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Currently available medications for malaria chemoprophylaxis are efficaciousAbstract
but the problems of patient compliance, the advance of parasite drug resistance,
and real or perceived serious adverse effects mean that new chemical compounds
are needed.

Primaquine, which has been widely used to treat relapsing malaria since the
1950s, has been shown to prevent malaria when taken daily. Tafenoquine is a new
8-aminoquinoline with a much longer half-life than primaquine. Field trials to
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date indicate that tafenoquine is efficacious and can be taken weekly or perhaps
even less frequently. Both primaquine and tafenoquine require exact knowledge
of a person’s glucose 6-phosphate dehydrogenase status in order to prevent
drug-induced haemolysis. Other potential malaria chemoprophylactic drugs such
as third-generation antifol compounds and Mannich bases have reached advanced
preclinical testing. Mefloquine has been seen to cause serious neuropsychiatric
adverse effects on rare occasions. Recent public controversy regarding reputedly
common serious adverse effects has made many Western travellers unwilling to
take mefloquine.

Special risk groups exposed to malaria, such as long-term travellers, children,
pregnant women, aircrew and those requiring unimpeded psychomotor reactions,
migrants returning to visit malarious countries of origin and febrile persons who
have returned from malaria endemic areas, all require a nuanced approach to the
use of drugs to prevent malaria. The carrying of therapeutic courses of antimalari-
al drugs to be taken only if febrile illness develops is indicated in very few
travellers despite its appeal to some who fear adverse effects more than they fear
potentially lethal malaria infection. Travellers with a significant exposure to
malaria require a comprehensive plan for prevention that includes anti-mosquito
measures but which is still primarily be based on the regular use of efficacious
antimalarial medications.

Malaria chemoprophylaxis is the prevention of 1. Molecular Basis for Drug Resistance to
Past and Present Prophylactic Agentsmalaria disease by giving healthy travellers medica-

tion prior to exposure to infective mosquitoes. Che- The mechanism underlying the development of
resistance to chemoprophylactic agents originatesmoprophylaxis is given to reduce the risk of malaria
from chromosomal mutations in the malaria para-but is not perfectly effective, primarily because of
site. Until the late 1950s, chloroquine was the main-

noncompliance with medication regimens or para- stay of malaria chemoprophylaxis, but widespread
site drug resistance. Prior to chloroquine resistance resistance now limits its usefulness in almost all

malaria endemic countries. Compelling evidencebecoming widespread, decisions regarding malaria
exists that multiple mutations in the Plasmodiumchemoprophylaxis were uncomplicated. Now that
falciparum chloroquine resistance transporter gene

chloroquine alone is rarely indicated, multiple drugs
(pfcrt) are associated with chloroquine resis-

and regimens are available to prevent malaria, each tance.[1,2] These mutations alter chloroquine concen-
with its own advantages and problems. This review trations in the food vacuole, a major digestive organ-

elle of the malaria parasite that harbours proteinaims to present the current situation regarding mala-
transporters and is responsible for the degradation ofria chemoprophylaxis, indicate what new drugs
host-derived haemoglobin. The food vacuole is a

might be available in the future and discuss some of proven chemotherapeutic target for chloroquine.
the common problems encountered when prescrib- Similar to chloroquine, the site of action for the
ing travellers chemoprophylaxis. arylamino-alcohols, such as mefloquine, is within
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the digestive vesicle of the blood stage parasite 2. New Drugs for
Malaria Chemoprophylaxiswhere they complex with heme and prevent the

detoxification of heme by crystallisation into the
Despite the increase in parasite drug resistance,malaria pigment.[3] The mechanism of resistance to

new malaria chemoprophylactic drugs are intro-mefloquine is still unclear, but an increase in the
duced infrequently. The three currently availablecopy number of the multidrug-resistance gene 1
options in the US, mefloquine, doxycycline and(pfmdr1) may play an important role in modulating
atovaquone/proguanil, were approved for malariathe sensitivity of the drug.[4]

prevention in 1989, 1992 and 2001, respectively.
Resistance to chloroquine took more than 20 These regimens are presented in table I so that the

years to eventuate, but resistance to the antifols, reader can compare them with the different options
such as pyrimethamine and proguanil, and atova- that are discussed in this review. Chloroquine
quone, occurred shortly (<1 year) after their release. 300mg base weekly for an adult is an established
For antifols and sulfonamides, point mutations in chemoprophylaxis regimen, but it is not listed in the
the dihydrofolate reductase (DHFR) and dihy- table as it is only appropriate in a very few places in
dropteroate synthase (DHPS) genes, respectively, the world, specifically Central America and Hispa-
have been identified as causing structural alteration niola.
in the binding site of the target enzymes which More antimalarial drug development is undertak-
diminishes the affinity of these enzymes for the en now than has been previously, largely coordinat-
antifolate drugs.[5-8] One to four mutations in DHFR ed though the efforts of the Medicines for Malaria
confers a moderate to high level of resistance to Venture (http://www.mmv.org). However, with one
DHFR inhibitors. The presence of mutations in exception (tafenoquine), none of these new com-
DHFR appears to be more important in causing pounds are being developed primarily for malaria
pyrimethamine/sulfadoxine failure than DHPS mu- prevention. Generally, drugs found to effectively
tations.[9]

treat malaria infections are then adapted for the
Similarly to DHFR inhibitors, resistance of additional indication of chemoprophylaxis. The pur-

P. falciparum to atovaquone occurs readily as a pose of malaria chemoprophylaxis is to prevent po-
tentially lethal malaria infections in travellers toresult of a high frequency of pre-existing mutations,
malaria endemic areas.[14]with recrudescence occurring one-third of patients

with falciparum malaria who are treated with atova-
2.1 8-Aminoquinolinesquone alone.[10] A single point mutation at codon

