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EXECUTIVE SUMMARY
The Canadian Recommendations for the Prevention and Treatment of Malaria Among International 
Travellers developed by the Committee to Advise on Tropical Medicine and Travel (CATMAT) on 
behalf of the Public Health Agency of Canada (the Agency), are designed for Canadian health 
practitioners who are preparing travellers to visit areas with malaria risk and for those who are 
dealing with ill returned travellers. These recommendations aim to ensure appropriate diagnosis 
and management of this potentially life threatening infectious disease. Many Canadian practitioners 
may have limited experience with this “exotic” tropical disease, it is hoped that these guidelines will 
be of valuable assistance.

The Public Health Agency of Canada is committed to provide evidenced-based guidelines and to 
make these accessible to practicing clinicians. The guidelines generally follow the same format as 
previous editions, addressing specifically the traveller risk assessment, drugs for prophylaxis and 
treatment, as well as instruction on management of malaria cases. With this edition there have 
been some important changes and additions.

In the risk assessment section (Chapter 2) we have introduced the use of length of stay threshold 
whereby optional use of chemoprophylaxis (with personal protective measures) is recommended for 
short stays (≤ 2 weeks) for certain countries. This same threshold has been applied to Appendix 1: 
Malaria Risk by Geographic Area. The consensus of the authors was that this will provide practitioners 
with increased flexibility to better tailor their individualized risk assessment for each traveller.

There has been the addition of a new insect repellent—20% icaridin (recently registered in Canada), 
this is recognized as an equivalent to DEET as first-line choice for mosquito repellent (Chapter 3). 

The section on malaria chemoprophylaxis (Chapter 4) has been refined, with an aim to help the 
practitioner assessing travellers to better navigate the drug choices available. These changes 
include a simplified, step-wise approach to selecting malaria prophylaxis; comprehensive listings of 
medications and malaria risk by country/area, presented in easy to understand tables; and expansion 
of the explanation about differences in approaches to malaria prophylaxis in other jurisdictions.

Chapter 5, Malaria Issues in Special Hosts has been expanded, recognizing the increasing numbers 
of travellers who may be at increased risk of acquiring malaria, having severe disease, or having 
more dire consequences. The special host section includes guidelines for diverse populations 
including children, migrants, travellers visiting friends and relatives (VFRs), management of women 
who are pregnant or breastfeeding, malaria prevention in expatriates and dealing with individuals 
with co-morbidities. 

The section on treatment of malaria (Chapter 7) includes updated information on the management 
of severe malaria, including new information on the use of exchange transfusion. 

There have been a number of changes to the section on Drugs for the Prevention and Treatment 
of Malaria (Chapter 8), which outlines the drugs used for malaria prevention and treatment. There 
is an update on primaquine use for malaria prophylaxis and prevention; additional up to date 
information on pediatric dosing of atovaquone/proguanil, as well as general updates to Table 8.11: 
Drugs (generic and trade name) for the treatment and prevention of malaria. Revisions have also 
been made to the following sub-sections: artemisinins, chloroquine, mefloquine (with increased 
emphasis on selection or avoidance of this drug based on individual tolerability), quinine/quinidine.
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There has been extensive updating and editing on the appendices, especially Appendix 1. 

There has been an important addition to Appendix 1: Malaria Risk by Geographic Area, we now 
present the option of personal protection measures without anti-malarial medication in some 
circumstances. This applies to short stays in a small number of countries where malaria risk is low.

There is a new “Malaria Card” that can be given to travellers with information about their malaria 
chemoprophylaxis, and an important reminder to seek medical attention in the event of a fever 
illness after travel.
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Chapter 1: INTRODUCTION
Malaria is a common and serious infection caused by five different species of the genus Plasmodium: 
falciparum, vivax, ovale, malariae and knowlesi. Malaria is transmitted by the bite of infected female 
anopheline mosquitoes. Rarely, transmission may occur through transfused blood (1), by sharing 
needles or from mother to fetus (2). 

The disease is characterized by fever and flu-like symptoms such as myalgia, headache, abdominal 
pain and malaise. Rigours and chills often occur. The alternate-day or periodic fevers described 
above are, in fact, often not present. 

»» The symptoms of malaria are nonspecific, and definitive diagnosis is not possible 
without microscopy of a blood film or an antigen detection test (rapid diagnostic test).

Malaria-associated deaths are frequently the result of delays in the diagnosis and treatment of the 
infection (3;4). Infections caused by P. falciparum have the highest fatality rates but all the species 
have the potential to cause severe disease. The majority of deaths due to malaria are preventable.

Widespread resistance of P. falciparum to chloroquine has complicated the prevention and 
treatment of malaria. Drug-resistant strains of malaria are now common in much of the world. 

According to the World Health Organization (WHO), about 3.3 billion people were at risk of malaria 
in 2010, resulting in an estimated 219 million cases, of which about 80% occurred in 17 countries 
and about 40% were in India, Nigeria and the Democratic Republic of Congo (4). In that same year, 
there were 660,000 malaria-associated deaths worldwide, of which about 80% occurred in 14 
countries (4). Figure 1 shows the trends in reported malaria incidence between 2000 and 2011. 

The global health goals of the Millennium Development Goals (MDGs) include a target to halt 
the spread of malaria by 2015 and to begin to reverse its incidence (5). A recent report on the MDGs 
indicates that between 2000 and 2009, malaria-associated deaths worldwide were reduced by about 
20% through the use of critical interventions involving tools effective in preventing and treating the 
disease. The focus was on sub-Saharan Africa. Since 2000, 11 countries in Africa have reduced the 
number of confirmed malaria cases and deaths by 50% (5).

The Canadian Notifiable Diseases Surveillance System (CNDSS), a passive surveillance system 
co-ordinated by the Public Health Agency of Canada (the Agency), is used to monitor more than 
40 nationally notifiable infectious diseases. Notification by provinces and territories to the federal 
level is voluntary, and cases are based on predetermined surveillance definitions. From 2001 to 
2011, 4,254 cases of malaria were diagnosed and reported to the CNDSS; between 2009 and 
2011, 18.3% of 1,387 reported cases were among those aged 19 years or less (D Taylor, 
unpublished data, 2013). 

From 2006 to 2010, there were 7,542 malaria cases reported to the Centers for Disease Control 
and Prevention in the United States (annual average: 1,508 cases; range: 1,298–1,691 cases). 
Children (< 18 years) represented 19% of these cases (1,418) and 360 (5%) were aged 4 years 
or less (K Cullen and P Arguin, unpublished data, 2012).

In 2009, 35% of Canadian travellers who went to a destination other than the United States visited 
a country with a risk of malaria, an increase of 131% from 2000 (4;6). There were 94 cases of malaria 
diagnosed among returned Canadian travellers presenting to the five Canadian GeoSentinel 
Surveillance Network sites between September 2009 and September 2011; 60% of these cases 
were caused by P. falciparum (7).
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FIGURE 1: Trends in reported malaria incidence, 2000–2011*

Trends in malaria incidence
Not applicable or malaria-free
On track for 75% decrease in incidence 2000–2015
50–75% decrease in projected incidence 2000–2015
<50 decrease in projected incidence 2000–2015
Increase in incidence 2000–2011
Insufficently consistent data

*	 This map is intended as a visual aid only; see Appendix I for specific country recommendations. Reproduced with permission from: 
WHO, 2013 (8). 

The Canadian Malaria Network (CMN), in collaboration with the Agency and Health Canada’s 
Special Access Programme, maintains supplies of intravenous artesunate and intravenous quinine 
at major medical centres across the country to facilitate rapid access to effective treatment of 
severe malaria. See Appendix V for information on the CMN sites.

From August 2001 to August 2012, there were 195 cases diagnosed with severe or complicated 
malaria reported to the CMN. Of these 195 cases, 21.1% were aged 17 years and younger and 
88.2% were assumed to have acquired malaria in Africa. Where the reason for travel was known, 
25.1% were visiting friends and relatives, 17.9% were immigrants, 14% were business travellers and 
8% were on vacation. Parenteral quinine was requested for 62.6%, artesunate for 36.4% and both 
for 1.0%. There were delays in malaria management; only 19.5% presented to medical care within 
24 hours of onset of symptoms, and 43.8% waited more than three days before seeking medical 
care. Diagnosis was delayed more than 24 hours in 33.5% of the cases (9) (Personal communication, 
A McCarthy and J Geduld, 2012). 

Almost all malaria-associated deaths among travellers are due to P. falciparum. The overall case-
fatality rate of imported falciparum malaria varies from about 1% to 5% and increases to 20% 
for those with severe malaria, even when the disease is managed in intensive care units (9;10). 
Progression from asymptomatic infection to severe and complicated malaria can be extremely 
rapid, with death occurring within 36 to 48 hours. The most important factors that determine 
patient survival are early diagnosis and appropriate therapy.
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Chapter 2: PREVENTION AND  
RISK ASSESSMENT
The components of malaria prevention are often described as the ABCDs of malaria. All travellers 
to areas where malaria is endemic need to: 

a)	 be aware of the risk of Acquiring malaria infection (described in this chapter),

b)	 know how to avoid mosquito Bites (see Chapter 3),

c)	 take Chemoprophylaxis, as appropriate (see Chapter 4), and

d)	 understand the need to be urgently Diagnosed and treated if they have a fever  
(see Chapters 6 and Chapter 7).

Appendix II provides a checklist for people preparing to travel to malarial areas.

RISK OF ACQUIRING MALARIA BY DESTINATION
Although data that characterize risk of malaria by destination for Canadian travellers are not 
currently available, there are such data for other populations (1). For example, based on case 
reports and volume of travel to a given country, the Centers for Disease Control and Prevention 
(CDC) in the United States reported that risk of acquiring malaria was highest for those travelling 
to west Africa and parts of Oceania; moderate for other parts of Africa, parts of South America 
and south Asia; and lower for much of Central America, the Caribbean, Mexico and other parts of 
Asia and South America (2–4). This hierarchy accords with data from other surveillance networks, 
including GeoSentinel (5–11), and with extrapolations from country-specific endemicity estimates 
(12–14). Given such consistency, the Committee to Advise on Tropical Medicine and Travel 
(CATMAT) considers that it is highly likely that the geographic risk stratification articulated by 
the CDC can be applied to Canadian travellers. 

Appendix I shows a country-by-country characterization of malaria transmission areas. Regional 
and/or city-specific information is also sometimes provided. These data were extracted from 
travel-specific risk characterizations published by the World Health Organization, the CDC and the 
International Association for Medical Assistance to Travellers (15–17). These risk characterizations 
are generally consistent; the most obvious differences relate to difference in recommendations for 
chemoprophylaxis in areas with low endemicity. In these few countries (see Appendix 1), CATMAT 
uses a length-of-stay threshold and recommends the use of personal protective measures (PPM) 
and the optional use of chemoprophylaxis for short stays (see Box 2.1).

