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Malaria is a parasitic infection transmitted by mos-
quitoes that has afflicted humans over the mil-
lennia. Once endemic in the United States and

Canada, it is now confined to more tropical and subtropical
climates, particularly Africa. Despite advances in knowl-
edge, malaria continues to cause significant morbidity and
mortality worldwide.

The social and economic burden of malaria in endemic
countries is immense.  Already a disease of the poor, malar-
ia further contributes to economic woes by debilitating peo-
ple afflicted with the disease and imposing significant 
financial costs on affected people and governments.1 An es-
timated US$12 billion in economic revenue is lost annually
in Africa because of malaria.2

Epidemiology

Malaria is one of the most prevalent human infections
worldwide. Over 40% of the world's population live in
malaria-endemic areas.3 Exact numbers are unknown, but an
estimated 300 to 500 million cases and 1.5 to 2.7 million
deaths occur each year.3 Ninety percent of deaths occur in
sub-Saharan Africa, the majority involving children less than
5 years of age. Malaria disproportionately affects the poor, in
whom higher morbidity and mortality can be largely attrib-
uted to lack of access to effective treatment; 60% of malaria
deaths worldwide occur in the poorest 20% of the popula-

tion.2 In addition to children, pregnant women (particularly
primigravidae) and nonimmune people (e.g., travellers, for-
eign workers) are at highest risk of severe disease. However,
all age groups may be at risk of severe disease during malaria
epidemics, which occur either when changes in the physical
environment (caused by climatic variation, agricultural pro-
jects or mining, for example) increase the capacity of mosqui-
toes to transmit the disease or when population displacements
(natural disasters, war) expose nonimmune populations to in-
fection. In Canada and other developed nations, malaria is an
imported disease and a significant but preventable cause of
morbidity and mortality in travellers to endemic areas.4

Plasmodia species are the parasites responsible for malaria.
Only 4 of the over 100 species of plasmodia are infectious to
humans. The majority of cases and almost all deaths are
caused by Plasmodium falciparum. Plasmodium vivax, Plasmod-
ium ovale and Plasmodium malariae cause less severe disease.
Malaria is present to varying degrees in 105 countries (Fig. 1),
the majority of which contain drug-resistant strains (Table 1).
Over 90% of all malaria cases occur in Africa, and most are
caused by P. falciparum. This species also predominates in
Haiti and the Dominican Republic. In Mexico, Central and
South America, the Mediterranean, Asia and Oceania, both P.
falciparum and P. vivax are endemic. Disease caused by P.
ovale and P. malariae is relatively rare.

In the United States in 2000, 1402 cases of malaria were
reported; of these, 59% were known to have been acquired
in Africa, 20% in the Americas and 18% in Asia.5 Of 418
cases reported in Canada in 2001, 53% were determined to
have been caused by P. falciparum (most from sub-Saharan
Africa), 15% by P. vivax (the majority from the Indian 
subcontinent) and 9% by P. ovale. In Canada about 400 
cases are reported annually, with 15 severe cases and 1 or 2
deaths each year (Dr. Anne McCarthy, Chair, Malaria Sub-
committee, CATMAT, personal communication, 2003).
This annual figure represents a drop of almost 60% from a
peak of 1036 cases in 1997,6 but may be considerably un-
derestimated owing to underreporting.

Efforts to eradicate malaria have clearly been unsuccessful
in many regions of the world, and current efforts to control
the disease focus on reducing attributable morbidity and mor-
tality. The Roll Back Malaria program — a global partnership
established by the World Health Organization, the World
Bank, the United Nations Development Programme and
UNICEF — has been expanded to include national govern-
ments, nongovernmental organizations, private sector groups
and researchers. The 4 main components of the program in-
clude improving access to effective treatment, preventing