268 in the cytochrome b gene has been implicated in
Primaquine is the only currently approved com-

atovaquone resistance,[11,12] but other mutations may
pound of a group of chloroquine-related drugs

also be involved.[13] Although the synergistic action
known as the 8-aminoquinolines. This class of drugs

of atovaquone/proguanil differs from the folate
has been extensively studied since World War II and

pathway inhibition exhibited by pyrimethamine/
a long-acting 8-aminoquinoline called tafenoquine

sulfadoxine, the abundance of DHFR polymorph-
is now in the advanced stages of clinical develop-

isms compromises the additional benefit from
ment for malaria chemoprophylaxis.

cycloguanil that arises with atovaquone/proguanil
2.1.1 Primaquine for Prophylaxisprophylaxis. It remains to be seen how quickly and

to what extent resistance to atovaquone will appear Primaquine is not a new drug, having been wide-
once the drug is more widely used. ly used to treat relapsing malaria since the 1950s.[15]
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Table I. Antimalarial drugs for chemoprophylaxis, adult and paediatric regimens and adverse effects

Generic (trade) names Dosage form Adult regimen Paediatric regimen Common adverse events

Atovaquone/proguanil 250mg of atovaquone and 1 tablet/day 11–20kg: one-quarter adult tablet or one paediatric Nausea, vomiting, abdominal

(Malarone) 100mg of proguanil (adult tablet pain, diarrhoea, increased

tablet) 21–30kg: one-half adult tablet or two paediatric transaminase levels, seizures,

62.5mg of atovaquone and tablets rash

25mg of proguanil 31–40kg: three-quarters adult tablet or three

(paediatric tablet) paediatric tablets

>40kg: one adult tablet

Doxycycline (Vibramycin, 100mg tablet or capsule 100 mg/day 2.0 mg/kg/day (maximum 100 mg/day) Gastrointestinal upset, vaginal

Vibra-Tabs, Doryx) <25kg or aged <8 years, contraindicated candidiasis, photosensitivity,

25–35kg: 50mg allergic reactions, blood

36–50kg: 75mg dyscrasias, azotaemia in renal

age >14 years: 100mg diseases, hepatitis

Mefloquine (Lariam, 250mg base tablet in EU 250mg base/week <5kg: no data Dizziness, diarrhoea, nausea,

Mephaquin) (salt in the US) (228mg base/week 5–15kg: 5 mg/kg once weekly vivid dreams, nightmares,

in the US) 16–19kg: one-quarter tablet irritability, mood alterations,

20–30kg: one-half tablet headache, insomnia, anxiety,

31–45kg: three-quarters tablet seizures, psychosis

>45kg: one tablet once weekly

Primaquine – terminal 15mg base tablet 15mg base/day for 0.3mg base/kg/day for 14 days Gastrointestinal upset,

prophylaxis or radical cure 14 days May require dosage increase to 0.6 mg/kg/day for haemolysis (in patients with

primaquine-tolerant or resistant Plasmodium vivax glucose-6-phosphate

dehydrogenase deficiency),

methaemoglobinaemia



Modern Malaria Chemoprophylaxis 2095

Unlike other current antimalarial drugs, primaquine after leaving the endemic area is an established
treatment course; this is known as terminal prophy-primarily kills dormant stages of the parasite in the
laxis.[15] The current regimen used for primaquineliver (hypnozoites), which then eliminates the risk
treatment is shown in table I.of late malaria attacks long after leaving an endemic

area (relapses). Primaquine can also kill the initial
2.1.2 Tafenoquine

forms of the parasite that develop in the liver prior to
Tafenoquine, also known as WR 238605, is ainvading the bloodstream. Killing all parasites in the

new 8-aminoquinoline that is currently being co-
liver prevents any blood infection and is known as

developed by the Walter Reed Army Institute of
causal prophylaxis. Causal prophylaxis is highly

Research and GlaxoSmithKline. It is a synthetic
desirable as it limits the amount of medication that

primaquine analogue that was initially developed in
must be taken before and after leaving an endemic

the search for a safer, more effective and longer-
area, thus increasing patient compliance with

acting replacement for primaquine. In contrast with
chemoprophylaxis. On the basis of field trials pri-

primaquine, tafenoquine possesses greater activity
marily, but not exclusively, performed by the US

against blood and liver stages of malaria,[21,22] has
Navy, a regimen of primaquine with a dosage in-

greater sporontocidal activity[23] and is more active
creased beyond that used for treatment (30mg base

in vitro against multidrug-resistant asexual blood
vs 15mg daily in an adult) has been shown to causal-

stages of P. falciparum.[24]

ly prevent both falciparum and vivax malaria.[16-19]

Tafenoquine has undergone single- and multiple-
The use of primaquine for malaria prophylaxis dose escalation studies, six phase II trials and a

has recently been reviewed.[20] Although effica- phase III study, and in excess of 2000 individuals
cious, malaria prophylaxis is not an approved indi- have received the drug. In these studies, the drug has
cation for primaquine and this preventive therapy been well tolerated, with only mild and transient
currently needs to be prescribed on a case by case gastrointestinal disturbances and methaemoglobi-
basis, if a physician decides that primaquine is the naemia reported as adverse effects.[24-30] Other pos-
best choice for an individual after informing the sible adverse effects include headache and mild,
patient of the off-label nature of such usage. An transient elevations in serum levels of liver-associat-
absolute requirement prior to the use of primaquine ed enzymes. In 1997, a randomised, placebo-con-
for prophylaxis is the determination that the person trolled study showed that tafenoquine 200 or 400mg
has normal glucose-6-phosphate dehydrogenase given weekly to adults provided protective effica-
(G6PD) enzyme activity in his/her erythrocytes. cies of 86% and 89%, respectively, in an area
G6PD deficiency is a very common genetic poly- holoendemic for P. falciparum in western Kenya.[26]

morphism that can result in life-threatening haemol- As part of this trial, a 3-day treatment regimen of
ysis if such a person is given primaquine. Persons tafenoquine 400 mg/day followed by a weekly pla-

cebo protected 82% of participants for 7 weeks afterwho might be considered for primaquine prophylax-
commencement of drug administration. The prophy-is would include those who frequently have short-
lactic value of tafenoquine was further demonstratedduration visits to highly malaria endemic areas.
in clinical studies in Ghana and Gabon, with protec-Such a person would require considerably fewer
tive efficacies of >86% using lower dose regimensdays on medication if he/she used primaquine com-
of tafenoquine, such as 200mg weekly.[27,28]pared with other daily medications for malaria pre-

vention. If other forms of chemoprophylaxis are The high protective efficacy of tafenoquine
used during malaria exposure, primaquine given against P. falciparum malaria was further demon-