ASSESSING MALARIA RISK
Many factors can affect the risk of acquiring malaria or the development of adverse outcomes. 
There are also health risks, although relatively uncommon, associated with malaria interventions, 
particularly chemoprophylaxis. Deciding on the way to prevent malaria involves balancing these 
risks with expected benefits and with individual preferences. Unfortunately, there is no easy-to-
follow recipe that allows for this—malaria is a disease of subtleties and its prevention is similarly 
nuanced. Because of this complexity, CATMAT suggests a two-component process for malaria 
risk assessment: an exposure assessment and a host assessment.
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EXPOSURE ASSESSMENT
CATMAT defines exposure assessment as an evaluation of the probability that an individual will 
be bitten by potentially infected mosquitoes. Depending on the species and location, malaria 
mosquitoes can bite inside and/or out and usually between late afternoon and morning. The 
number of vectors (and hence transmission intensity) tends to be higher in rural areas (at least 
partly because of the wider availability of sites for the larvae to develop), can vary seasonally and 
decreases with altitude so that risk is often absent or negligible in highland areas (> 2,000 m or 
6,500 ft) (see Appendix I for country-specific information on malaria risk and altitude). Although 
not always feasible, knowing the habits of the principal vector(s) in an area is useful for assessing 
exposure. The CATMAT Statement on Personal Protective Measures to Prevent Arthropod Bites 
provides additional information on this topic, and a number of publications provide information 
on malaria vectors by geographic area (15;18–22). 

A detailed review of the travel itinerary is critical to determine whether the traveller will be visiting 
malaria-endemic areas (Appendix I). If so, then evaluation of the risk of exposure should be done. 
Factors to consider include:

•	 Expected level of endemicity in the area(s) in the travel itinerary: as noted above, transmission 
intensity is highest in west Africa and Oceania, moderate in other areas of Africa and in some 
areas of South America and south Asia, and low through much of the Caribbean, Central 
America, Mexico and other areas of South America and of Asia (2–4);

•	 Presence/predominance of Plasmodium falciparum: infections caused by P. falciparum have 
the highest fatality rates;

•	 Duration of exposure: longer periods of travel are generally associated with increased risk 
(see Box 2.1);

•	 Destination: rural travel is generally more likely to result in exposure than peri-urban travel, 
and peri-urban travel is more likely to result in exposure than urban travel. CATMAT considers 
the risk of malaria in urban centres of southeast Asia and Central and South America and in 
large resort areas in the Caribbean and Mexico to be minimal;

•	 Season: risk can be higher during or soon after the rainy season due to larger 
mosquito populations;

•	 Night-time exposure;

•	 Presence of drug-resistant malaria (see Appendix I): chloroquine-resistant P. falciparum is 
widespread in all malaria-endemic areas of the world, except for Mexico, the Caribbean, 
Central America west of the Panama Canal, and parts of the Middle East (23). Chloroquine- 
and mefloquine-resistant P. falciparum has been confirmed in the Thai-Cambodia, Thai-Burma 
(Myanmar), China-Burma (Myanmar) and Lao-Burma (Myanmar) border areas, as well as in the 
western provinces of Cambodia, the eastern states of Burma (Myanmar) and southern Vietnam;

•	 Availability and likelihood of use of other interventions (e.g. PPM); and

•	 Availability of information to suggest that endemicity for a given area has changed. Health 
care providers providing pre-travel care should monitor appropriate sites (e.g. Public Health 
Agency of Canada and CDC websites, ProMed) to stay abreast of new information about 
malaria risks. This is especially relevant for regions considered as being minimal risk because 
changes might mean the difference between not recommending and recommending the use 
of malaria chemoprophylaxis. 
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HOST ASSESSMENT
CATMAT defines host assessment as an evaluation of the individual traveller’s health as it relates to 
the potential hazard(s) of clinical malaria and the indications for specific malaria chemoprophylaxis. 
Host assessment should also involve evaluating individual preferences regarding risk management. 
Factors to consider include: 

•	 General health of the individual: primary considerations include factors that might cause 
adverse outcomes (e.g. age, pregnancy, chronic illnesses such as HIV, etc.) or that might 
affect the choice of chemoprophylactic agent(s) (e.g. age, pregnancy, cardiac or neurological 
conditions) (see Chapters 3, 5 and 8);

•	 Possibility of drug-drug interactions (see Chapters 3 and 8); 

•	 Likelihood that the traveller will be able to readily access appropriate medical care: travellers 
should be informed that reliable malaria diagnostics and treatments might not be available 
in some travel destinations (24). Self-diagnosis and concomitant treatment of malaria based 
on symptoms only, without laboratory diagnostic testing, is not ideal. However, some travellers 
going to more remote locations might have few alternatives (see Chapters 3 and 5); and

•	 Risk tolerance and individual-specific preferences: this is especially pertinent where malaria 
chemoprophylaxis might or might not be used (see Box 2.1 and Appendix 1). Indeed, for 
a given area and for otherwise identical exposure and host assessments, some individuals 
might prefer not to use chemoprophylaxis while others would. Travellers who decide not to 
use chemoprophylaxis have higher risk of malaria but lower risk of chemoprophylaxis-associated 
adverse effects; the opposite is true for those who decide to use it. 

CONVERTING MALARIA RISK ASSESSMENT TO 
RECOMMENDATIONS FOR PREVENTIVE MEASURES
Once complete, the risk assessment can be used to help inform whether to use malaria 
chemoprophylaxis and which to use (Appendix I shows country/region-specific advice on malaria 
risk and recommended chemoprophylaxis). Nevertheless, clinical judgement remains important, 
for example, to select the most appropriate chemoprophylactic agent and/or to provide individual-
specific preventive guidance (see Box 2.1: The CATMAT approach to recommendations for 
malaria chemoprophylaxis).



9CANADIAN RECOMMENDATIONS FOR THE PREVENTION AND TREATMENT OF MALARIA

BOX 2.1: The CATMAT approach to recommendations for malaria chemoprophylaxis

CATMAT recommends chemoprophylaxis if there is a threat of malaria. However, where malaria risk is 
minimal and if the period of exposure is relatively short (i.e. ≤ 2 weeks), CATMAT considers that there is no 
clear indication for either using or not using chemoprophylaxis. Therefore, CATMAT’s country-by-country 
malaria recommendations include a small number of countries for which length-of-stay thresholds have been 
incorporated (see Appendix 1). CATMAT proposes the optional use of chemoprophylaxis (with PPM) for short 
stays in these low-risk destinations. 

•	 To select these countries, two CDC parameters were used: 

•	 For countries considered by CDC as having an estimated “very low” relative risk of malaria and with a nil  
or low incidence of P. falciparum, a two-week length-of-stay threshold is recommended. 

For countries with “very low” relative risk of malaria and a higher incidence of P. falciparum, or with a “low” 
malaria risk and a nil to low incidence of P. falciparum, a one-week length-of-stay threshold is suggested.

Of note, this approach: 

•	 only applies to those areas where malaria presents a minimal risk;

•	 recognizes that exposure probably increases with time; and

•	 recognizes that compliance with PPM probably decreases with duration of travel thereby increasing risk.

Whether or not chemoprophylaxis is used, risk reduction through use of PPM and prompt seeking of medical 
assessment in the event of a fever are important for all travellers to areas that are endemic for malaria.

TABLE 2.1: Evidence-based medicine recommendations

RECOMMENDATION EBM RATING

Travellers should receive expert advice on malaria risks and strategies to avoid mosquitoes (1). B III

Properly used malaria chemoprophylaxis is very effective (4). A I

A detailed review of the travel itinerary to determine the expected level of malaria  
endemicity and duration of exposure is essential to providing an accurate risk assessment  
for travellers (1;4;6).

B III

An assessment of the traveller’s health and risk tolerances is also important in making malaria 
prevention recommendations.

B III

ABBREVIATION: EBM, evidence-based medicine.

NOTE: For a description of the categories and quality of evidence of the recommendations, see Appendix IV.
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Chapter 3: PREVENTION— 
MALARIA EDUCATION FOR TRAVELLERS
Adherence to prescribed antimalarial prophylactic drug regimens and use of appropriate personal 
protective measures (PPM) are essential for the prevention of malaria. Malaria-associated deaths 
among Canadian travellers are often due poor use of protective measures, in particular malaria 
chemoprophylaxis (1–3), or because they did not use an efficacious intervention appropriately, 
or because they used a non-efficacious approach. 

ADHERENCE TO RECOMMENDED MEASURES— 
THE ACHILLES’ HEEL OF MALARIA PREVENTION
Evidence suggests that non-adherence to or suboptimal use of chemoprophylaxis and other 
preventive interventions is common (4–11). Although a generic problem, certain subpopulations 
seem to be at higher risk for non-adherence, for example, backpacking travellers; immigrants who 
return to their country of origin to visit friends and relatives (VFRs); long-term travellers (those who 
travel for more than one month); travellers aged 40 years or less; and those using antimalarials 
that must be taken daily (4–8;12–18). Explanations for non-adherence are varied and have included: 
lack of knowledge that malaria was a threat; fear of or past experience with adverse effects of 
antimalarials; the false belief that prior malaria infections have conferred long-term immunity; the 
cost of medications; confusion arising from contradictory recommendations; forgetfulness; or lack 
of interest in taking antimalarial medications (4–6;8;12–14). 

While there is ample evidence describing the problem of nonadherence, there is little information 
on how to enhance adherence. Interestingly, some research has evaluated text messaging as a 
tool for improving uptake of malaria interventions. In a seeming paradox, text messages did not 
improve post-travel adherence to malaria chemoprophylaxis in a group of travellers in one study (19), 
but was associated with improved adherence to malaria prevention clinical practice guidelines 
among health professionals in another (20). 

While acknowledging that data supporting the assertion are lacking, Committee to Advise on 
Tropical Medicine and Travel (CATMAT) considers that a critical control point for malaria prevention 
is traveller–health care provider communication. Health care providers need to be properly informed 
to be able to provide appropriate guidance (21). In turn, the advice they give should be developed 
for each individual based on their travel itinerary and with identified risk factors for non-adherence. 
In terms of an ideal counselling situation, travellers who use one qualified information source, such 
as a family physician trained in travel medicine, are significantly more likely to be compliant with 
malaria prophylaxis than those who collect information from multiple sources that could contradict 
each other (21;22).
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EARLY DIAGNOSIS AND TREATMENT
All travellers should be told that malaria could be the reason for any fever (without an identifiable 
etiology) that develops while they are travelling in a malaria-endemic area or up to one yeari after 
returning. If a fever occurs during this period, travellers should get medical attention as soon as 
possible, regardless of whether they used malaria chemoprophylaxis. The febrile traveller should 
provide a travel history, including the fact that they are in or have recently been in a malaria-endemic 
area, and request that thick and thin blood films be immediately obtained and examined for 
malaria parasites. If the laboratory is unable to perform a reliable thick blood film, a thin blood 
film alone is better than nothing. If the initial blood films are negative and the traveller remains 
symptomatic, the blood films should be repeated at least twice over the next 12 to 24 hours. Both 
clinicians and patients must remember that early diagnosis and prompt initiation of appropriate 
treatment affect the survival of patients with Plasmodium falciparum malaria (2). (For more 
information, see Chapters 6 and 7.)