Malaria

Kathryn N. Suh, Kevin C. Kain, Jay S. Keystone

Abstract

Malaria is a parasitic infection of global importance. Although rela-
tively uncommon in developed countries, where the disease occurs
mainly in travellers who have returned from endemic regions, it re-
mains one of the most prevalent infections of humans worldwide.
In endemic regions, malaria is a significant cause of morbidity and
mortality and creates enormous social and economic burdens. Cur-
rent efforts to control malaria focus on reducing attributable mor-
bidity and mortality. Targeted chemoprophylaxis and use of insecti-
cide-treated bed nets have been successful in some endemic areas.
For travellers to malaria-endemic regions, personal protective mea-
sures and appropriate chemoprophylaxis can significantly reduce
the risk of infection. Prompt evaluation of the febrile traveller, a
high degree of suspicion of malaria, rapid and accurate diagnosis,
and appropriate antimalarial therapy are essential in order to opti-
mize clinical outcomes of infected patients. Additional approaches
to malaria control, including genetic manipulation of mosquitoes
and malaria vaccines, are areas of ongoing research.
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malaria during pregnancy, reducing mosquito–human contact
by widespread use of insecticide-treated bed nets and ensuring
timely and appropriate action during malaria epidemics.1

Pathophysiology

Our understanding of the transmission and pathogenesis
of this disease has evolved considerably from the 18th-
century belief that malaria was miasmatic in origin (mal,
bad; aria, air). An appreciation of the life cycle and trans-
mission of plasmodia and the pathophysiology of infection
is key to understanding the disease process.

The life cycle of the malaria parasite, spanning its mos-
quito and human hosts, is shown in Fig. 2. The parasite is
transmitted by night-biting Anopheles mosquitoes. Warm
climates with high humidity and abundant rain create
favourable conditions for mosquitoes by increasing breed-
ing areas and prolonging survival, thereby facilitating trans-
mission. Domestically acquired malaria can occur but is
rare. Such cases include “runway” or “airport” malaria, in
which local transmission of disease has been attributed to
an infected mosquito that was transported on a long-haul
flight,7,8 transmission by local mosquitoes that have ac-
quired the infection from migrants or visitors,9 transfusion-
acquired infection10 and congenital infection.11

The pathogenesis of malaria is best understood for P. fal-
ciparum infection. Several factors contribute to the severity
of clinical disease. High parasite burdens combined with 
the unique ability of infected erythrocytes to adhere to host
endothelium contribute to microvascular occlusion, meta-
bolic derangement and acidosis, which lead to the manifes-
tations of severe malaria (acute respiratory distress syn-
drome, renal insufficiency and cerebral malaria).12 In
addition, a vigorous cytokine response to parasite proteins
released during schizont rupture can contribute to adverse
clinical outcomes.13 Manifestations of disease may also be
related to intravascular hemolysis and parasite consumption
of glucose. Host factors such as sickle cell disease and glu-
cose-6-phosphate dehydrogenase deficiency can modify the
severity of disease.14,15 Infections caused by P. vivax, P. ovale

and P. malariae are generally milder than falciparum mal-
aria; symptoms are related to parasite burden and cytokine
release, since vaso-occlusive phenomena do not occur.

Clinical presentation

The “nonimmune” host

More than 85% of travellers with malaria will experi-
ence symptoms only after they return from an endemic
area.5,16,17 Symptoms of P. falciparum infection are usually
apparent within 8 weeks of return,5,17,18 whereas those
caused by P. vivax may be delayed for several months;5,17

however, most infections will be symptomatic within 1 year
of return regardless of the infecting species. Semi-immune
people such as immigrants and visitors from endemic areas
and those taking chemoprophylaxis may have delayed onset
of illness and mild symptoms.19

Travellers who have visited malaria-endemic areas and
experience fever should be instructed to seek medical atten-
tion immediately; a patient with this presentation should be
considered to have malaria until proven otherwise. Misdi-
agnosis or delayed diagnosis of malaria is common and may
lead to catastrophic results4,16 as nonimmune people are 
at higher risk of developing severe or complicated malaria
(see below). Fever or a recent history of fever (usually
above 38°C) is almost always present, but rarely in the clas-
sic tertian (occurring every 48 hours) or quartan (every 72
hours) pattern;18 more commonly, the fever pattern is hec-
tic. Other nonspecific symptoms include chills, malaise,
headache, myalgias, cough and gastrointestinal symptoms. 

Fever and splenomegaly are the most frequent physical
findings on examination. Less often, hepatomegaly, jaun-
dice and abdominal tenderness are noted. The presence of
rash and lymphadenopathy should suggest an additional or
alternate diagnosis.