 2005 Adis Data Information BV. All rights reserved. Drugs 2005; 65 (15)
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strated against P. vivax malaria in Thailand. A iting parasite growth. However, the potency of the
randomised, placebo-controlled study showed that, DHFR inhibitors has declined as a result of the
after a loading dose of tafenoquine 400 mg/day for 3 emergence of drug-resistant parasite strains.[5-7]

days followed by 6 months of single monthly doses Empirical drug screening by the Walter Reed
of tafenoquine 400mg in Thai soldiers, the drug was Army Institute of Research led to the discovery in
96% and 100% effective in preventing P. vivax and the mid 1960s of the second-generation antifol,
multidrug-resistant P. falciparum malaria, respec- WR 99210, which possessed marked activity
tively.[25] Although tafenoquine is highly effective against both pyrimethamine- and chloroquine-resis-
in suppressing the blood stages of both P. falci- tant isolates of P. falciparum.[31] Unfortunately,
parum and P. vivax, it is no better than primaquine clinical trials of WR 99210 in volunteers showed
in preventing relapses of vivax malaria when used that the drug induced severe gastrointestinal symp-
for post-exposure prophylaxis.[29] Furthermore, in toms and had poor bioavailability and as a conse-
Australian soldiers on peacekeeping duties in East quence, development of the drug was abandoned.[32]

Timor who received weekly tafenoquine 200mg for However, interest in WR 99210 has been main-
6 months, vivax cases occurred during the 6-month tained, particularly in its lack of cross-resistance
follow-up period in a non-malarious area.[30]

with pyrimethamine and cycloguanil[31,33] and its use
Tafenoquine is a unique antimalarial drug. With for the treatment of parasites containing multiple

its activity against all stages of the malaria parasite mutations in DHFR.[34]

and its long elimination half-life, tafenoquine has
On the basis of analogy, the biguanide precursor

the potential to be used for several indications. Tafe-
for WR 99210, PS 15 (also known as WR 250417)

noquine is primarily being developed as a chemo-
was designed and synthesised to circumvent the

prophylactic drug against both P. falciparum and P.
adverse events associated with WR 99210.[35] As a

vivax malaria, and for the radical treatment of vivax
lipophilic biguanide, PS 15 was expected to be met-

malaria in order to eradicate residual liver parasites.
abolically converted to WR 99210, but with im-

Tafenoquine may also find a role in post-exposure
proved bioavailability. PS 15 was found to be more

or terminal prophylaxis in travellers, in order to
active than either proguanil or WR 99210 in the

eliminate the hypnozoite stages of vivax malaria
treatment of multidrug-resistant P. falciparum in

upon leaving an endemic area. If tafenoquine proves
Aotus monkeys.[35] Further studies in monkeys

to be a practical malaria transmission-blocking drug,
demonstrated that PS 15 was converted to

then there may be public health indications such as
WR 99210,[36] and that PS 15 was better absorbed

the use of tafenoquine during malaria epidemics, or
from the gastrointestinal tract than WR 99210.[37]

in isolated areas with circumscribed transmission,
Another feature of PS 15 is that it potentiates the in

such as islands in the Southwest Pacific region.
vitro activity of atovaquone and sulfamethox-
azole.[35]

2.2 Third-Generation Antifols
Although the prodrug PS 15 was a very attractive

In the 1940s, the first-generation antifols, candidate for further development, the starting ma-
pyrimethamine and cycloguanil (the active metabo- terial, 2,4,5-trichlorophenol, had severe regulatory
lite of proguanil), were developed as antimalarial restrictions on its manufacture as the base material
drugs that targeted the parasite’s DHFR enzyme. can be used to produce toxic substances such as
These DHFR inhibitors act by halting the synthesis dioxin.[38] The safety and regulatory restrictions as-
of parasite DNA and protein subunits, thereby inhib- sociated with the manufacture of PS 15 provided the

 2005 Adis Data Information BV. All rights reserved. Drugs 2005; 65 (15)
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impetus to develop analogues of PS 15, with an- Briefly, in this test model the compounds are admin-
timalarial activity similar to or better than PS 15. istered to non-infected Saimiri sciureus monkeys,
Several of these third-generation antifols have now and sera, containing both drug and metabolites, col-
been developed, such as PS 26, JPC 2005 and lected at various times after drug administration are
JPC 2056, which maintain or exceed the in vivo incubated with P. falciparum parasites to assess for
antimalarial activity of PS 15.[38,39] Of these, in vitro antimalarial activity. Several of these com-
JPC 2056 has been selected as the lead candidate, as pounds were very active against multidrug-resistant
it has equivalent efficacy to that of PS 15 and tolera- P. falciparum isolates with no evidence of cross-
bility comparable with of proguanil.[39] Preclinical resistance with chloroquine, mefloquine, halofan-
development of JPC 2056 is presently underway in a trine and atovaquone. The most potent of these
joint venture between Jacobus Pharmaceuticals compounds (TN 109) requires further evaluation to
Company and the Walter Reed Army Institute of determine its value as a potential antimalarial drug.
Research. In the 1970s, the Walter Reed Army Institute of