PREVENTION—PERSONAL PROTECTIVE MEASURES
GENERAL
If mosquitoes cannot bite, they cannot transmit malaria. For this reason, interventions that reduce 
biting are recommended. This topic is covered in detail in the CATMAT Statement on Personal 
Protective Measures to Prevent Arthropod Bites (24). Since only the most important and general 
of the recommendations are repeated here, readers are encouraged to refer to that article (24) as 
well as the most recent Canadian Recommendations for the Prevention and Treatment of Malaria 
Among International Travellers. 

MALARIA MOSQUITOES
Only Anopheles mosquitoes transmit malaria. Usually, these mosquitoes are active during the 
evening and, at least for the most efficient vectors of malaria, bite and rest indoors. However, 
these are not universal rules; many mosquitoes that transmit malaria can or even prefer to bite 
outside and can feed at various times of the day, including during the late afternoon and early 
morning. Information about the major malaria vector(s) in a given risk area can be useful to develop 
risk management strategies. For example, knowing that A. albimanus, an important vector in parts 
of the New World, can bite earlier in the evening and often outside can be used to emphasize the 
importance of preventive modalities that are effective in that context, for example, insecticide-
treated clothing and topical skin repellents.

More information on malaria mosquitoes can be found in the CATMAT Statement on Personal 
Protective Measures to Prevent Arthropod Bites, especially “Appendix 1: Summary information 
for some important arthropod vectors” and its references (24).

i	 The large majority of travel-related malaria cases diagnosed in non-endemic countries present within several months of return from 
an endemic area (23). However, some cases, including cases involving Plasmodium falciparum, will present after a longer period, i.e. 
6 months or more post-exposure. For this reason, CATMAT recommends that travellers who become ill with an unexplained fever 
after returning (for up to 1 year – regardless of whether malaria prophylaxis was prescribed or taken) should seek immediate medical 
attention and tell the physician their travel history. Particular attention should be paid to fevers that develop in the 3 months following 
travel, the period during which > 90% of P. falciparum-related disease is expressed.
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PREVENTING MALARIA MOSQUITOES FROM BITING
An individual can do a number of things to reduce the risk of malaria before travelling. These include 
planning activities for those periods when risk is reduced or going to areas where transmission is less 
likely, for example, urban centres. In addition, once the traveller is in a malaria-endemic area, there 
are a limited number of ways of preventing mosquito bites. The main approaches fall into two 
categories: physical or chemical barriers. These are not mutually exclusive; rather, they work together 
and often are combined into a single intervention. For example, treated netting and clothing provide 
a physical and a chemical barrier. 

PHYSICAL BARRIERS
There are a variety of physical means to reduce contact between vectors and their human hosts. 
The principle methods recommended by CATMAT are:

•	 Protection of work and accommodation areas: Screening on doors, windows and eaves 
(the open area between the roof and wall) protects against mosquitoes as does closing holes 
in roofs, walls and other gaps in the building (25–27);

•	 Use of bed nets: In addition to being a chemical barrier (see below), bed nets are a physical 
barrier against mosquitoes. They also protect against other pests like bed bugs, rodents and 
snakes; and

•	 Wearing appropriate clothing: Full-length, loose-fitting and light-coloured clothing prevent 
mosquitoes from biting. Sleeves should be rolled down and pants legs tucked into socks (28–30). 

CHEMICAL BARRIERS
Chemical barriers act in a variety of ways, including by repelling mosquitoes and/or by killing them. 
The main chemical modalities currently available are topical insect repellents that are applied to 
the skin and insecticides that impregnate bed nets and clothing. A full discussion of the various 
chemical barriers, including their efficacy and safety, use among specific subpopulations (e.g. 
children) and the evidence to support their use is given in CATMAT’s Statement on Personal 
Protective Measures to Prevent Arthropod Bites (24).

The following are important recommendations regarding the use of chemical barriers: 

Use topical repellents on exposed areas of skin to prevent bites and to reduce the risk of exposure 
to malaria-carrying mosquitoes (31;32).

Topical repellents registered in Canada that contain 20%–30% DEET or 20% icaridin should be the 
first choice for Canadian travellers. DEET (N,N-diethyl-m-toluamide) has been registered in Canada 
for a long time, has a good safety profile and shows excellent performance against mosquitoes 
including malaria vectors. Icaridin (also called picaridine, KBR 3023; 1-piperidinecarboxylic acid 
2-(2-hydroxyethyl)-1-methylpropylester) was recently registered in Canada. However, the Centers 
for Disease Control and Prevention in the United States and the World Health Organization Pesticide 
Evaluation Scheme have been recommending icaridin as an appropriate mosquito repellent to 
prevent bites for some time. It has been available in the United States since 2005 (33–35).

Repellents that contain p-menthane-3,8-diol (a chemical originally derived from the lemon eucalyptus 
plant) and that are registered in Canada should be considered second-choice topical repellents.
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Other active ingredients currently registered in Canada, e.g. citronella and soybean oil, are either 
not widely available and/or do not provide sufficiently long protection against mosquitoes. They 
are not recommended for travellers as protection against mosquito bites.

All travellers to foreign destinations endemic or epidemic for malaria should use pretreated 
insecticide-treated bed nets (36).

Travellers should use insecticide-treated clothing to protect against the bites of vectors and 
nuisance arthropods (37–40).

OTHER INTERVENTIONS
Do not rely on other insecticide-based approaches such as insecticide coils that are burned, 
insecticide vaporizers, aerosols and space sprays, and insecticide-treated bed sheets.

Avoid PPM that are either ineffective or have not been convincingly shown to be effective against 
arthropod vectors and related diseases. These include: electronic (ultrasonic) devices (41;42); 
wristbands, neckbands and ankle bands impregnated with repellents (43); electrocuting devices 
(“bug zappers”) (41;44); odour-baited mosquito traps; Citrosa plant (a type of geranium houseplant) 
(45–47); orally administered vitamin B1 (48); and skin moisturizers that do not contain an active 
ingredient from an approved repellent (43).

TABLE 3.1: Evidence-based medicine recommendations

RECOMMENDATIONS EBM RATING

It is very important to adhere to recommended malaria prevention practices, e.g. use of 
chemoprophylaxis and PPM (4;5;7;12–18;49).

B III

Malaria must be considered as a possible diagnosis for any febrile illness of unexplained 
etiology that occurs during travel or within 12 months of returning from a malaria-endemic 
area (2) and medical attention should be sought promptly.

B III

Early diagnosis and prompt initiation of appropriate treatment are critical for patients  
infected with P. falciparum (2).

B III

Protect work and accommodation areas against mosquitoes by using screening on doors, 
windows, and eaves (the open area between the roof and wall), eliminating holes in roofs  
and walls, and closing other gaps around a building.

B I

Wear appropriate clothing, e.g. full-length, loose-fitting and light-coloured clothing with 
sleeves rolled down and pants tucked in to socks or boots.

B III

Use pretreated insecticide-treated bed nets. A I

Use insecticide-treated clothing. B II

Use topical repellents on exposed areas of skin to prevent arthropod bites and to reduce  
the risk of exposure to malaria-carrying mosquitoes.

A I

Products registered in Canada and that contain 20%–30% DEET or 20% icaridin should be  
the first choice for Canadian travellers.

A II

Products that contain p-menthane-3,8-diol (a chemical originally derived from the lemon 
eucalyptus plant) and that are registered in Canada should be considered second-choice 
topical repellents.

A II

Other active ingredients currently registered in Canada, e.g. citronella and soybean oil, are  
either not widely available and/or do not provide sufficiently long protection times against bites. 
These products are not recommended for protecting travellers against the bites of vectors.

E II
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Do not use/rely on other insecticide-based approaches such as insecticide coils that are 
burned, insecticide vaporizers, aerosols and space sprays, and insecticide-treated bed sheets.

E III

PPM that are either ineffective or that have not been convincingly shown to be efficacious 
against arthropod vectors and related diseases are not recommended. These include: 
electronic (ultrasonic) devices; wristbands, neckbands, and ankle bands impregnated with 
repellents; electrocuting devices (“bug zappers”); odour-baited mosquito traps; Citrosa plant 
(geranium houseplant); orally administered vitamin B1 and skin moisturizers that do not 
contain an approved repellent active ingredient.

E II

ABBREVIATIONS: DEET, N, N-diethyl-m-toluamide; PPM, personal protective measures. 

NOTE: For a description of the categories and quality of evidence of the recommendations, see Appendix IV.
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Chapter 4: PREVENTION—
CHEMOPROPHYLAXIS REGIMENS
Malaria is a severe life-threatening illness. Even with modern, effective treatments and intensive 
care support, the case-fatality rate for severe infections of Plasmodium falciparum can be as 
high as 20%. Thus, prevention of disease is the mainstay of reducing its impact on travellers. 
A variety of interventions exists to reduce this threat. Chief among these is the use of malaria 
chemoprophylaxis (see Chapters 5 and 8) along with personal protective measures (PPM) against 
insect bites (1) (see Chapter 3).

ANTIMALARIAL DRUGS
Most people who take antimalarial chemoprophylaxis will have no or only minor adverse reactions 
(2–8). Nevertheless, antimalarial drugs should be prescribed only after completion of an individual risk 
assessment (see Chapter 2) that takes into consideration the risks and benefits of chemoprophylaxis. 
In deciding between the various options, the health care provider should consider: the traveller’s 
health status; other medications being taken; malaria drug effectiveness; risks for and character of 
adverse drug reactions; and the traveller’s preferences and risk tolerances.

If adverse events do occur, they can have a significant impact on the traveller’s health and on 
adherence to the medication regimen. One way to test for tolerability is to have a trial of the 
medication before travelling. To keep adverse effects to a minimum, it is essential that all travellers 
understand the dosing schedule, including time of day, and whether the chemoprophylaxis should 
be taken with food, as well as precautions regarding drug-specific side effects (e.g. sun exposure 
with doxycycline).

The efficacy reported for different antimalarial clinical trials assumes strict adherence to the dosing 
schedule as well as the use of PPM, such as insect avoidance and use of insect repellents. Some 
regimens (e.g. mefloquine) are more forgiving of missed doses while some need to be taken on a 
very regular schedule (e.g. doxycycline) to ensure maximal protection. If travellers are educated on 
all aspects of malaria prevention and the specific issues around their prophylactic regimen will, 
they may be more compliant with the treatment schedule. 

SELECTION OF ANTIMALARIAL DRUGS
Selecting the most appropriate antimalarial chemoprophylaxis involves the health care provider 
following five steps: 

a)	 Evaluate the traveller’s exact travel itinerary to determine their malaria risk profile. Ask specific 
questions about timing, type of travel and destination(s). Once these are determined, the 
potential antimalarial regimen(s) can be reviewed with the traveller (see Appendix I). For many 
itineraries, there will be several options. Review the advantages and disadvantages (outlined 
in Table 8.11), and determine what regimen is the best fit for the individual traveller.

b)	 Select the appropriate dosage of the antimalarial agent, taking time to educate the traveller 
about proper use of the drug (outlined in Table 8.11).
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c)	 Discuss the importance of PPM, such as insect repellents and bed nets, to help prevent malaria 
(see Chapter 3).

d)	 Discuss the importance of seeking out medical advice urgently if the traveller develops a fever 
while in a malaria-endemic area or within one yearii after returning to Canada.