The “immune” host 

Although previous infection does produce demonstrable
cellular and humoral immune responses, these are not fully
protective, as evidenced by the repeated infections experi-
enced by people living in endemic areas. However, the
clinical presentation of malaria among such “immune” peo-
ple is typically less severe than in nonimmune people; a sig-
nificant proportion (up to 80%) of immune people with
parasitemia may be completely asymptomatic.20,21

Fever is not a reliable indicator of malaria in endemic
areas, but malaria must always be considered in the pres-
ence of fever. Among Montagnard (Vietnamese) refugees
to the United States who were screened for malaria, for ex-
ample, only 17% of the 58% who were parasitemic re-
ported a history of recent fever.22 Headache, a feeling of
cold and arthralgias are common presenting symptoms in
children.23 Anemia, splenomegaly and hepatomegaly are
commonly associated with malaria.
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Table 1: Geographic distribution of drug-resistant malaria

Plasmodium falciparum
Chloroquine-resistant All areas where P. falciparum infection

occurs except Mexico, Dominican
Republic, Haiti, Central America west
and north of the Panama Canal,
Argentina, North Africa and parts of the
Middle East and China

Mefloquine-resistant Thai borders with Cambodia and
Myanmar

Plasmodium vivax
Chloroquine-resistant Oceania, Myanmar, Guyana, Colombia,

Brazil
Primaquine-resistant Oceania, Southeast Asia, Somalia



Severe and complicated malaria

Severe malaria, as defined by the World Health Orga-
nization, refers to a parasitemic person with 1 or more of
the following: prostration (inability to sit up without
help), impaired consciousness, respiratory distress or pul-
monary edema, seizures, circulatory collapse, abnormal
bleeding, jaundice, hemoglobinuria or severe anemia (he-
moglobin < 50 g/L or hematocrit < 15%).24 Prostration
and altered consciousness occur frequently in both chil-
dren and adults with severe disease; respiratory distress,
seizures and severe anemia are more common in children,
whereas renal failure and jaundice occur more frequently
in adults.24 Acute respiratory distress syndrome, an im-
mune-mediated complication, often occurs during the
second to fourth day of treatment, even when parasitemia
is decreasing.25 Severe malaria usually occurs with para-
sitemia of 5% or more, and even with optimal manage-
ment, the mortality rate exceeds 20%.26

At highest risk of complications from malaria are non-
immune people and children and pregnant women who live
in endemic regions. Complications generally involve the
central nervous, pulmonary, renal and hematopoietic sys-
tems. Hypoglycemia occurs because of parasite consump-
tion of glucose and treatment with quinine; acidosis is an-
other common metabolic derangement. Severe anemia,

acute renal failure, respiratory failure, intravascular hemo-
lysis and coagulopathies, and shock may develop. Bacterial
infection may occur as a complication of malaria itself (e.g.,
aspiration pneumonia) or may be iatrogenic. One of the
most serious complications is cerebral malaria, manifested
by altered level of consciousness, focal neurologic findings
and seizures. Mortality is high (15% to 25%), and survivors
may have residual neurologic deficits.

Although semi-immune people and those living in en-
demic regions tend not to experience severe malaria, they
may still experience complications from recurrent infec-
tions. In children, severe anemia is the most common
complication of chronic malaria, with hematocrits not in-
fequently approaching 15%. Massive splenomegaly caus-
ing abdominal pain may be associated with both bone
marrow and immune dysfunction (hyperactive malarial
splenomegaly). Nephrotic syndrome has also been attrib-
uted to falciparum malaria in endemic areas,27 as has
splenic lymphoma.28

Laboratory findings

Hematologic abnormalities are common: thrombocy-
topenia (platelet count < 150 × 109/L) occurs in up to 70%
of patients and anemia in 25%. The leukocyte count is nor-
mal or low; leukocytosis is seen in less than 5% of cases and
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Fig. 1: Global distribution of malaria. Drug resistance is represented by the shaded areas (see legend).
This map is intended as a visual aid only; online sources of country-specific malaria risk are provided
in “Additional Resources.” Reproduced, with permission, from the Committee to Advise on Tropical
Medicine and Travel, Health Canada. Canadian recommendations for the prevention and treatment of
malaria among international travellers — 2003. Can Commun Dis Rep 2004;30(Suppl 1). In press.



is a poor prognostic factor.24 Liver function test results are
often abnormal; transaminase levels are elevated in about
25% of cases, bilirubin in one-third and lactose dehydroge-
nase in up to 80%. An elevated bilirubin level in the face of
a high lactate dehydrogenase level suggests hemolysis and
is often a clue to diagnosis. Electrolyte abnormalities, espe-
cially hyponatremia, and an elevated creatinine level may
be present. Hypoglycemia is rare on presentation except in
those with very high parasitemias. Metabolic acidosis is
usually associated with severe disease. Radiologic investiga-
tions are often unremarkable, although noncardiogenic
pulmonary edema is not uncommon with severe malaria.