Research also discovered the potential of Mannich
2.3 Mannich Bases bases for the treatment, and possibly the prevention,

of malaria. Of these compounds, WR 228258 was
The Mannich base, amodiaquine, has been the the most potent. WR 228258 was about 140-fold

mainstay of this class of compound for the past 50 more active than amodiaquine against the mul-
years. It is still used in Africa today, in areas of tidrug-resistant Smith strain of P. falciparum.[47]

intense chloroquine resistance, for the treatment of However, the drug was withdrawn as a result of
uncomplicated falciparum malaria,[40,41] but is not toxicity concerns that appeared late in preclinical
recommended for prophylaxis as it can cause unac- toxicological studies. Subsequently, a few more
ceptable adverse effects, including agranulocytosis analogues have been synthesised and tested and, of
and liver damage.[42,43] The formation of the elec- these, WR 228979 was found to be the most promis-
trophilic metabolite amodiaquine quinoneimine is ing, as it is chemically stable, with marked activity
believed to be responsible for the adverse effects of against multidrug-resistant P. falciparum strains in
amodiaquine.[44] Isomeric amodiaquine analogues vitro and potency in mouse malaria models (DE
have been prepared that cannot form toxic qui- Kyle, personal communication). Preclinical toler-
noneimine metabolites via liver metabolism. On the ance, pharmacological and treatment studies using
basis of in vitro testing and in vivo activity in rodent the P. falciparum-Aotus model are now being
malaria, isoquine has been shown to be more effec- planned for WR 228979 to see whether it will
tive than amodiaquine.[44] Isoquine is easy to synthe- emerge as a new drug for the treatment and preven-
sise and is devoid of cross-resistance with either tion of malaria infections.
chloroquine or amodiaquine. It is currently in pre-
clinical evaluation in a partnership between the 3. Drugs that Should Not be Used
Medicines for Malaria Venture and GlaxoSmith- for Chemoprophylaxis
Kline.[45]

Other Mannich base compounds have been Some antimalarial drugs that have well estab-
synthesised for the treatment of malaria. New quino- lished therapeutic roles have no rational use as mala-
line di-Mannich base compounds were found to be ria chemoprophylactic agents. These drugs are listed
far more active than amodiaquine, chloroquine or in table II to avoid confusion should a physician
pyronaridine in the Saimiri-bioassay model.[46] need to use these drugs for malaria treatment or

 2005 Adis Data Information BV. All rights reserved. Drugs 2005; 65 (15)
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Table II. Medications that should not be used for malaria chemoprophylaxis

Generic (trade) names Severe adverse event or contraindication observed References

Amodiaquine Agranulocytosis and hepatitis 50,51

Halofantrine (Halfan) Cardiac dysrhythmias 52,53

Pyrimethamine/dapsone (Maloprim) Agranulocytosis 54

Pyrimethamine/sulfadoxine (Fansidar) Severe skin reactions (e.g. Stevens-Johnson syndrome) 55

Quinine Long-term use predisposes to blackwater fever 56

Qinghaosu derivatives (i.e. artesunate) Severe CNS lesions in animal studies argues against any long-term use of 57
these short-acting treatment drugs

other indications. Although azithromycin has been mefloquine was an essential addition to the arma-
tested for malaria chemoprophylaxis, it has insuffi- mentarium following the appearance of chloro-
cient efficacy against P. falciparum to recommend quine-resistant P. falciparum. Mefloquine met a
its use for malaria prevention.[48,49] very important efficacy need and its use was shown

to substantially decrease the frequency of malaria in
4. Public Controversy over Mefloquine US Peace Corps members in sub-Saharan Africa.[59]

Although other efficacious options such as doxy-
There is a growing public unease with the use of cycline were available, the practical effectiveness of

mefloquine for malaria chemoprophylaxis, the gene- daily regimens was often less than with weekly
sis of which is usually traced back to a BBC Watch- mefloquine because of compliance issues.[60] Sever-
dog television programme that appeared in the early al studies were carried out during the 1990s in
1990s. Although rare severe neuropsychiatric ad- response to growing public distrust of mefloquine.
verse effects are well described with mefloquine,[58]

These consisted of both observational[61-66] and
this controversy centred around the premise that randomised clinical trials[67-70] where weekly meflo-
mefloquine causes a great deal more serious psychi- quine was compared with a variety of other daily
atric adverse effects than had been indicated by both medications. Despite the varied populations and
the medical and pharmaceutical information availa- study designs, the safety and tolerability of meflo-
ble. The extent of the ongoing controversy, particu- quine for weekly malaria chemoprophylaxis was
larly via the Internet, makes it very difficult to generally confirmed.
untangle the various claims and counter-claims, es-

Some exceptions to this overall assessment werepecially since litigation is ongoing in several coun-
noted. Loading dose regimens that gave increasedtries. This is important to the physician because of
medication in the first week in order to more rapidlythe increasing refusal and noncompliance rates asso-
reach blood steady-state drug concentrations ap-ciated with mefloquine prophylaxis. The recent
peared to cause increased tolerability problems, par-safety and tolerability information on mefloquine is
ticularly sleep disturbances.[67] The randomised,reviewed in sections 4.1 to 4.3 with a view to inform
blinded, controlled trial that most closely resembledcurrent prescribing practice.
actual travel medicine practice in Europe and Cana-
da showed no significant overall difference in toler-4.1 Data on Mefloquine Tolerance
ability between atovaquone/proguanil and meflo-

