquine administration be-

Alving et al. studied weekly administration ofcause continuing haemolysis of the oldest erythro-
primaquine (45mg or 60mg for 8 weeks) for experi-cytes was compensated for by increased haemato-
mentally-induced vivax malaria in African Ameri-poiesis. Of the 110 individuals thus treated, 17 de-
cans. Both regimens were well tolerated and result-veloped mild anaemia with a mean fall of Hb of 1.8
ed in little haemolysis. In addition, the rate of radicalg/dL from baseline. However, five subjects devel-
cure was higher than rates using daily primaquineoped anaemia of between 9–10 g/dL after between
(15mg for 14 days), and weekly primaquine (30, 45,

4–9 days of primaquine. In another cohort of 50
and 60mg) administered over 4 weeks.[338]

African Americans, daily administered primaquine In Korea, weekly chloroquine (300mg) and
(15mg base) resulted in mild anaemia in 12; the primaquine (45mg), were administered as prophy-
mean drop in Hb was 2 g/dL. Primaquine base at a laxis to approximately 50 000 American soldiers
dose of 15mg for 14 days can be given to these over 22 weeks, and 139 Turkish soldiers over 14
patients without individual monitoring because the weeks.[339] There were no reports of acute haemol-
haemolysis is mild and self-limiting. If higher doses ysis in the Americans; a small number reported
are required e.g. 30mg daily (14 days) to treat the intestinal cramps, and loose bowel movements sev-
Chesson strain of P. vivax, then monitoring is re- eral hours after drug administration. Similarly, no
quired because of the risk of severe, acute haemol- haemolysis was reported in the Turkish soldiers but
ysis. of 104 blood samples taken, only one soldier was
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G6PD deficient. In Thailand, the haemolytic poten- 2.4% (range 0–4.5%). Comparable findings were
tial of primaquine 45mg was investigated in seven demonstrated in another placebo-controlled trial of
volunteers with G6PD deficiency, two of whom also 97 adults and children.[342]

had Hb E trait. Five developed haemolysis that Low rates of gastrointestinal symptoms (nausea,
lasted for 2–3 days.[340] The 45mg weekly regimen vomiting, abdominal pain and diarrhoea) have been
for 6 weeks is now recommended for radical cure of reported when primaquine was administered with
vivax or ovale malaria in patients with the African or food. In people in Papua, this was 0.4/0.4 per per-
other variants of mild G6PD deficiency. son-year (five complaints over 677 person-

weeks).[343] In Colombian soldiers, 5–6% reported
11.4 Tolerability of Prophylaxis gastrointestinal symptoms and 2–2.5% discontinued

primaquine; the soldiers took their primaquine withPrimaquine is being developed as a daily prophy-
a light breakfast (coffee, bread, and occasionally anlactic drug. Six published studies have assessed
egg).[344,345]

primaquine as prophylaxis in Indonesia (30mg daily
or on alternate days), Colombia (30mg daily ±

11.5 Overdose Toxicity
chloroquine), and Kenya (15mg daily in children).
Prophylactic efficacies were high against falciparum Experience with primaquine overdose is limited.
(74–95%) and vivax malaria (85–92%).[341-345] In Gastrointestinal symptoms, haemolysis, methaemo-
the Kenyan children, aged 9–14 years, 15mg daily globinaemia, and cyanosis are important features.
had a prophylactic efficacy of 85% against falcipar- Treatment includes gastric lavage, activated char-
um parasitaemia and 91% against clinical dis- coal, oxygen, and methylthioninium chloride.[35]

ease.[346] G6PD-deficient subjects were excluded There has been a small case series of five HIV-
from these studies. Primaquine was generally well positive cases of methaemoglobinaemia caused by
tolerated by all subjects, a substantial number of either primaquine or dapsone or the combination of
whom were young, healthy soldiers or adult males. the two. Two cases resulted from intentional over-
No serious adverse events were reported. doses of dapsone, and three developed within sever-

In the Kenyan children, primaquine (n = 32) and al days of commencing primaquine while dapsone
placebo recipients (n = 34) reported similar symp- remained present in the bloodstream. Four required
toms over 11 weeks. In Papua, Indonesia, the rate of intravenous methylthioninium chloride, oxygen, and
symptom complaints (any symptom) that was re- blood transfusions while the one mild case respond-
ported weekly by Javanese men over 52 weeks of ed to oxygen and drug discontinuation.[347]

prophylaxis was higher in the primaquine group (30
11.6 Use in Pregnant andmg/day) compared with placebo: 4.7/100 vs 3.6/100
Breast-Feeding Womenperson-weeks (p = 0.01).[341] Analysis of weekly

reported symptoms showed that of 16 specific and
Primaquine is contraindicated during pregnancycommon symptoms (e.g. fever, gastrointestinal

because of the possibility of inducing haemolysissymptoms, headache, etc.), only cough was signifi-
and methaemoglobinaemia in the fetus. Pregnantcantly higher in the primaquine arm. During the
women who require radical treatment for vivax ma-study, six of 22 men (27.3%) reported abdominal
laria should receive primaquine after delivery. Therediscomfort when primaquine was taken on an empty
are no data on primaquine excretion into breast milk.stomach. Routine haematology and biochemistry

were normal in the primaquine recipients at study 11.7 Contraindications and Cautions
end but mean levels of methaemoglobinaemia were
significantly higher in the primaquine arm (5.8% Primaquine is contraindicated in: (i) patients with
[range 1.4–13%]) compared with the placebo (0.7% severe forms (non-African) of G6PD deficiency; (ii)
[0–3%]) and chloroquine (0.7% [0–3%]) arms. pregnancy; and (iii) neonates.[348] The lower age
These levels were not associated with respiratory limit of safety for children has not been established.
symptoms or cyanosis. One week after primaquine One recommendation is to avoid primaquine in chil-
was stopped, mean metHb levels fell significantly to dren aged <1 year, the other is <4 years of
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