Diagnosis

A high degree of suspicion and rapid diagnosis are es-
sential to optimize outcome. Thick and thin peripheral
blood smears, stained with Giemsa stain (or, alternatively,

Wright’s or Field’s stains), remain the “gold standard” for
routine clinical diagnosis (Fig. 3). Malaria smears permit
both species identification and quantification (expressed as
a percentage of erythrocytes infected or as parasites per
microlitre) of parasites. Malaria should not be excluded
until at least 3 negative blood smears have been obtained
within 48 hours. However, processing and interpretation
of malaria smears require appropriate equipment as well as
considerable training and expertise, factors that limit their
use in endemic regions. Furthermore, accurate interpreta-
tion of malaria smears remains problematic in many estab-
lished clinical laboratories, especially those outside major
referral centres.16,29

Rapid malaria tests, which require minimal skill to per-
form and interpret, have been developed to overcome the
problems of malaria smears. The most practical of these are
the rapid antigen detection tests (RDTs), which detect para-
site proteins in finger-prick blood samples.30 RDTs cur-
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Fig. 2: The plasmodia life cycle. The human (asexual) stage of the life cycle begins with the exoerythrocytic phase. When
an infected mosquito bites a human, sporozoites in the mosquito’s saliva enter the bloodstream (1). The sporozoites travel
to the liver, where they invade hepatocytes (2); over a period of up to 4 weeks, the infected hepatocytes mature into 
schizonts. In Plasmodium vivax and P. ovale infections only, some schizonts may remain dormant as hypnozoites (3) for
weeks to years before causing clinical relapses. With schizont rupture, merozoites are released into the bloodstream (4). In
the erythrocytic phase, merozoites invade erythrocytes and either undergo an asexual cycle of reproduction (5) or develop
into nonmultiplying sexual forms (gametocytes) (6). These gametocytes are crucial for perpetuating the life cycle, as they
are ingested by a feeding mosquito (7) and undergo sexual reproduction within the mosquito midgut; thousands of infec-
tive sporozoites (8) are produced, which then migrate to the salivary glands, ready to initiate another life cycle.
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rently available can identify only P. falciparum and P. vivax,
however. Malaria rapid test, manufactured by Makro Med-
ical (Pty) Ltd., is the only test currently licensed for use in
Canada. Important shortcomings of RDTs include their in-
ability to quantitate parasitemia and suboptimal test perfor-
mance with low-level parasitemia. Furthermore, because
antigenemia may persist for prolonged periods even after
treatment,31 some RDTs are unreliable as tests of cure.
Nonetheless, their simplicity may make them attractive and
useful alternatives to blood smears, particularly in laborato-
ries where expertise in reading blood films is lacking or in
centres where malaria is infrequently encountered. Based on
clinical studies involving both travellers to and residents of
endemic areas, the overall sensitivity and specificity of
RDTs for the detection of falciparum malaria are over
90%.32,33 However, sensitivity falls dramatically with low-
level parasitemia,34,35 and at present RDTs cannot be used
alone to exclude malaria.

Polymerase chain reaction (PCR) is a sensitive (> 90%)
and highly specific (almost 100%) test.36 It can detect ex-
tremely low numbers of parasites (and thus may be par-
ticularly useful in smear-negative cases) and is species-
specific. However, most PCR assays do not have suffi-
ciently rapid turnaround times to be clinically useful;
therefore, PCR remains largely an investigational tool. Re-
cent advances in real-time detection and automated DNA
extraction may soon become available for routine labora-
tory diagnosis.37 Acridine orange staining (fluorescence mi-
croscopy) is technically difficult, requires special equip-
ment and training, and is not widely used.30 Other
diagnostic methods include automated detection of malaria
pigment38 and flow cytometry.39 Serologic tests have no role
in the diagnosis of acute malaria.