Mefloquine has a very important place in malaria quine (71.4% vs 67.3% of patients, respectively [a
chemoprophylaxis practice as the only weekly ad- difference of 4.1%; 95% CI –1.7, 9.9]).[70] However,
ministered drug that is efficacious against chloro- travellers randomised to receive atovaquone/
quine-resistant falciparum malaria. Historically, proguanil had a lower frequency of treatment-relat-
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ed neuropsychiatric adverse effects, particularly quine, doxycycline or proguanil and/or chloroquine,
after being adjusted for age, gender and calendarthose associated with sleep disturbances, than the
year, were not markedly different at 6.9 (95% CImefloquine group (14% vs 29%; p = 0.001). Fewer
4.5, 10.6), 9.5 (95% CI 3.7, 24.1) and 7.6 (95% CIadverse events of moderate or severe intensity and
5.5, 10.5)/1000 person-years, respectively. The inci-fewer treatment-related effects that caused prophy-
dence rates of psychosis or panic attacks duringlaxis to be discontinued were seen in persons receiv-
mefloquine exposure were 1.0/1000 person-yearsing atovaquone/proguanil than in those randomised
(95% CI 0.3, 2.9) and 3.0/1000 person-years (95%to receive mefloquine (0.2% vs 5.0%;
CI 1.6, 5.7), respectively, approximately 2-foldp = 0.001).[70,71]

higher than during use of doxycycline or proguanilIn a randomised, double-blind tolerability study
and/or chloroquine, a difference which was not sta-with a placebo run-in phase that compared meflo-
tistically significant.[63] If the question was reframedquine, chloroquine/proguanil, doxycycline and
to look at all current users of mefloquine versus allatovaquone/proguanil in travellers attending travel
previous users of other antimalarial drugs, then aclinics in Switzerland, Germany and Israel, with-
significant increase in depression (odds ratio [OR]drawals due to adverse effects were lowest in travel-
8.0, 95% CI 1.0, 62.7; p < 0.05) and panic attackslers who received atovaquone/proguanil (2%), fol-
(OR 2.7, 95% CI 1.1, 6.5; p < 0.05) was seen in thelowed by doxycycline (3%), mefloquine (4%) and
mefloquine group.[63]

chloroquine/proguanil (5%).[72] Of the four drugs
tested, mefloquine was associated with the highest

4.2 Public Perceptions of Mefloquine Safetyincidence of moderate-to-severe neuropsychiatric
adverse effects and women reported significantly In spite of the studies briefly summarised in
more neuropsychiatric, gastrointestinal and skin section 4.1, and with no justifiable reason, many
problems than men. Overall, atovaquone/proguanil non-medical persons perceive mefloquine as a dan-
and doxycycline were better tolerated than meflo- gerous drug. The importance of this subpopulation
quine and chloroquine/proguanil. is that many of them feel obligated to tell other

Neuropsychiatric diagnoses are very common in travellers about rumoured or reported adverse ex-
our modern society, and international travel itself is periences with mefloquine in an effort to stop its
a stressful activity that makes assigning causality to use. Since malaria chemoprophylaxis is by defini-
any adverse effect noted in a previously healthy tion given to healthy persons in order to prevent a
traveller extremely difficult. The most persuasive potentially lethal infectious disease,[73] these often
case for causality of mefloquine-induced adverse outspokenly communicated negative views of
neuropsychiatric effects can be made when the pre- mefloquine cause many persons to stop using meflo-
viously undetected symptoms appear soon after quine, thus negating the entire preventive effect.
starting the medication and resolve completely with Given the number of studies already performed, it is
its discontinuation. One large population-based unrealistic to expect that definitive data on either
study employed a UK-based General Practice Re- side of mefloquine prophylaxis safety issue will be
search Database involving >35 000 persons who found. A biologically plausible mechanism for se-
were retrospectively examined for the first onset of vere adverse neuropsychiatric effects if mefloquine
depression, psychosis or panic attack following an- gains access to the CNS has been reported, further
timalarial drug use during the 1990s.[63] The inci- limiting any possibility of persuasive data to the
dence rates of depression during the use of meflo- contrary.[74] Post-marketing surveillance detected
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sufficient adverse event concerns to cause the US case, physicians can best serve the traveller by ar-
FDA to require a specific patient information form ranging an alternative regimen of chemoprophylax-
to be given to all US recipients of mefloquine pre- is, even if it might be suboptimal based upon other
scriptions.[75,76] Since the wording is similar to that considerations.
of an informed consent agreement listing all poten-

5. Special Risk Groupstial adverse events, its negative effect on mefloquine
acceptance is only too evident. There are special risk groups who do not easily

adapt to any current chemoprophylaxis regimen.
4.3 Failure of Prophylaxis as a Result of Not These travellers are often difficult to prescribe for
Taking Medication because of either inadequate formulation availabili-

ty, lack of safety data or high risk status. Although
One unambiguous outcome of the public contro-

no certain rules can be applied to such travellers, it
versy concerning neuropsychiatric adverse effects

was felt important to discuss these individuals in
with mefloquine has been an increase in falciparum

order to explain the parameters that should be con-
malaria in persons unwilling to take mefloquine.

sidered when faced with prescribing malaria chemo-
This has been seen in European travellers to Africa,

prophylaxis to these special risk groups.
where many tourists have been persuaded to accept
malaria chemoprophylaxis advice from non-medical 5.1 Long-Term Travellers
sources.[77-79] UK and US military populations

It is a very unusual and compulsive person whodeployed to West Africa have also experienced very
will take antimalarial medications for a full year, yethigh malaria attack rates when mefloquine was ei-
some missionaries, aid workers and scientists gother not available because of logistical difficulties or
into malarious areas for a year or longer.[82] Thesewas not taken as a result of concern about reported
persons are often some of the highest risk travellersadverse effects.[80] If soldiers ordered to take meflo-
in terms of contracting falciparum malaria in a set-quine cannot be relied on to actually ingest the
ting where little or no professional medical supportmedication, who then should receive mefloquine
is available.[83] Prior to determining what form ofprophylaxis? Given the unpredictable nature of
malaria chemoprophylaxis may be appropriate, acompliance failure, mefloquine probably has only a
careful history should be obtained concerning thesmall role, particularly for travellers who are living
geography of travel, anticipated time spent in thefor an extended period in an area at very high risk
area, the housing in which the traveller will sleepfor malaria. Mefloquine use is also limited by drug
and the availability of medical care, particularly theresistance, particularly in Southeast Asia.[81] How-
distance and time required to reach medical aid andever, travellers who have previously tolerated
its quality once accessed. The most up-to-date infor-mefloquine well are good candidates to receive
mation on malaria risk areas and other useful travel-mefloquine on re-entering a malarious area as seri-
ler information can be found on governmental In-ous adverse effects following a previously tolerated
ternet sites such as those shown in table III.course are either unknown or rare. The best indicator

of whether mefloquine is a reasonable option for a Assessing a traveller’s probable compliance is
traveller is his/her own attitude towards the medica- extremely important. Prescribing an elaborate form
tion. Any person expressing doubts or fears about a of chemoprophylaxis is probably useless in a person
drug prior to travel will probably not comply with who expresses little desire or interest in taking regu-
the medication sufficiently to be protected. In such a lar medication, even after being informed of the
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Table III. Selected websites with updated malaria risk and prevention information