SELECTION OF ANTIMALARIAL DRUGS FOR SPECIFIC 
REGIONS OF DRUG RESISTANCE
Travellers should know that, while antimalarial medication can markedly decrease the risk of acquiring 
symptomatic malaria (2;4–8;10), chemoprophylaxis does not provide complete protection. PPM 
complement antimalarials (1) and decrease travellers’ risk of acquiring malaria (see Chapter 3).

Although minor differences in expert opinion exist between jurisdictions (i.e. United States, 
Europe and Canada), experts do agree that chemoprophylaxis is an essential component of 
malaria prevention in areas of high transmission. Differences in guidelines often relate to preferred 
regimens or whether to use chemoprophylaxis in areas with low levels of transmission (see below). 
Such differences might confuse travellers, and practitioners should therefore take care to explain 
these differences.

Box 4.1 summarizes the main chemoprophylactic options by resistance status (see Chapter 8 for 
a more complete discussion of these drugs). 

BOX 4.1: Malaria chemoprophylaxis options by drug resistance status

Chloroquine-sensitive regions

Chloroquine-sensitive regions are malaria-endemic areas where chloroquine resistance has not been 
documented or is not widely present. These include Haiti, the Dominican Republic, Central America north  
of the Panama Canal, parts of Mexico, parts of South America, north Africa, parts of the Middle East, and 
west/central China. (See individual countries in Appendix I for specific recommendations.)

Drugs of choice: Chloroquine (Aralen®) is the drug of choice for travellers to areas with chloroquine-sensitive 
malaria. Hydroxychloroquine (Plaquenil®) is an acceptable equivalent alternative (11).

Chloroquine or hydroxychloroquine is taken once a week, beginning at least 1 week before entering a 
chloroquine-sensitive malaria-endemic region (or 2–3 weeks before to assess tolerability), during the period 
of exposure, and for 4 weeks after leaving the malaria-endemic region.

Alternatives: Individuals who are unable to tolerate chloroquine or hydroxychloroquine should use 
atovaquone-proguanil, doxycycline or mefloquine (see next section and Chapter 8). 

ii	 The large majority of travel-related malaria cases diagnosed in non-endemic countries present within several months of return from an 
endemic area (9). However, some cases, including P. falciparum malaria, will present after a more protracted period, i.e. ≥ 6 months 
post-exposure. For this reason, CATMAT recommends that travellers who become ill with an unexplained fever within one year of 
returning home (regardless of whether malaria prophylaxis was prescribed or taken) should seek immediate medical attention and tell 
the physician their travel history. Particular attention should be paid to fevers developing in the 3 months following travel, the period 
during which > 90% of P. falciparum-related disease is expressed.



20 	CANADIAN RECOMMENDATIONS FOR THE PREVENTION AND TREATMENT OF MALARIA

Chloroquine-resistant regions 

Chloroquine-resistant regions are malaria-endemic areas where chloroquine resistance has been 
documented. Chloroquine-resistant regions include most of sub-Saharan Africa, South America,  
Oceania and Asia. (See individual countries in Appendix I for specific recommendations.) Note that  
some border areas of Thailand, Myanmar (Burma), Laos and Cambodia, as well as southern Vietnam,  
are both chloroquine-resistant and mefloquine-resistant regions (12–14) (see next section).

There are sufficient data in semi-immune and nonimmune hosts in various geographic locations to  
conclude that atovaquone-proguanil, doxycycline and mefloquine provide similar levels of protection  
against chloroquine-resistant malaria (2;4–8).

Drugs of choice: Atovaquone-proguanil, doxycycline or mefloquine (2;4–8;10).

Atovaquone-proguanil is taken daily, beginning at least 1 day before entering a malaria-endemic region  
(or 3–4 days before to test tolerability), during the period of exposure, and for 1 week after leaving the 
malaria-endemic region (15).

Doxycycline is taken daily, beginning at least 1 day before entering a malaria-endemic region  
(or 3–4 days before to test tolerability), during the period of exposure, and for 4 weeks after leaving  
the malaria-endemic region (4).

Mefloquine is taken weekly, beginning 1 week before entering a malaria-endemic region (or 3 weeks  
before, to assess tolerability), during the period of exposure, and for 4 weeks after leaving the  
malaria-endemic region (4).

Alternatives: If atovaquone-proguanil, doxycycline and mefloquine are not well tolerated, primaquine  
daily can be considered. Begin taking it at least 1 day before entering a malaria-endemic region (or  
3–4 days before to ensure tolerability), during the period of exposure, and for 7 days after leaving the 
malaria-endemic region.

NOTE: Primaquine is CONTRAINDICATED in glucose-6-phosphate dehydrogenase (G6PD) deficiency  
and CONTRAINDICATED in pregnancy (see Chapters 5 and 8). 

Chloroquine-and mefloquine-resistant regions

Resistance to both chloroquine and mefloquine has been reported in various countries in Asia, Africa and  
the Amazon basin. However, it has not been found to be a significant problem except in rural, wooded 
regions where Thailand borders with Myanmar (Burma), Cambodia (13;14) and Laos, as well as in southern 
Vietnam (12;16). While these areas are infrequently visited by travellers, use of PPM should be optimized  
for those travelling there (1).

Drugs of choice: Atovaquone-proguanil or doxycycline (see Chapter 8).

Atovaquone-proguanil is taken daily, beginning at least 1 day before entering a malaria-endemic region  
or 3–4 days before to ensure tolerability), during the period of exposure, and for 1 week after leaving  
the malaria-endemic region (15).

Doxycycline is taken daily, beginning at least 1 day before entering a malaria-endemic region (or  
3–4 days before to ensure tolerability), during the period of exposure, and for 4 weeks after leaving  
the malaria-endemic region (4).

Alternatives: There are currently no alternatives for prevention in these regions.

NOTE: There are no approved drugs to prevent malaria in pregnant women or in children weighing less  
than 5 kg travelling to mefloquine-resistant regions. Atovaquone-proguanil (Malarone®) may be considered 
for women after the first trimester who cannot avoid travel to mefloquine-resistant areas (e.g. border areas 
between Thailand and Cambodia/Myanmar) after careful discussion of the benefits and risks (see Chapters 5 
and 8) (17;18). 
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PRIMAQUINE TERMINAL PROPHYLAXIS FOR 
PREVENTION OF RELAPSES OF P. VIVAX AND P. OVALE
P. vivax and P. ovale parasites can persist in the liver and cause relapse 5 years or more after routine 
chemoprophylaxis has been discontinued (19;20). Although considered less virulent than falciparum 
malaria, P. vivax still carries the potential for significant morbidity requiring intensive care (21). Since 
most malaria-endemic areas of the world (except Haiti and the Dominican Republic) have either 
P. vivax or P. ovale, travellers to these areas have some risk of acquiring relapsing malaria. Primaquine 
terminal prophylaxis is administered after the traveller has left a malaria-endemic area, usually during 
or after the post-travel period of chemoprophylaxis. Primaquine decreases the risk of such relapse 
by acting against the persistent liver stages (hypnozoites) of P. vivax and P. ovale.

Data pertaining to the risk of relapse are limited. One study showed that, of 725 US Army Ranger 
task force soldiers stationed in Afghanistan, 38 (5.2%) had P. vivax malaria after leaving, yielding an 
attack rate of 52.4 cases per 1,000 soldiers. Diagnosis was confirmed at a median of 233 days after 
return from the malaria-endemic region (21). Military personnel, long-term travellers and expatriates 
are groups that should be considered for terminal prophylaxis if they were in regions with high 
P. vivax or P. ovale endemicity. Any traveller who returns to Canada with a history of P. vivax or 
P. ovale diagnosis should also be considered for terminal prophylaxis (22).

Primaquine is contraindicated in pregnant women and individuals deficient in G6PD (see Chapter 8 
for contraindications and precautions).

DIFFERENCES IN APPROACHES TO MALARIA 
CHEMOPROPHYLAXIS 
Committee to Advise on Tropical Medicine and Travel (CATMAT) reviews all major sources of 
malaria prevention information, including World Health Organization (WHO) (23), Centers for 
Disease Control and Prevention (CDC) (24) and the Health Protection Agency Advisory Committee 
on Malaria Prevention (ACMP) (25). CATMAT also reviews recent research and national and 
international epidemiological data in order to provide guidelines and recommendations tailored 
to the Canadian context. Factors that influence recommendations include: drug licensure, 
Canadian-specific travel patterns and malaria epidemiology, and the anticipated values and 
preferences of travellers and health care providers. 

Some jurisdictions (e.g. United States) have a very low risk tolerance for malaria in returning 
travellers (24), and thus give more weight to chemoprophylaxis. Other jurisdictions (e.g. most 
European countries) emphasize the potential for drug-adverse effects, and are less likely to 
recommend chemoprophylaxis in low-risk areas. As well, region-specific recommendations are 
dynamic; thus, some differences arise as a result of the age of the epidemiologic evidence on 
which the individual recommendation is based. In these guidelines, CATMAT has tried to balance 
the need for protection with the potential for adverse effects of chemoprophylaxis. For the most 
part, CATMAT guidelines are consistent with the WHO (23) and the CDC’s Yellow Book: Health 
Information for International Travel (24), although there are still some minor differences.

CATMAT recommends chloroquine for the prevention of malaria in chloroquine-sensitive regions. 
In chloroquine-resistant regions, CATMAT recommends atovaquone-proguanil, doxycycline or 
mefloquine as three equivalent options for the prevention of malaria. This is similar to the approach 
of the CDC. Recommendations on when to start and stop malaria chemoprophylaxis are also 
consistent among major guidelines, and they also provide the option of emergency standby 
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therapy for travellers who are going to remote areas where they may be unable to access medical 
assistance within 24 hours (see section on emergency standby treatment for more information).

CATMAT guidelines sometimes differ from WHO and ACMP guidelines with respect to drug 
recommendations. For example, in chloroquine-sensitive regions ACMP recommends proguanil 
as an alternative to chloroquine; however, proguanil alone is not available in Canada, and CATMAT, 
CDC and WHO do not recommend its use. In addition, in areas with low-to-moderate levels of 
malaria transmission and with chloroquine resistance (e.g. parts of south Asia, southeast Asia, 
sub-Saharan Africa and South America), WHO and ACMP recommend a combination of chloroquine 
and proguanil as first-line chemoprophylaxis. However, CATMAT considers chloroquine-proguanil 
chemoprophylaxis to be significantly less effective compared with atovaquone-proguanil, 
doxycycline or mefloquine (26;27) and does not recommend this regimen.

Emergency standby therapy for short-term travellers is an option that all the guidelines include, 
although CATMAT and CDC have more restrictive criteria as to when to use it. CATMAT recommends 
standby self-treatment for selected travellers who are unable to access medical assistance within 
24 hours. CDC guidelines recommend atovaquone-proguanil or artemether-lumefantrine for this use, 
whereas CATMAT recommends standby malaria treatment with atovaquone-proguanil or quinine and 
doxycycline, since artemether-lumefantrine is not available in Canada. However, CATMAT does not 
recommend using mefloquine for therapy under any circumstances because of the high likelihood 
of severe adverse reactions when using higher therapeutic doses. For more information about 
self-treatment, see Chapter 7.