Treatment

The treatment of malaria depends on the infecting plas-
modia species, the geographic area of acquisition (which af-
fects the likelihood of drug resistance) and the severity of
infection. Falciparum malaria in the nonimmune person is

a medical emergency and requires rapid initiation of anti-
malarial therapy. If the species cannot be immediately iden-
tified, the patient should be assumed to have drug-resistant
falciparum malaria until proven otherwise. Hospital admis-
sion is advised for those with falciparum malaria or in
whom the infecting species cannot be identified, and for
those who are severely ill.

Current guidelines and drug dosages for treatment of
uncomplicated malaria are outlined in Table 2. Uncompli-
cated falciparum malaria may be treated with oral therapy.
The choice of agent is determined by the likelihood of in-
fection with a drug-resistant strain (Table 1). Although
mefloquine alone can be used for chloroquine-resistant
strains, it is not well tolerated and combination therapy us-
ing atovaquone plus proguanil or quinine–doxycycline is
preferred (Table 2).  

For P. vivax (except that acquired in New Guinea) and
P. ovale infection, treatment involves a course of chloro-
quine, followed by 14 days of primaquine to eradicate hyp-
nozoites and prevent relapses of disease. Chloroquine- and
primaquine-resistant strains of P. vivax have been reported
and require alternative therapies for treatment (Table 2).
Infection caused by P. malariae is easily treated with
chloroquine alone except possibly in Indonesia, where re-
sistant strains have recently been reported.40

Adverse effects of and contraindications to antimalarial
medications are listed in Table 3.  Pregnant women should
not receive doxycycline, primaquine (because the glucose-
6-phosphate dehydrogenase status of the fetus is unknown),
mefloquine (particularly during the first trimester) or ato-
vaquone–proguanil (there are currently no data regarding
safety in pregnancy). Doxycycline is contraindicated during
breast-feeding.    

People with severe falciparum malaria and those unable
to tolerate oral regimens require parenteral therapy, as out-
lined in Table 4. Quinine is the preferred parenteral ther-
apy; if quinidine must be used, cardiac monitoring is re-
quired to watch for QT-interval prolongation. Quinine is
not marketed in Canada but may be obtained by contacting
the nearest Canadian Malaria Network centre (listing avail-
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Fig. 3: Stages in the life cycle of Plasmodium falciparum.A: Ring forms (early trophozoites).
B: Mature schizont, rarely seen in peripheral blood smears because of microvascular seques-
tration. C: Gametocyte, demonstrating the classic banana shape. Source: Division of Parasitic
Diseases, US Centers for Disease Control and Prevention, Atlanta. 
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able online at www.travelhealth.gc.ca, by phone from the
national coordinating centre, 613 737-7777 x2723, or after
hours from the on-call pharmacy technician at 613 737-
7777). Artemisinin derivatives, commonly used in Africa
and Asia for the treatment of severe disease, are unavailable
in Canada. The benefit of exchange transfusion is unclear;41

it may be considered when parasitemia is higher than 30%,
when parasitemia higher than 10% is accompanied by clin-
ical complications (pulmonary, renal or cerebral) or has not
resolved after 12 to 24 hours of appropriate therapy, or if
the prognosis is poor.24 Anticoagulants and systemic steroid
therapy have no role in the treatment of severe malaria.

The majority of patients will be cured with appropriate
therapy; failures, when they occur, are usually evident
within the first month after treatment.  Repeat blood films
are recommended 2, 7 and 28 days after therapy as tests of
cure, and if symptoms recur.6

Prevention

Prevention in travellers

Malaria in travellers is preventable. No prophylactic regi-
men is 100% effective, however, and travellers must be told
to seek medical attention immediately if they experience fever
during or after travel, especially within the first 2 months af-
ter returning home. All travellers to malaria-endemic areas,
including expatriates of such areas, should receive pretravel
counselling from a qualified health care provider or travel
medicine centre. A listing of travel medicine clinics in Canada
is available online at www.travelhealth.gc.ca.