Public health authority URL

Public Health Agency of Canada http://www.phac-aspc.gc.ca/publicat/ccdr-rmtc/04vol30/30s1/index.html

UK Health Protection Agency Advisory Committee on http://www.hpa.org.uk/infections/topics_az/malaria/menu.htm
Malaria Prevention

US Centers for Disease Control http://www.cdc.gov/travel/regionalmalaria/index.htm

World Health Organization http://whqlibdoc.who.int/publications/2005/9241580364_chap7.pdf

potentially lethal outcome of malaria.[84] Protection 5.2 Infants and Children

from mosquitoes and the use of screens and nets are
Nearly all antimalarial drugs taste terrible andof the utmost importance in preventing malaria in

children object to taking them. Crushing tablets andlong-term travellers, particularly in providing a safe
placing them in food to disguise the taste does workplace to sleep. Instructions for their use are also
but division of tablets is inexact, the role of the foodoften available on the websites listed in table III.
in drug absorption is usually unknown and childrenSection 6 provides guidance on whether stand-by or
are prone to spit out any undesired item, especiallypresumptive therapy antimalarials would be advisa-
when the suspended drug still tastes foul. There areble for an individual traveller.
only two current choices for malaria chemoprophy-

Weekly mefloquine is usually recommended for
laxis in small children: subdivided mefloquine tab-

long-term travellers in a highly malarious area.[85]

lets or the quarter-strength paediatric tablet of atova-
Once a person knows that he/she tolerates meflo-

quone/proguanil (see table I for current dosage regi-
quine, it can be given confidently for extended peri- mens).[89-91] Some paediatricians recommend
ods of time and requires the least compliance effort weekly mefloquine as it minimises the number of
from the traveller in order to maintain protective times a parent has to induce an unwilling child to
blood drug concentrations.[59,86,87] Some very com- take medication, thus increasing the effectiveness of
pliant adults can consistently take doxycycline the chemoprophylaxis. Atovaquone/proguanil pro-
100 mg/day and this can provide good protection phylaxis has been widely used in the paediatric
over extended periods. However, doxycycline is not population and has shown an excellent safety and
a good choice for anyone who cannot manage to efficacy profile.[92] Doxycycline is contraindicated
take the medicine every day as it has a relatively in young children because of the staining of teeth
rapid clearance (half-life of about 18 hours) from the and bones. Chloroquine is worth mentioning, if only
blood. Daily atovaquone/proguanil is highly effica- to warn parents about the risks to children. Despite
cious and very well tolerated, but it is generally too the near universal presence of chloroquine resis-
expensive to be realistically considered for most tance in malarious areas throughout the world,
long-term travellers.[88] Sometimes a compromise chloroquine is still very widely used. It is an all too
can be reached, whereby a long-term traveller takes common source of lethal poisonings in children who
chemoprophylaxis when travelling from his/her usu- accidentally ingest only a few tablets and then die
al residence in a low risk area to work temporarily in with intractable cardiac dysrrhythmias.[93] All medi-
a much higher risk malarious area. The physician cations should be kept out of the reach of children,
must balance chemoprophylactic efficacy against but the ubiquity of chloroquine in some African
what the actual effectiveness of any regimen will be settings makes it a risk about which it is particularly
under the particular circumstances of a long-term worth warning parents who are taking young chil-
traveller. dren to the tropics.
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There are no good guidelines for the use of well as living in a non-endemic area. For those
antimalarial drugs in the very youngest infants pregnant travellers who are unavoidably exposed to
(<5kg) because of a lack of relevant studies, al- a risk of malaria, compulsive mosquito protection,
though some public health authorities recommend particularly insecticide-treated bed nets and chemo-
the off-label use of mefloquine. This issue arises prophylaxis, are strongly indicated.
when immigrant parents wish to take babies back to The chemoprophylaxis options for pregnant wo-
the family’s region of origin to be seen by other men are not adequate. Weekly mefloquine has been
relatives. This is a distinctly risky proposition, espe- studied in pregnant women and it does prevent ma-
cially in West Africa, and many physicians strongly laria infection;[98] however, mefloquine treatment
encourage parents to delay such family visits to has been associated with increased rates of still-
highly endemic areas until a child is older and better birth[99] and prophylaxis has been associated with
able to receive chemoprophylaxis. If parents insist higher rates of spontaneous abortion.[100] Women
on taking infants to highly endemic areas, then strict are naturally reluctant to take a medication with
warnings about mosquito nets over the infant’s bed even a small risk to the fetus and this must be
and carrier is one recommended approach. balanced against an even greater risk should the

It is important to distinguish between the chemo- mother develop acute falciparum malaria.
prophylaxis of children travelling temporarily to a

Doxycycline is contraindicated in women who
malarious area and intermittent presumptive therapy

are or who are trying to become pregnant because it
given to those indigenous children who grow up

stains developing teeth and bones. If a traveller
under the continuous threat of malaria infection. The

taking doxycycline prophylaxis becomes pregnant,
latter case consists of repeated full-dose malaria

no action other than stopping the medication and, if
treatment courses given as a public health tool to

necessary, switching to alternative protection is re-
prevent severe malaria anaemia and to provide limit-

quired. Fetal bones are not present, as such, during
ed protection until natural immunity can develop.[94]

the first trimester and staining can be avoided by
Although potentially a very important strategy for

discontinuing the drug as soon as the pregnancy is
the protection of infants in highly malarious areas,

discovered.
intermittent treatment with drugs, such as

Atovaquone/proguanil has not been specificallypyrimethamine/sulfadoxine, should not be consid-
examined for safety during pregnancy and is notered as chemoprophylaxis and is not appropriate for
approved for use in pregnant women. On the basis ofthe children of travellers.[95]

what little is known about the two component drugs,
the combination of atovaquone and proguanil is5.3 Pregnant Travellers
probably safe during pregnancy, but this has never