DISCONTINUING ANTIMALARIAL DRUGS
Fatal malaria has occurred in travellers who have discontinued an effective antimalarial drug 
in favour of one that is less protective (11;28–30). During travel, individuals might meet other 
travellers and/or health care providers who suggest that they change or stop their antimalarial 
medication. For the most part, such advice should be ignored or questioned; medications used 
in other areas of the world may be less effective, may be associated with serious adverse effects 
or may not be manufactured to Canadian standards and are not recommended for Canadian 
travellers. Examples include proguanil alone (Paludrine®), pyrimethamine (Daraprim®),  
dapsone-pyrimethamine (Maloprim®) and mefloquine-sulfadoxine-pyrimethamine (Fansimef®).

One of the exceptions to this general rule is when the traveller is suffering significant adverse 
events associated with the chemoprophylactic agent. In such a situation, and when the advice is 
provided by a health care provider (preferably the one who provided the initial advice), changing 
medication is reasonable. Ideally, this would be to another agent recommended by CATMAT in 
these guidelines. Discontinuation of all chemoprophylaxis is NOT a reasonable option.

CO-ADMINISTRATION OF ANTIMALARIAL DRUGS  
WITH VACCINES
Travellers requiring antimalarial medications may also require vaccination against agents for which 
live, oral bacterial vaccines exist. Because such vaccines require bacterial replication to induce a 
protective immune response, simultaneous administration of antibiotics may interfere with vaccine 
effectiveness. Doxycycline is an antibiotic and should never be co-administered with live attenuated 
bacterial oral vaccines. Mefloquine and chloroquine have shown in vitro inhibitory activity 
against an oral typhoid vaccine (31). Proguanil has some antibacterial activity, but co-administering 
atovaquone-proguanil with live, oral typhoid and cholera vaccines to children did not affect the 
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antibody response to the vaccine (32). However, co-administering of proguanil and chloroquine 
with live, oral typhoid and cholera vaccines decreased vaccine immunogenicity (33). Vaccine 
efficacy studies measuring the impact on the incidence of clinical typhoid and cholera of the 
co-administration of antimalarials with live, oral typhoid and cholera vaccines have not been 
performed. Since the data are not definitive, the cautious approach will be to complete vaccination 
with live oral typhoid or cholera vaccines at least 3 days before the first dose of antimalarial 
medication (34–36). Formalin-and/or heat-inactivated oral vaccines (such as Dukoral®) do not 
contain live bacteria and may be co-administered with antimalarials.

Concurrent use of chloroquine also interferes with the antibody response to intradermal 
administration of human diploid cell rabies vaccine (37). If intradermal rabies vaccine is 
administered to someone taking chloroquine, rabies serology may help confirm response to 
vaccination, but it is not always easily available.

During the discussion of chemoprophylaxis:

a)	 Tell travellers that malaria can be fatal, but that medications rarely cause serious adverse events 
if selected and used with care. 

b)	 Choose a medication that is least likely to exacerbate any past or present medical problem(s).

c)	 Present all the options to travellers and, unless there is a contraindication, give them a choice 
of which chemoprophylaxis they prefer; all recommended first-line malaria chemoprophylactic 
regimens are equally effective.

d)	 Emphasize that medication should be taken in the recommended fashion to minimize significant 
adverse events.

e)	 Discuss the option of a drug trial to check for medication-associated adverse reactions before 
travelling.

f)	 Discuss strategies to change medication if serious adverse effects should arise during travel.

g)	 Advise travellers that if a malaria medication is tolerated well they should continue taking it 
regardless of negative anecdotes about the drug. There is no evidence to suggest that long-
term use of currently recommended therapies for travellers will result in additional risks for 
severe adverse events.

TABLE 4.1: Evidence-based medicine recommendations

RECOMMENDATION EBM RATING

Chloroquine (Aralen®) or hydroxychloroquine (Plaquenil®) is the drug of choice for travellers 
to areas with chloroquine-sensitive malaria (11) .

A I

Atovaquone-proguanil, doxycycline or mefloquine are drugs of choice for travellers to 
areas with chloroquine-resistant or mefloquine-sensitive malaria (2;4–8;10).

A I

Atovaquone-proguanil and doxycycline are drugs of choice for travellers to areas with 
mefloquine-resistant malaria (4;15;38).

A I

Primaquine is recommended for malaria chemoprophylaxis for travellers to regions with 
chloroquine resistance who are not willing or able to use atovaquone-proguanil, 
doxycycline or mefloquine (5).

A I

Primaquine is recommended as post-travel terminal prophylaxis for travellers who have 
suffered from Plasmodium vivax or Plasmodium ovale malaria while abroad (22).

B III

Standby malaria treatment with atovaquone-proguanil or quinine and doxycycline is 
recommended for travellers who are more than a day away from malaria diagnostic help.

C III
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Doxycycline is an antibiotic and should never be co-administered with any live, oral 
bacterial vaccines. Vaccination with live oral typhoid or cholera vaccines should be 
completed at least 3 days before the first dose of antimalarial medication (34–36).

B III

Concurrent use of chloroquine interferes with antibody response to intradermal 
administration of human diploid cell rabies vaccine (37). If intradermal rabies vaccine is 
administered to someone taking chloroquine, it is recommended that post-vaccine rabies 
antibodies be obtained to verify an adequate immunologic response.

B III

ABBREVIATION: EBM, evidence-based medicine.

NOTE: For a description of the categories and quality of evidence of the recommendations, see Appendix IV.
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Chapter 5: MALARIA ISSUES  
IN SPECIAL HOSTS

5.1	 PREVENTION IN SPECIAL HOSTS—CHILDREN
MALARIA PREVENTION IN CHILDREN
Health care providers should clearly advise travellers of the risks of taking young children to areas 
with Plasmodium falciparum malaria. The majority of the over 650,000 deaths per year due to 
malaria are among children (1). A study found that malaria was the most common cause of febrile 
illness (35%) among returned pediatric travellers, and the most common single diagnosis overall 
(8%) (2); however these findings cannot be generalized to all children travelling internationally. Travel 
to sub-Saharan Africa accounts for the vast majority of childhood cases of falciparum malaria, with 
most travellers visiting friends and relatives (2–4). Malaria also disproportionately affects children. 
Of the Canadians diagnosed with malaria who were reported to the Public Health Agency of Canada 
from 1998 to 2008, 23% were 19 years old or younger whereas only 8.7% of international travellers 
in 2011 were in that age group (5). From August 2001 to August 2012, 195 cases of severe or 
complicated malaria were reported to the Canadian Malaria Network (CMN). Of these, 21.1% were 
children (< 18 years old), and 11.6% were 0 to 4 years old (Personal communication, A. McCarthy 
and J. Geduld, 2012). 

Of the 7,542 malaria cases reported between 2006 and 2010 to the Centers for Disease Control and 
Prevention (CDC) in the United States, 1,418 (18.0%) were children (< 18 years old) and 360 (4.8%) 
were aged 0 to 4 years old (Personal communication, K. Cullen and P. Arguin, 2012; Domestic 
Response Unit, Malaria Branch, Division of Parasitic Diseases, CDC and Prevention, United States). 

Malaria can present with nonspecific symptoms that mimic other common childhood diagnoses, 
leading to delays in diagnosis. Severe or complicated malaria, such as cerebral malaria, severe 
anemia, shock or even death, may develop more quickly in children (6). CMN data from June 2001  
to September 2011 indicate that 22% of the complicated malaria cases requiring treatment with 
intravenous quinine or artesunate were in children, the majority of whom were foreign-born (61%) (7). 

To reduce the risk of infection when travel to malaria-endemic areas is unavoidable, all children 
should be well protected against mosquito bites (see Chapter 3) and receive appropriate malaria 
chemoprophylaxis (7;8). Infants do not receive sufficient medication through breast milk to protect 
them and should be prescribed antimalarial drugs even if their mother is taking antimalarials (9;10). 

Making sure that young children take antimalarial drugs may be difficult because of the lack of 
pediatric formulations and the unpleasant taste. Malaria tablets may be crushed and mixed with 
chocolate syrup, jam, cereal, bananas or formula to mask the taste. Prescribe sufficient tablets to 
allow a few doses to be vomited or spat out, with clear instructions as to when doses that were not 
successfully ingested should be repeated. Health care providers should consider enlisting the help 
of compounding pharmacies that can either pre-cut tablets and/or crush and insert portions into 
capsules to increase the accuracy and ease of dosing. 

Deaths due to inadvertent overdose have been reported; these medications should, therefore,  
be kept out of reach of infants and children and stored in childproof containers (11). 

Families who are travelling over the long term should be told how to adjust the dose of 
medications to allow for an increase in children’s weight over time. 



28 	CANADIAN RECOMMENDATIONS FOR THE PREVENTION AND TREATMENT OF MALARIA

CHEMOPROPHYLAXIS FOR CHILDREN
Chloroquine is the preferred chemoprophylactic agent in areas with chloroquine-sensitive malaria 
(see Appendix I for specific recommendations for areas). Chloroquine sulfate (e.g. Nivaquine®) is 
widely available as a syrup in malaria-endemic areas, and this is often more easily administered to 
children than are tablets. However, it is not available in Canada, and those purchasing products 
outside of Canada need to take care to minimize the risk of counterfeit medication (see “Preventing 
Malaria in the Long-Term Traveller or Expatriate”). If parents plan to use this syrup, inform them 
that the dose must be carefully determined according to the child’s weight and that there is a risk 
of overdosing. 

Mefloquine is one of the drugs of choice in chloroquine-resistant regions (see Appendix I for specific 
recommendations for different areas); however, there are no studies that analyze its bioavailability 
and rate of metabolism in children. Although the manufacturer recommends that mefloquine not be 
given to children smaller than 5 kg (11 lb), mefloquine should be considered for all children at high 
risk of acquiring chloroquine-resistant P. falciparum, at a dose of 5 mg base/kg once weekly (12). 
Young children are less likely to suffer major neuropsychiatric side effects from mefloquine (13) but 
may be more likely to have emesis (14). 

While chloroquine and mefloquine may exacerbate seizure disorders, in which case other agents 
should be used, there is no evidence that febrile seizures in children are a contraindication to 
these drugs.

Atovaquone-proguanil is licensed for the prophylaxis and treatment of malaria in children weighing 
11 kg (25 lb) or more or who are older than 3 years (15). Clinical trials using atovaquone-proguanil 
to treat malaria in children weighing as low as 5 kg (11 lb) suggest it may be safe for infants of this 
size when required (16). Daily doses for small infants have been extrapolated from those used in 
treatment trials (one-quarter of the treatment dose, or 5 mg/kg/doses and 2 mg/kg/doses of the 
atovaquone and proguanil components, respectively). Based on a pediatric tablet of 62.5 mg 
atovaquone/25 mg proguanil, the daily doses are half of a pediatric tablet for those children 
weighing 5 kg to 8 kg (11–17 lb) and three-quarters of a pediatric tablet for those children 
weighing 8 kg to 10 kg (17–22 lb) (16). 