Travellers should avoid outdoor activity after dusk to re-
duce exposure to night-biting Anopheles mosquitoes. If this is
not feasible, then reducing risk with the use of long-sleeved
shirts and pants (weather permitting) is advised (perme-
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Table 2: Oral treatment for uncomplicated malaria (where choices exist, agents are listed in order of preference)

Species Drug* Adult dose Pediatric dose

P. falciparum
Chloroquine-sensitive Chloroquine (base) 600 mg, followed by 600 mg 24 h

and 300 mg 48 h later OR

600 mg, followed by 300 mg at
6–12, 24 and 36–48 h

10 mg/kg, followed by 10 mg/kg 24 h
later and 5 mg/kg 48 h later OR

10 mg/kg, followed by 5 mg/kg at 6–12,
24 and 36–48 h

Note: total dose 25 mg/kg to maximum
1.5 g over 3 d

Chloroquine- or
mefloquine-resistant

Atovaquone–proguanil†

OR

4 tablets once daily × 3 d 11–20 kg: 1 tablet once daily × 3 d
21–30 kg: 2 tablets once daily × 3 d
31–40 kg: 3 tablets once daily × 3 d
> 40 kg: 4 tablets once daily × 3 d

Quinine sulfate (base)
plus one of‡
Doxycycline
or
Clindamycin (base)

500 mg every 8 h × 7 d

100 mg twice daily × 5–7 d

300 mg every 6 h × 5–7 d

7.5 mg/kg (max 500 mg) every 8 h × 7 d

≥ 8 yr only: 1.5–2 mg/kg (max 100 mg)
     twice daily × 5–7 d
5 mg/kg (max 300 mg) every 8 h × 5–7 d

P. vivax
Chloroquine- and
primaquine-sensitive

Chloroquine (base)
plus
Primaquine (base)§

As above

30 mg/d × 14 d

As above

0.5 mg/kg (max 30 mg) × 14 d

Chloroquine-resistant Atovaquone–proguanil†
plus
Primaquine (base)§

As above

As above

As above

As above

Primaquine-resistant Chloroquine (base)
plus
Primaquine (base)§

As above

30 mg/d × 14 d

As above

0.5 mg/kg (max 30 mg) × 14 d

P. ovale Chloroquine (base)
plus
Primaquine (base)

As above

15 mg/d × 14 d

As above

0.3 mg/kg (max 15 mg) × 14 d

P. malariae Chloroquine (base) As above As above

*See text for contraindications.
†One tablet of atovaquone–proguanil contains 250 mg of atovaquone and 100 mg of proguanil.
‡The second agent (doxycycline or clindamycin) should be given concurrently with or immediately after quinine.
§Because of increasing primaquine-resistant P.vivax malaria globally, the previous standard regimen of 15 mg (base) per day has been doubled. Relapses of
primaquine-resistant P. vivax infection may respond to re-treatment with a 28-day course of primaquine.



thrin-impregnated clothing exists but is not yet available in
Canada). A permethrin-impregnated bed net is recom-
mended if the sleeping environment is not secure from
mosquitoes.42 Insect repellents containing a maximum of
50% DEET (N,N-diethyl-m-toluamide, also known as
N,N-diethyl-3-methylbenzamide) should be applied to ex-
posed skin, especially after dusk; higher concentrations of
DEET offer no additional advantage. DEET is safe for use
in pregnant and breast-feeding women; lower concentra-
tions and less frequent applications should be used with
children to reduce the risk of neurotoxic events that may oc-
cur with excessive or prolonged use.43

Chemoprophylactic agents should be selected on the ba-
sis of individual risk, known drug resistance patterns (Table
5) and other medical conditions that may limit the use of
certain agents (Table 3). Doses are outlined in Table 6.
Mefloquine appears to be safe in the second and third
trimesters of pregnancy, and a risk–benefit decision must
be made for women who require the drug during the first
trimester. Standby therapy (self-treatment) does not re-
place the need for medical attention but may be life-saving
in people who are unable to obtain medical care quickly;
however, since adherence and follow-up are generally poor,
it should be used only in very limited circumstances.44

Prevention in residents of endemic areas

Limited financial resources pose considerable barriers to
malaria prevention and control efforts in en-
demic areas. Vector control has met with
limited success. Targeted chemoprophylaxis
and permethrin-impregnated bed nets have
been successfully used against malaria in
these regions.