Malaria is potentially a very dangerous infection been directly tested. The drug combination is listed
and this is particularly true for pregnant women and as Pregnancy Category C, which is defined by the
their fetuses. Indigenous women who have no US FDA as “If animal reproduction studies have
choice in their malaria exposure pay an enormous shown an adverse effect on the fetus, if there are no
price in ill-health and perinatal mortality associated adequate and well-controlled studies in humans, and
with falciparum malaria.[96,97] A woman traveller if the benefits from the use of the drug in pregnant
with a choice of residence should avoid malarious women may be acceptable despite its potential
areas during pregnancy. The best chemoprophylaxis risks”. Atovaquone/proguanil in combination with
can never protect a pregnant woman and her fetus as artesunate has been shown to be effective in the
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treatment for multidrug-resistant falciparum malaria the same country.[107,108] Such migrants often visit
during pregnancy.[101,102] During this small study, no rural areas where they are more exposed to infective
birth defects were seen, but there were suggestions mosquito bites. Returning migrants tend to have lax
that atovaquone was suboptimally absorbed in sick attitudes towards the danger of falciparum malaria,
women. If one is faced with a pregnant woman who often due to the mistaken belief that a childhood in
is unavoidably travelling to a highly malarious area, an endemic area provides adult immunity to mala-
then atovaquone/proguanil is probably the single ria.[109,110] Resistance to malaria infection is ob-
safest choice for chemoprophylaxis based on the tained after many sequential infections and can
inadequate knowledge available currently (table I). quickly disappear when living in a non-malarious

area.[111] As indicated in section 5.2, children of
5.4 Aircrew or Others Requiring Unimpeded returning migrants who were born in non-malarious
Psychomotor Abilities countries are at high risk of severe malaria if they do

not receive chemoprophylaxis.[112] Problems associ-Aircrew are very difficult to prescribe malaria
ated with prevention of malaria in migrants re-chemoprophylaxis for as it is practically impossible
turning to their country of origin include a lack ofto prove that a drug does not cloud consciousness.
awareness of the risk of malaria and unwillingnessTherefore, a much higher standard of evidence is
or inability to pay for malaria chemoprophylaxis.required before medications are approved for air-
Those found to have malaria on return are usuallycrew than in the wider population.[103] There are
taking no chemoprophylaxis, as opposed to inappro-some studies in pilots or pilot trainees that provide
priate medications. Since migrant communities of-some guidance for chemoprophylaxis. Mefloquine
ten share social networks in their new home country,has rare known severe adverse neuropsychiatric ef-
it is hoped that further efforts to inform migrantfects, which lead to aircrew being proscribed from
groups of their malaria risk when travelling willreceiving mefloquine.[104,105] This is despite studies
result in a greater proportion of these groups takingin Swiss pilot trainees showing that it was generally
effective chemoprophylaxis.[113]

as well tolerated as placebo.[66] A recent study ex-
amined both atovaquone/proguanil and primaquine

5.6 Febrile Returned Traveller Receivingin Canadian defence personnel in a placebo-con-
Inadequate Chemoprophylaxistrolled, double-blinded crossover design study.[106]

Psychomotor testing and questionnaires showed no Malaria in travellers often occurs after return to
differences between those personnel given placebo, their nonmalarious home country. The delay from
primaquine or atovaquone/proguanil. However, it is return to onset of illness can often be ≥2 months,
a good policy, whatever the selected chemoprophy- particularly in the case of relapsing malaria, which
laxis regimen, to have aircrew take the medication has a dormant stage in the liver.[114] Although most
several days prior to flying to ascertain if there are febrile illnesses in returned travellers are not mala-
any idiosyncratic reactions to the medication. ria, falciparum malaria it is the most serious infec-

tion and needs to be ruled out quickly.[115] Malaria
5.5 Migrants Returning to a

blood films can be unhelpful if enough medication
Malarious Homeland

has been taken to suppress, but not prevent,
Migrants who return to their malarious homeland falciparum malaria infection.[116] When taking a his-

to visit friends and relatives are at much greater risk tory from the febrile traveller it is critical to get an
of contracting malaria than the general traveller to honest appraisal of the traveller’s compliance with
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chemoprophylaxis. A negative blood smear from a should usually be a rapidly acting drug such as
quinine or an artemisinin derivative. Mefloquinetraveller who did not take any chemoprophylaxis is
prophylaxis failure can be treated with atovoquine/much more informative than one from a traveller
proguanil if the patient is not acutely ill, or quininewho has been taking medication as directed and may
or an artemisinin derivative otherwise. Halofantrinehave suppressed the parasites below detection.
is contraindicated in those who have recently re-Mefloquine has a long half-life that can result in
ceived mefloquine. Doxycycline is cleared from thesubacute presentation of suppressed falciparum ma-
blood rapidly and, as such, does not prejudice thelaria months after the end of malaria exposure, espe-
treatment of a patient who has not responded tocially when the falciparum malaria is relatively re-
chemoprophylaxis. Relapsing malaria such as P.sistant to mefloquine, as in parts of Southeast
vivax is the most common post-travel infection inAsia.[86] Repeated blood smears and expert assis-
those travellers who actually took their chemopro-tance when reading blood smears is often necessary,
phylactic medication. P. vivax infection can usuallyas the ability to read malaria smears well is an
be treated adequately with chloroquine followed byacquired skill that is vanishing as older medical
primaquine, but further relapses are a distinct possi-technologists retire. Malaria antigen (generally his-
bility against which the patient needs to be coun-tidine rich protein-2) detection cards can be useful,
selled.[119,120]particularly when laboratory personnel are unaccus-