Doxycycline has been studied as pediatric prophylactic medication (17). It can be used at a daily 
dose of 2 mg/kg (maximum: 100 mg/d) in children aged 8 years and older (9;18). Primaquine can 
be given to children 9 years and older who are unable to take any of the first-line prophylactic 
agents (19), although it is not licensed in Canada for this indication. As there is no age limit for 
primaquine when used for radical cure of P. vivax or P. ovale, it may be an option for children of any 
age as long as they have been screened for adequate glucose-6-phosphate dehydrogenase (G6PD) 
levels. Consultation with a travel medicine or infectious disease expert is advisable unless the 
prescriber has experience with this medication in the pediatric population.
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TABLE 5.1.1: Evidence-based medicine recommendations

RECOMMENDATION EBM RATING

Young children should avoid travel to areas with significant malaria transmission, particularly 
of chloroquine-resistant malaria (9). 

C III

Effective PPM should be used by all children who travel to malaria-endemic areas (20). A I

For children travelling to or residing in chloroquine-resistant areas, mefloquine, doxycycline 
(≥ 8 years) and atovaquone-proguanil (≥ 5 kg) are the drugs of choice for chemoprophylaxis 
(12;15;17;21).

A I

Primaquine chemoprophylaxis may be suitable for children who are unable to take any of 
the first-line prophylactic agents (19).

B II

ABBREVIATION: EBM, evidence-based medicine; PPM, personal protective measures.

NOTE: For a description of the categories and quality of evidence of the recommendations, see Appendix IV.
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5.2	 PREVENTION IN SPECIAL HOSTS—PREGNANCY 
AND BREASTFEEDING

MALARIA PREVENTION IN PREGNANCY AND DURING BREASTFEEDING
Malaria increases the risk of maternal and neonatal death, miscarriage and stillbirth. In addition, 
low birth-weight infants are more commonly born to women taking ineffective prophylaxis (1). 
In addition, pregnant women are twice as likely to be bitten by mosquitoes, probably as a result 
of increased body surface temperature, increased CO2

 production and the greater chance of 
leaving the protection of the bed net at night due to increased urinary frequency (2). 

Pregnant women should defer travel to malaria-endemic areas and particularly to those regions 
with drug-resistant falciparum malaria. If travel cannot be avoided, special care should be taken. 
Personal protective measures (PPM) to avoid mosquito bites are the same for pregnant women 
as for other adults—use topical repellents and insecticide-treated bed nets (see Chapter 3) (3). 
In addition, effective chemoprophylaxis (outlined below) should be selected. Refer to the 
CATMAT Statement on Pregnancy and Travel for a more detailed description of malaria in 
pregnant travellers or those who are breastfeeding (4).

SELECTING ANTIMALARIALS FOR PREGNANT TRAVELLERS FOR SPECIFIC 
REGIONS OF DRUG RESISTANCE

CHLOROQUINE-SENSITIVE DESTINATIONS
Chloroquine is safe in pregnancy and is the drug of choice for pregnant travellers travelling 
to chloroquine-sensitive malaria-endemic destinations (see Appendix I). 

CHLOROQUINE-RESISTANT DESTINATIONS
Atovaquone-proguanil: Proguanil has long been considered safe in pregnancy; however, data are 
lacking on atovaquone. Small malaria treatment trials using atovaquone-proguanil alone or with 
artesunate have included women in the second and/or third trimesters of pregnancy. Drug tolerability 
was good, as were the birth outcomes (4–6). Until these data are supported with further trials or 
experience, atovaquone-proguanil is not routinely recommended during pregnancy. However, when 
other options cannot be used and the potential benefit outweighs the potential risk to the fetus, 
it may be considered after the first trimester.

Chloroquine–proguanil: While chloroquine and proguanil are both safe in pregnancy, the 
combination is ineffective in preventing chloroquine-resistant malaria and is not recommended. 

Doxycycline: Doxycycline is contraindicated for malaria prophylaxis during pregnancy because 
of adverse effects on the fetus, including discolouration and dysplasia of the teeth, and inhibition 
of bone growth. Attempting to become pregnant should be avoided for a week after completing 
doxycycline prophylaxis to allow for complete excretion. 

Mefloquine: Mefloquine can be used safely for chemoprophylaxis throughout most of pregnancy. 
While treatment doses five-fold greater than prophylaxis doses may be associated with an 
increased risk of stillbirth (7), the majority of observational and clinical trial data have concluded 
that mefloquine does not lead to an increased risk of either stillbirth or congenital malformations 
at prophylactic doses when used during the second and third trimesters (7–9). Surveillance data of 
more than 1,500 pregnant women found no evidence of increased risk of either teratogenicity or 
spontaneous abortion when mefloquine was used at any time from before conception up to and 
including the third trimester (10). Although there does not appear to be a concern early in 
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pregnancy, the data for the first trimester are limited. While the use of mefloquine at the time of 
conception or during the first trimester is not an indication for therapeutic abortion (8;11), highly 
risk-averse travellers may choose to avoid pregnancy for up to three months after discontinuing 
mefloquine because of the long half-life of the drug (approximately three weeks). For expatriates 
or other long-term travellers in malaria-endemic areas, it is safer for both fetus and mother if she 
uses effective chemoprophylaxis, given the ongoing risk of disease and the increased risk of severe 
disease and death during pregnancy (1).

Primaquine: Primaquine is contraindicated during pregnancyiii because the glucose-6-phosphate 
dehydrogenase (G6PD) status of the fetus cannot be established and the drug can be passed across 
the placenta (12). Whenever radical cure or terminal prophylaxis for vivax malaria is indicated in a 
pregnant woman, chloroquine can be given once a week until delivery, at which time primaquine 
may be given postpartum. 

TABLE 5.2.1: Evidence-based medicine recommendations

RECOMMENDATION EBM RATING

Pregnant women should avoid travel to areas with significant transmission of malaria (1). C III

The use of PPM, including appropriate topical repellents and insecticide-treated bed 
nets, are strongly encouraged for all pregnant women who travel to malaria-endemic 
areas (3).

A I

Pregnant women travelling to or living in chloroquine-sensitive areas should use 
chloroquine as chemoprophylaxis.

A I

Where exposure to chloroquine-resistant falciparum malaria is unavoidable, mefloquine  
is recommended from conception through the first trimester (A II), as well as during the 
second and third trimesters (A I) (7–9).

A II, A I

There are no currently approved antimalarials for pregnant women travelling to 
mefloquine-resistant regions. Atovaquone-proguanil after the first trimester in women 
who cannot avoid travel to mefloquine-resistant areas (e.g. border areas between 
Thailand and Cambodia or Burma [Myanmar], see Appendix I) may be considered  
after careful discussion of the benefits and risks (5;6).

B II

Although safe in pregnancy, the combination of chloroquine and proguanil is inadequate 
as an antimalarial and cannot be recommended for chloroquine-resistant areas (13). 

E I

ABBREVIATION: EBM, evidence-based medicine; PPM, personal protective measures.

NOTE: For a description of the categories and quality of evidence of the recommendations, see Appendix IV.

PROPHYLAXIS WHILE BREASTFEEDING
The availability of antimalarial medication in breast milk is insufficient to protect breastfeeding infants 
against malaria; therefore, infants requiring chemoprophylaxis should receive a recommended dose 
of appropriate antimalarial drug. Breastfeeding is not contraindicated for the use of medications that 
are safe in infancy (chloroquine, mefloquine, atovaquone-proguanil in infants weighing ≥ 5 kg). 

There is no information on the amount of primaquine that enters human breast milk; therefore, 
the infant should be tested for G6PD deficiency before primaquine is administered to a 
breastfeeding woman.

iii	 Category C of US Food and Drug Administration Use-in-Pregnancy Ratings (see Perinatology webpage for rating details.)
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Because of the lack of data on the safety and efficacy of atovaquone in infants weighing less than 
5 kg, atovaquone-proguanil should not be given to a woman who is breastfeeding an infant of this 
size unless the potential benefit to the woman outweighs the potential risk to the infant. 

Limited data are available on the safety of doxycycline during breastfeeding, but the American 
Academy of Pediatrics states that no observable effect has been noted in infants of lactating 
women using tetracyclines, and absorption by the infant is negligible (14).

TABLE 5.2.2: Evidence-based medicine recommendations

RECOMMENDATION EBM RATING

Infants who are at risk of malaria and who are being breastfed should receive their own 
appropriate chemoprophylaxis (15).

A III

Atovaquone-proguanil should be avoided, if possible, in a woman who is breastfeeding 
a child weighing less than 5 kg (15).

C II

Limited data suggest that doxycycline absorption through breast milk is negligible and 
that breastfeeding is not an absolute contraindication to maternal use (14).

C III

ABBREVIATION: EBM, evidence-based medicine.

NOTE: For a description of the categories and quality of evidence of the recommendations, see Appendix IV.
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5.3	 PREVENTION IN SPECIAL HOSTS—LONG TERM  
OR EXPATRIATE

PREVENTING MALARIA IN THE LONG-TERM TRAVELLER OR EXPATRIATE
The particular concerns that relate to preventing malaria in long-term travellers (those who travel for 
more than one month) and expatriates include: safety of chemoprophylactic drugs and fear of toxic 
effects with prolonged use of medication; cost of long-term medication; use of locally procured 
drugs that may be counterfeit; conflicting counsel about appropriate chemoprophylaxis and self-
treatment; and lack of adherence to chemoprophylaxis and personal protective measures (PPM). 

Modern prevention strategies have had a significant positive impact on the risk of malaria-related 
mortality in long-term expatriates. Mortality was reported to be as high as 60% among missionaries 
in west Africa during the 20th century (1). However, developing unique, evidence-based guidelines 
for the long-term traveller or expatriate has been limited by a lack of medical literature in this area, 
as well as the variability in risk based on location, occupation, lifestyle and activities (2). The risk of 
malaria associated with location, or the entomological inoculation rate, may vary depending on the 
season, as well as whether the location is rural, peri-urban or urban.

The advice of health care providers may compete with the opinions of travellers who assume 
that their personal experience with drug-related adverse events is representative of the general 
population (3). Some researchers have observed that the incidence of malaria may be greater 
among veteran expatriates than among their less experienced counterparts. The veteran expatriates 
may have unreasonable confidence in their clinical self-diagnosis (4) compounded by false-positive 
laboratory errors (5). The use of counterfeit drugs can also lead to drug resistance or, more 
immediately, treatment failures. Users may then generalize the resultant failure of response 
of a specific medication to all malaria medications (6). 

ADVERSE EVENTS
A survey of over 2,700 Peace Corps volunteers found that 62% reported one or more adverse 
events, with 9% reporting serious adverse events and 23% changing malaria prophylaxis due 
to adverse events (7).