Mass chemoprophylaxis in endemic areas
is unfeasible for financial and other reasons.
However, targeted chemoprophylaxis of
those at highest risk of severe malaria (chil-
dren and pregnant women, particularly
primigravidae) has been successfully imple-
mented in some regions, although drug cost
and delivery may still be problematic. Ane-
mia (which also contributes to childhood
mortality) and malaria-related morbidity and
mortality can be reduced in children less
than 5 years of age who receive either inter-
mittent or continuous chemoprophylaxis.45

Prevention of severe malaria results in fewer
acute care visits and reduces hospital admis-
sion rates, and thereby improves utilization
of health care resources.45 Although “re-
bound” episodes of malaria may occur after
prophylaxis is discontinued, these do not ap-
pear to be associated with an increase in
mortality, and clinical immunity also appears
to be preserved.45 Chemoprophylaxis during

pregnancy increases infant birth weight and survival, al-
though this effect is largely limited to primigravidae.46,47

Insecticide-treated bed nets (ITNs) offer effective pro-
tection against malaria. In contrast to chemoprophylaxis,
the benefits are not limited to individual users but may be
conferred to communities as a whole.48,49 The use of ITNs
in malaria-endemic regions significantly reduces the inci-
dence of malaria and childhood mortality,42,50 as well as of
anemia and malaria during pregnancy.51 In clinical trials,
acceptance and usage rates have been high and are inde-
pendent of prior experience with ITNs. Although a rela-
tively inexpensive preventive measure by our standards, the
cost of maintaining nets may be prohibitive to individual
users in developing countries, and the overall costs associ-
ated with implementing and maintaining an ITN program
are still unaffordable for many developing nations.

Future directions for malaria control and
prevention

In addition to the initiatives outlined in the Roll Back
Malaria program, another malaria control effort is the
Malaria Genome Project. This is a collaborative effort to se-
quence the entire genome of P. falciparum, knowledge of
which should help identify targets for improved diagnostic
methods, new antimalarial drugs and vaccine development.52

There are currently no effective vaccines against malaria.
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Table 3: Adverse effects of and contraindications to antimalarial drugs
(listed alphabetically)

Drug Adverse effects* Contraindications†

Atovaquone–proguanil Usually well tolerated Not currently recommended
during pregnancy (no data)

Chloroquine Usually well tolerated Generalized psoriasis; seizure
disorder

Doxycyline Photosensitivity; erosive
esophagitis; vaginal
candidiasis

Children < 8 yr of age;
pregnancy and breast-feeding

Mefloquine High incidence of seizures
and psychosis with treatment
doses (1:100 to 1:1700)

Cardiac conduction delays;
psychiatric or seizure
disorders; use with caution in
pregnancy, especially in first
trimester

Primaquine Usually well tolerated Glucose-6-phosphate
dehydrogenase deficiency;
pregnancy

Quinidine QT-interval prolongation;
cardiac arrhythmias;
cinchonism (headache,
nausea, vomiting, tinnitus,
hearing loss)

Prolonged QT interval;
high degree atrioventricular
conduction block; myasthenia
gravis

Quinine Reversible cinchonism;
hypoglycemia

Glucose-6-phosphate
dehydrogenase deficiency;
tinnitus or optic neuritis;
myasthenia gravis

*Gastrointestinal upset may occur with any oral antimalarial agent.
†Includes hypersensitivity reactions that have occurred with previous use.



As mentioned earlier, host immune responses to malaria con-
fer only partial protection against subsequent infections. The
abundance of possible antigenic targets, the lack of cross-
reactivity among these targets and the parasite's demonstrated
ability to elude human immune responses pose tremendous
challenges in the development of effective malaria vaccines. 

Molecular manipulation of mosquito genomes to create
mosquitoes that are incapable of becoming infected by and
transmitting malaria (transgenic mosquitoes) is an interest-
ing avenue for the prevention of malaria but has not yet
been realized.

Summary

Malaria is a preventable infection that carries with it an
enormous global burden. The majority of malaria cases
and deaths occur in impoverished regions of the world in
which malaria is endemic, and the disease poses a signifi-
cant economic burden for these regions. More attention
and additional resources must be paid to improving pre-
vention, control and treatment if global control of malaria
is to be achieved.