tomed to examining blood smears for malaria para-
6. Carrying Presumptive Therapy Insteadsites.[117]

of Chemoprophylaxis
Relapsing (P. vivax or P. ovale) malaria can

occur several weeks or months after a traveller re- When the emergence of chloroquine-resistant
turns home.[115] This occurs even in persons who falciparum malaria left many travellers who were

taking chloroquine with inadequate protection,have complied perfectly with chemoprophylaxis, as
some physicians evolved a strategy of having travel-none of the currently approved regimens eliminate
lers to malaria endemic areas carry treatmentthe residual liver stage (hypnozoite). In some areas,
courses of antimalarial drugs, with these patients notespecially the Southwest Pacific, vivax malaria pre-
actually taking any medication unless they devel-dominates; such infections are relatively resistant to
oped a febrile disease thought to be malaria.[121] Thisprimaquine and can relapse repeatedly.[118] Even if a
approach has appealed to many travellers as a formperson has taken a standard regimen of primaquine
of ‘trip insurance’ against a presumably rare chance(see table I), this does not exclude vivax malaria
of a potentially lethal infection. As drug resistancefrom the differential diagnosis of fever in a returned
has increased, selection of possible drug or drugtraveller.
combinations for such presumptive or stand-by ther-Treatment of malaria in a febrile returned travel-
apy has become very limited. Use of presumptiveler who has apparently not responded to chemopro-
stand-by therapy instead of malaria chemoprophy-phylaxis is difficult since it is often not obvious
laxis is based on several assumptions and these needwhether malaria breakthrough has occurred as a
to be examined.result of patient noncompliance or drug resistance.

If a returned traveller with falciparum malaria has
6.1 Problems of Presumptive Therapy

been (supposedly) taking atovoquine/proguanil then
a medication other than atovoquine/proguanil For low malaria risk areas, presumptive or stand-
should be chosen for acute treatment, and this by therapy instead of chemoprophylaxis could be

 2005 Adis Data Information BV. All rights reserved. Drugs 2005; 65 (15)



Modern Malaria Chemoprophylaxis 2105

justified by the uncertain quality of antimalarial because of the risk of fatal cardiac dysrrhymias.[125]

Presumptive or stand-by therapy should only bedrugs at the traveller’s destination, the distance from
chosen for very exceptional travellers, especially forreliable medical care and the speed of developing
those travelling to tropical Africa. If the risk oflife-threatening complications from falciparum ma-
malaria is sufficient to be a serious concern for alaria in a non-immune traveller. Unfortunately,
particular traveller, then chemoprophylaxis is a bet-these points in favour of presumptive therapy are
ter course of action than waiting for a potentiallyoften interpreted by the traveller as meaning that
lethal infection when one has to rely on the travel-seeking medical evaluation for febrile disease is
ler’s own medical judgment and limited memory ofunnecessary and that the traveller could proceed
what was discussed during pre-travel counselling.with their planned trip without risk after taking the

medication. Travellers’ resistance to seeking appro-
6.2 Options for Presumptive Therapypriate medical care locally, despite pre-travel advice

to the contrary, seemed to confirm that many travel-
lers viewed presumptive therapy as ‘trip insurance’ 6.2.1 Atovaquone/Proguanil

rather than a temporising medical intervention.[122] If it is decided that a traveller needs to carry
presumptive malaria therapy in addition to otherMost febrile disease episodes, even in travellers
malaria prevention measures, then atovaquone/to sub-Saharan Africa, are not caused by malaria,
proguanil is probably the first option to be consid-even if falciparum malaria is by far the most com-
ered.[126] This does not apply to those already takingmon potentially lethal infection.[123] One approach
atovaquone/proguanil prophylaxis. Its excellentfor trying to focus presumptive therapy on those
safety and tolerability profile makes it a drug combi-most likely to have malaria was to include a blood
nation that can be given to travellers to very isolateddiagnostic antigen-capture card along with the mala-
areas with confidence that the medication itself isria medication after instructing the traveller on the
very unlikely to cause a severe adverse effect, evenuse of the test and when to take the medication. This
if taken incorrectly. It is dispensed in a single treat-refinement is limited by the ability of sick travellers
ment course blister pack that can easily be carried toto perform the test and make medically sound deci-
very remote locations. Atovaquone absorption issions when sick and in unfamiliar settings.[124]

limited if the ill traveller is unable to eat, since fatty
Given the practical limitations of presumptive or

food enhances the bioavailability of the drug. De-
stand-by therapy, it is important to select such a

spite scattered reports of drug resistance, atova-
strategy only for those most likely to benefit from it.

quone/proguanil continues to have a very high cure
There are exceptional travellers who work far from

rate for falciparum malaria.[13,127]

any medical care, such as some missionaries or field
anthropologists, who truly need to be prepared to 6.2.2 Artemisinin Combination Therapy

treat their own presumptive malaria attack before Artemisinin combination therapy (ACT) has be-
trekking out to find a physician. If these persons are come increasingly popular in Southeast Asia for
in a very high malaria risk area, presumptive therapy malaria chemotherapy that delays the development
needs to be coordinated with chemoprophylaxis and of drug resistance, and ACT is also expected to be
not used in its stead. This is particularly important used more frequently in tropical Africa.[128] ACT
when such long-term travellers are taking meflo- can be a reasonable choice for an isolated traveller
quine, as subsequent presumptive treatment with who needs presumptive therapy. However, two fac-
halofantrine or quinine would be contraindicated tors mitigate against the use of ACT in travellers,
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particularly in Southeast Asia. Rarely is any travel- key elements for improved malaria chemoprophy-
ler in Southeast Asia more than several hours from laxis in the future.
adequate medical care, and seeking a well informed
local physician for treatment of a febrile illness is a Acknowledgements
much superior option to carrying stand-by medica-
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