There is no evidence to suggest that long-term use of therapies currently recommended for 
short-stay travellers results in additional risk of severe adverse events. Chloroquine may be an 
exception; the risk of chloroquine retinopathy requires an ophthalmologic exam at least every 
two years for travellers using chloroquine long-term (8). However, this drug is seldom indicated 
because of extensive drug resistance. Although the data supporting long-term use of doxycycline 
for chemoprophylaxis are limited, the drug and the related minocycline is in use for extended 
periods of time for other indications (9). 

Mefloquine tolerance improves over time, possibly associated with the relatively early onset 
of adverse events experienced by those who use mefloquine for prophylaxis (5). Consequently, 
there does not appear to be increased risk with long-term use (10). Although there are few data 
on prolonged use of atovaquone-proguanil, the individual components have been used for 
extended periods of time (8).
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CURRENT MALARIA PREVENTION PRACTICE AMONG EXPATRIATES 
Malaria chemoprophylaxis use in expatriates is suboptimal. Only 69% of expatriate households in 
Nigeria appropriately picked up their chemoprophylaxis from the pharmacy, and among those that 
did, 58% were nonadherent, resulting in an overall nonadherence rate of 61% (11). A study of 
expatriates in western Ghana found that duration of stay was inversely proportional to adherence 
to malaria chemoprophylaxis; 80% of those who had been in western Ghana for three months or 
less were taking malaria chemoprophylaxis, compared to none of the workers who had been there 
for over a year (12). A review of health behaviours among expatriate workers for the International 
Committee of the Red Cross reported 65% adherence to recommended malaria chemoprophylaxis 
(13). Finally, a survey of expatriate health care workers in Equatorial Guinea found that only 31% 
adhered to their malaria chemoprophylaxis regimen (14).

Data collected from deployed military troops also suggest poor adherence to recommended 
malaria chemoprophylaxis. Of over 1,000 French soldiers assigned to missions in sub-Saharan 
Africa, only 61% reported taking their chemoprophylaxis (15). A more recent report only 45% 
compliance with malaria prophylaxis among 575 French soldiers stationed in Ivory Coast (16). This 
is comparable to the outcome of an anonymous, post-deployment survey of United States Army 
Rangers returned from Afghanistan, where the self-reported compliance rate was 52% for weekly 
chemoprophylaxis, 41% for terminal (post-deployment) chemoprophylaxis, 31% for both weekly 
and terminal chemoprophylaxis. In this group 82% reported treating uniforms with permethrin, 
and 29% for the application of insect repellent (17).

SUPPORT FOR ESTABLISHED GUIDELINES
In general, guidelines for preventing malaria in long-term travellers or expatriates should be very 
similar to standard recommendations for the short-term traveller, though cost may limit the use 
of more expensive drugs such as atovaquone-proguanil. However, given how poorly long-term 
travellers tend to adhere to malaria chemoprophylaxis, pre-travel advice regarding malaria 
precautions should also include a description of malaria symptoms and emphasis on the need for 
early diagnosis and treatment; a discussion of the need to develop a plan for accessing competent 
medical care in the event of illness; detailed advice regarding PPM (see Chapter 3); the use of 
standby emergency therapy (self-treatment), if applicable; and the possibility of counterfeit malaria 
drugs procured locally (10). 

Data on the incidence of malaria in long-term travellers are limited; also limited are data on the 
effectiveness and tolerance of currently recommended regimens. Studies conducted in chloroquine-
resistant regions consistently demonstrate that mefloquine is more effective than chloroquine and 
proguanil and its long-term use and that it is well tolerated (5;18–20). Better knowledge about 
malaria seems to benefit compliance: a preventive malaria program for nonimmune expatriates 
working in malaria-endemic areas resulted in significant increase in knowledge about malaria and 
improved practices including greater adherence to chemoprophylaxis (19). Another program that 
included instruction on Canadian guidelines, PPM and self-treatment with self-administered positive 
rapid diagnostic tests was instituted for a cohort of expatriates in Ghana, among whom the 
incidence of malaria ranged from 1/50 to 1/25 per month between 1993 and 1999 (2%–4%). 
Subsequent surveillance data indicated that the monthly incidence of malaria decreased from 
4/1,000 in 2000 to 1.7/1,000 in 2002 (0.4%–0.17%) (unpublished data, K. Gamble). 
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INSECTICIDE-TREATED BED NETS
CATMAT recommends that all travellers to malaria-endemic regions use insecticide-treated 
bed nets as part of their PPM (see Chapter 3). For the majority of travellers, conventional 
insecticide-treated bed nets provide sufficiently long-lasting protection. However, long-term 
travellers face additional challenges: the insecticide that is in most nets starts to lose its effect 
after 6 months. Thus, where travel to a malaria-endemic area is frequent and/or is expected to be 
for 6 months or longer, conventionally treated bed nets are inadequate and long-lasting insecticide-
treated nets would be preferable (21). Currently there are no Canadian long-lasting insecticide-
treated nets registrations, nor is there a specific policy that permits their sale in Canada for use 
abroad; in addition, liquid permethrin (an insecticide used to treat bed nets) is not available in 
Canada. Nevertheless, insecticide-treated bed nets can be obtained from some Canadian travel 
health clinics and other domestic and international suppliers (21).

Long-term travellers also need to know about seasonal changes in weather that affect malaria risk 
and loss of effect of the insecticide-impregnating bed nets. This means that the start of rainy 
seasons requires the renewal of this insecticide in bed nets.

RAPID DIAGNOSTIC TESTS 
Without adequate training of laboratory staff, the usefulness of rapid diagnostic tests (RDTs) may 
be no better than that shown in the general travel population (22;23) (see Chapter 6 for information 
on malaria diagnosis and RDTs). However, expatriates are often part of a reasonably stable 
community, which allows for the training of key members on the use of RDTs and the administration 
of appropriate self-treatment. Caution is warranted, however; there are few data from controlled 
studies on the use of RDTs in the long-term traveller or expatriate populations. An evaluation of 
a preventive malaria program for expatriates in malaria-endemic areas, which included RDTs and 
standby treatment, found that 15% of participants had difficulty performing the RDTs and 22% 
used standby treatment despite having a negative RDT (24). 

COUNTERFEIT DRUGS
The production, distribution and sale of counterfeit antimalarial, antiretroviral and other 
medications are widespread throughout many parts of Asia and Africa (25–27). One-third to 
one-half of artesunate tablets in southeast Asia have been found to have no active ingredient (25). 
Many expatriates buy their antimalarial drugs over the counter, and they do not have the ability 
to evaluate the authenticity of these drugs. Unfortunately, simply encouraging expatriates and 
long-term travellers to purchase brand names may be insufficient (25–27).

The counterfeit drug problem is especially important for long-term travellers because they are 
dependent on local pharmacies for renewal of their antimalarial chemoprophylaxis prescriptions 
and often for standby malaria self-treatment drugs (25–27). Warn all travellers, and especially 
long-term travellers, expatriates and missionaries, about counterfeit drugs and encourage them 
to buy a supply of medication in countries where strict quality control measures are in place. If 
Coartem® (artemether-lumefantrine),, which is not yet licensed for distribution in Canada but is 
recommended by the World Health Organization as first-line treatment for P. falciparum malaria 
in Africa, is recommended, travellers should buy it in countries where counterfeiting is unlikely 
(e.g. in Europe or the USA) (28). Although long-term atovaquone-proguanil prophylaxis may be 
too expensive for most long-term travellers and expatriates, long-term travellers may choose 
to purchase enough for one or two self-treatment courses to keep in their medical kit (29).
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TERMINAL PROPHYLAXIS
Terminal prophylaxis is more of a concern in long-term than in short-term travellers. Expatriates 
and the military deserve careful consideration (see Chapter 4 “Prevention—Chemoprophylaxis 
Regimens”).

TABLE 5.3.1: Evidence-based medicine recommendations

RECOMMENDATION EBM RATING

Guidelines for the prevention of malaria in long-term travellers or expatriates should not 
deviate considerably from recommendations for short-term travellers (30).

B III

Training in the use of RDTs is reasonable for long-term travellers (23;30). C III

Education about counterfeit antimalarial medications is important for long-term travellers 
who are more likely to buy drugs in countries without quality controls (25–27).

C II

Consider primaquine for terminal prophylaxis (see Chapter 8) for military personnel, 
long-term travellers or expatriates returned from regions with P. vivax transmission 
(17;28;30).

A I

ABBREVIATION: EBM, evidence-based medicine; RDT, rapid diagnostic test.

NOTE: For a description of the categories and quality of evidence of the recommendations, see Appendix IV.
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5.4	 PREVENTION IN SPECIAL HOSTS— 
TRAVELLERS WITH CO-MORBIDITIES

The prevention, diagnosis and management of malaria in travellers with underlying medical 
conditions present a number of challenges. Deleterious interactions between malaria and 
underlying conditions may result in increased susceptibility to and severity of malaria or risk of 
complications of the underlying condition. Drug interactions with chronic-use medications must 
be considered when prescribing malaria chemoprophylaxis or treatment. Some underlying health 
conditions may be exacerbated by or preclude the use of one or more antimalarial medications.

The potential for adverse drug interactions should always be considered when recommending 
malaria chemoprophylaxis. A drug interaction check should be undertaken routinely unless the 
travellers’ medications are known to be safe with the proposed antimalarial agent. 

IMMUNOCOMPROMISED HOSTS
i. HIV/AIDS: There is a significant and complex interaction between human immunodeficiency 
virus (HIV) and P. falciparum. Acute malaria stimulates HIV-1 replication, resulting in increased viral 
loads that may hasten disease progression (1;2) and increase transmission risk. HIV infection impairs 
immune responses to malaria and increases both the incidence and severity of malaria (2;3). HIV 
infection may increase the risk of malaria treatment failure (4) with risk increasing as CD4 counts 
decline (5–7). Women who are co-infected with HIV and malaria may have a higher risk of  
mother-to-child HIV transmission as well as an increased risk of congenital malaria (8–10). 

The potential for drug interactions between antimalarial and antiretroviral agents must be 
considered whenever an antimalarial prophylaxis or treatment is prescribed to an HIV-infected 
person on antiretroviral therapy. Protease inhibitors and non-nucleoside reverse transcriptase 
inhibitors may interact with antimalarials, resulting in toxicity or reduced effectiveness of either 
drug (11). Table 1 summarizes general antiretroviral and antimalarial drug interactions. Despite 
the limited information available, it is recommended that specific drug interactions be reviewed 
whenever antimalarials are prescribed for a traveller taking antiretroviral compounds. 