For travellers, improved education regarding malaria risk,

Suh et al

1700 JAMC • 25 MAI 2004; 170 (11)

Table 4: Treatment of severe falciparum malaria (where choices exist, agents are listed in order of preference)

Chloroquine-sensitive
Chloroquine (base) 10 mg/kg given intravenously over 8 h, followed by 15 mg/kg intravenously over 24 h

Chloroquine-resistant
If an infusion
pump is
available

Quinine (base) 5.8 mg/kg
loading dose* (quinine
dihydrochloride [salt]
7 mg/kg) intravenously by
infusion pump over 30 min
followed immediately by

8.3 mg base/kg (quinine
dihydrochloride [salt]
10 mg/kg) diluted in 10 mL
isotonic fluid/kg by
intravenous infusion over
4 h, repeated every 8 h
(maintenance dose) for up
to 72 h or until patient can
swallow, then

quinine tablets to complete
7 d of treatment

OR

if parenteral
quinine is
unavailable

Quinidine (base) 6.2 mg/kg
loading dose (quinidine
gluconate [salt] 10 mg/kg)
given intravenously over
1 to 2 h, followed by

quinidine (base)
0.0125 mg/kg per min
(quinidine gluconate [salt]
0.02 mg/kg per min) by
infusion pump (maintenance
dose) for up to 72 h or until
patient can swallow, then

quinine tablets to complete
7 d of treatment

plus one
of the
following†

Doxycycline
(intravenously or orally;
doses as per Table 2)

OR

Clindamycin 10 mg
base/kg intravenously
once, followed by 5 mg
base/kg intravenously
every 8 h (oral doses as
per Table 2)

Without an
infusion
pump

Quinine (base) 16.7 mg/kg
loading dose*  (quinine
dihydrochloride [salt]
20 mg/kg), by intravenous
infusion over 4 h, then

8.3 mg base/kg (quinine
dihydrochloride [salt]
10 mg/kg) diluted in 10 mL
isotonic fluid/kg by
intravenous infusion over
4 h, repeated every 8 h
(maintenance dose) for up
to 72 h or until patient can
swallow, then

quinine tablets to complete
7 d of treatment

OR

if parenteral
quinine is
unavailable

Quinidine (base) 15 mg/kg
loading dose (quinidine
gluconate [salt] 24 mg/kg)
in a volume of 250 mL of
normal saline infused over
4 h, followed by

a maintenance dose,
beginning 8 h after the
beginning of the loading
dose, of quinidine (base)
7.5 mg/kg (quinidine
gluconate [salt] 12 mg/kg)
infused over 4 h, every 8 h
for up to 72 h or until
patient can swallow, then

quinine tablets to complete
7 d of treatment

plus one
of the
following†

Doxycycline
(intravenously or orally;
doses as per Table 2)

OR

Clindamycin 10 mg
base/kg intravenously
once, followed by 5 mg
base/kg intravenously
every 8 h (oral doses as
per Table 2)

*Loading dose of quinine should not be given if patient has received quinine, quinidine or mefloquine in the preceding 24 hours. The dose of quinine or quinidine should be reduced by one-third
to one-half on the third day of therapy if there is no improvement or if acute renal failure develops. Regardless of the initial therapy, switch to oral quinine therapy as soon as possible to complete
a 7-day course of therapy.
†The second agent (doxycycline or clindamycin) should be given concurrently with or immediately after quinine or quinidine.  A 7-day course of doxycycline or clindamycin should be given.
Alternatively, once the parasitemia is less than 1% and oral therapy is tolerated, a 3-day course of atovaquone–proguanil is a reasonable option.



prevention and treatment is required. Travellers to malaria-
endemic areas should receive a thorough pretravel assess-
ment from a properly qualified health care provider, since
appropriate personal protective measures and chemoprophy-
lactic regimens can significantly reduce the risk of malaria.
Returned travellers who experience fever should seek med-
ical attention immediately, and physicians assessing such pa-
tients should order urgent malaria smears and consider con-
sultation with an expert in tropical diseases. Delays in
seeking medical care, misdiagnosis and inappropriate or de-
layed treatment may result in disastrous outcomes. Physi-
cians unfamiliar with the diagnosis and management of
malaria should consult an infectious disease or tropical medi-
cine specialist immediately if malaria is suspected.
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Additional resources

• Health Canada Travel Medicine Program: www.travelhealth.gc.ca; 24-hour
malaria information by fax (613 941-3900)

• US Centers for Disease Control and Prevention: www.cdc.gov/travel; 24-hour
malaria information by phone (888 232-3228) and fax (888 232-3299)

• Malaria Foundation International: www.malaria.org
• World Health Organization: www.who.int/ith