TABLE 5.4.1: General antiretroviral and antimalarial drug interactions (11) 

SUMMARY OF INTERACTIONS

Chloroquine No documented significant interactions

Ritonavir: potential increase in chloroquine levels 

Mefloquine Non-nucleoside reverse transcriptase inhibitors (NNRTIs): may decrease  
mefloquine levels

Protease inhibitors (PIs): possible decrease in mefloquine or PI levels

Doxycycline No interactions with NNRTIs or PIs

ddI—avoid use with tablets / oral suspension (Videx EC® capsules: no interaction)

Atovaquone-proguanil Azidothymidine (AZT): increased AZT levels, routine dose adjustment not required

NNRTIs and PIs: avoid co-administration due to risk of sub therapeutic  
atovaquone levels 

In addition to assessing for drug interactions, consideration must also be given to the risk of 
overlapping adverse effect profiles (11). Consultation with a travel or tropical medicine expert in 
conjunction with the traveller’s HIV specialist is recommended.
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ii. Asplenia: Asplenia increases the risk, magnitude and duration of parasitemia, even among partially 
immune individuals in malaria-endemic countries (12), and severe and fatal malaria has been reported 
in travellers with asplenia (13). Standby self-treatment should be considered in addition to prophylactic 
measures if remote regions are being visited and/or access to care is limited (see Chapter 5.3) 
including section on stand-by emergency treatment). Fever in an asplenic individual may represent 
malaria or infection with an encapsulated bacterial organism, so antibacterial standby treatment 
should also be discussed/provided (14). Given the risk of postsplenectomy bacterial sepsis, use of 
doxycycline for malarial prophylaxis may be preferred over other options due to its antibacterial 
activity (15).

iii. Other immunosuppressive conditions: There is limited information about the natural history of 
malaria in individuals with other immunocompromising conditions and treatments, such as biologic 
agents. The severity and mortality of malaria may be increased and therefore immune compromised 
travellers should receive extra attention directed at securing optimal adherence to both personal 
protective measures against arthropod exposure and malaria chemoprophylaxis. The potential for 
adverse drug interactions must be considered when prescribing malaria chemoprophylactic agents 
to travellers using immunosuppressive medications. The major interactions between antimalarials 
and anti-rejection drugs are listed in Table 2. Collaboration between transplant specialists and travel 
medicine prescribers and, in some cases, a pre-travel trial with monitoring of drug levels, may be 
beneficial to optimize malaria chemoprophylaxis for these patients. 

TABLE 5.4.2: Potential interactions between anti-rejection drugs and antimalarials

ANTIMALARIAL ANTIREJECTION AGENT POTENTIAL EFFECT

Chloroquine Tacrolimus

Cyclosporine

Prolonged QT

Increased cyclo levels

Mefloquine Cyclosporine

Tacrolimus

Prolonged QT

Prolonged QT

Doxycycline Mycophenolate Decreased myco levels

Atovaquone No reported interactions to date

OTHER CONDITIONS 
i. Cardiovascular: Mefloquine has not been confirmed to be linked to arrhythmias when used 
for prophylaxis in a small research study (16), although aberrant atrioventricular conduction 
was reported in a case study (17). There are reports of mefloquine, doxycycline and proguanil 
potentiating warfarin, resulting in abnormal coagulation and sometimes bleeding (16;18–21). 
If these medications are used (including proguanil as a component of Malarone®), a medication 
trial  should be done several weeks in advance of travel and serial testing of the International 
Normalized Ratio should be done to allow adjustment of the anticoagulant dose both 
before and after travel.
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ii. Neurologic disorders: 

Seizure disorders may be exacerbated by chloroquine and mefloquine, so alternative agents 
should be used. There is no evidence that febrile seizures in children are a contraindication for 
these drugs. Concurrent use of anticonvulsant drugs that induce hepatic microsomal enzymes  
(e.g., barbiturates, phenytoin, carbamazepine) may decrease serum levels and half-life of 
doxycycline, and may require dosage adjustment (21) (see Chapter 8). 

Myasthenia gravis: Acute infections, including malaria, may trigger exacerbations of myasthenia 
gravis; therefore optimal malaria prevention through adherence to chemoprophylaxis and effective 
use of insect personal protective measures should be reinforced. Chloroquine, mefloquine and 
doxycycline have all been associated with worsening of myasthenic symptoms and should be 
avoided although doxycycline has less frequently been associated with worsening myasthenic 
symptoms compared to chloroquine and mefloquine and a trial of therapy prior to travel may be 
considered in stable patients, particularly for those with only ophthalmologic symptoms. Although 
atovaquone-proguanil has not been linked with worsening of myasthenic symptoms, proguanil 
monotherapy has been reported to worsen symptoms (22) and a trial of therapy prior to travel would 
be prudent. Both proguanil and doxycycline have the benefit of a short half-life, compared to other 
prophylactic choices, thus potentially limiting the duration of worsened symptoms compared to long 
acting agents. Primaquine has not been associated with myasthenic symptoms; therefore, it may be 
an option for prophylaxis of P. falciparum infection (after ruling out G6PD deficiency) in myasthenic 
travellers who are unable to tolerate doxycycline and atovaquone-proguanil.

If an acute episode of malaria occurs, treatment options may be limited, and it may be difficult to 
determine if deterioration in myasthenic symptoms is due to the effects of acute malaria or malaria 
treatment. Quinine has been reported to cause a myasthenia-like syndrome (23) and deterioration 
in patients with myasthenia (24). Lumefantrine and the artemesinin derivatives have not been 
reported to trigger or worsen myasthenic symptoms but there are also no reports of use of these 
agents in myasthenic patients. Because of the risk of severe decompensation with respiratory 
compromise, travellers with active myasthenia gravis should avoid travelling to areas where tertiary 
care may be difficult to access in a timely manner and should ensure they carry adequate medical 
evacuation insurance.

iii. Psychiatric disorders: Dose related neuropsychiatric adverse effects are well recognized 
with mefloquine and to a lesser extent with chloroquine (25;26). Predisposing factors for possible 
significant adverse neuropsychiatric events include: female gender, low body mass index, prior 
history of adverse neuropsychiatric reactions to mefloquine, and previous significant psychiatric 
diagnoses (27). Although the link between mefloquine and serious mental reactions has not been 
clearly established, mefloquine should not be prescribed for travellers before completing a careful 
assessment of history of depression, generalized anxiety disorder or psychosis (28;29). There are no 
data demonstrating that attention deficit disorder increases the risk of neuropsychiatric side effects; 
however, it is prudent to ensure that psychiatric conditions such as those noted above do not 
co-exist (30).

iv. Hepatic or renal dysfunction: Moderate to severe hepatic or renal dysfunction may result in 
significant alteration in antimalarial medication levels. If the course of action is unclear after review 
of a standard reference, consultation with a travel/tropical medicine expert is recommended. Table 
3 outlines antimalarial drug considerations for individuals with renal or hepatic disease.
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TABLE 5.4.3: Antimalarial Drug considerations for individuals with renal or hepatic disease (31–35)

RENAL HEPATIC RECOMMENDATIONS 

Chloroquine 95% excreted  
in urine

Partial hepatic 
metabolism

Caution for use in hepatic impairment,  
(dose adjustment may be required) and in 
presence of concurrent use of hepatotoxic 
agents. Caution for use in renal impairment—
dosage adjustment may be required.

Mefloquine 9% excreted 
unchanged in urine

Metabolized in liver 
(CYP 3A4) and excreted 
predominantly in bile 
and feces

Caution for use in hepatic impairment.

No dose adjustments required for renal  
failure or dialysis.

Doxycycline 30–50% excreted 
unchanged, does 
not accumulate in 
renal insufficiency

Partial hepatic 
metabolism—
prolonged half- life may 
occur with significant 
hepatic impairment. 

No dose adjustment in renal failure or dialysis. 

Dose adjustment may be required for  
hepatic disease.

Avoid in severe liver dysfunction.

Proguanil < 40% excreted 
unchanged in urine

Partial hepatic 
metabolism of 
proguanil (CYP 2C19). 
Metabolites excreted  
in urine

No dose change for mild to moderate renal 
impairment. Contraindicated if creatinine 
clearance is < 30 mls. / min due to potential 
drug accumulation.

No change for mild to moderate hepatic 
impairment. Not studied in patients with  
severe hepatic impairment—use with caution.

Atovaquone Minimal > 90% Excreted 
unchanged in feces

v. Miscellaneous conditions: 

Psoriasis: Antimalarials, particularly chloroquine and hydroxychloroquine, have been reported 
to trigger acute flares of psoriasis; however there is no consensus on whether this constitutes a 
contraindication for the use of these agents (36;37). When making recommendations for malaria 
chemoprophylaxis in the presence of psoriasis, chloroquine should generally be avoided and 
alternative agents recommended. There is insufficient evidence to consider psoriasis an absolute 
contraindication to the use of chloroquine, however, if chloroquine is chosen, travellers with 
psoriasis should be made aware of the potential risk of exacerbation. The risk of exacerbation 
of psoriasis with use of mefloquine, atovaquone/ proguanil and doxycycline is not substantiated 
based on current literature. 

Glucose-6-phosphate dehydrogenase deficiency (G6PD): While G6PD deficiency may impart a 
degree of resistance to malaria infection, this is not absolute and effective malaria prevention is 
important. Use of primaquine is contraindicated in the presence of G6PD deficiency due to high 
risk of hemolysis, which can be life threatening. Chloroquine is considered contraindicated by the 
manufacturer in the presence of G6PD deficiency, although significant hemolysis is unlikely at 
prophylactic doses. Hemolysis is not a concern for use of other antimalarials when used in 
prophylactic doses.

Porphyria: With the exception of atovaquone proguanil, all of the first line malaria chemoprophylactic 
agents are considered possibly porphyrinogenic and are recommended for use with precaution 
and only if no safer alternative exists. Atovaquone proguanil is considered “probably not 
porphyrinogenic” and may be used without special precautions (38). Evidence for safety of 
doxycycline in porphyria is conflicting (38).
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TABLE 5.4.4: Evidence-based medicine recommendations

RECOMMENDATIONS EBM RATING

Individuals who are immunosuppressed or have other co-morbidities should consult with  
a travel medicine or infectious disease expert in conjunction with the principal physician  
for their underlying condition prior to travel (39). 

B III

Potential drug interactions and overlapping toxicities warrant careful review before 
antimalarial drugs are prescribed for individuals with chronic medical conditions, including 
HIV infection (12).

A I

HIV-infected individuals who are pregnant or have advanced immune suppression should 
be encouraged to choose non malaria endemic locations or defer travel until after 
pregnancy or restoration of immune function. 

BIII

Standby antimalarial therapy should be provided to asplenic travellers who may experience 
delays in accessing appropriate care for febrile illness.

AII

A pre-travel trial with INR testing should be done if mefloquine, doxycycline or proguanil 
(including atovaquone-proguanil) are to be used in individuals taking warfarin (18–21). 

AII

Chloroquine and mefloquine should be avoided in the presence of a chronic seizure 
disorder.

EII

Chloroquine and mefloquine should be avoided in travellers with myasthenia gravis. EIII

Mental health history should be carefully reviewed prior to recommending use of 
mefloquine to ensure that psychotic, depressive or anxiety disorders are absent (28). 

AI

Travellers with psoriasis should be aware of the potential risk of exacerbation of psoriasis 
with malaria chemoprophylaxis.

BIII

Mefloquine, doxycycline and atovaquone-proguanil should be preferred over chloroquine 
for use in patients with underlying psoriasis.

BIII

Primaquine should not be used as chemoprophylaxis in the presence of G6PD deficiency. EII

Atovaquone-proguanil may be the preferred choice for malaria prophylaxis in the  
presence of porphyria.

BIII

ABBREVIATION: EBM, evidence-based medicine; PPM, personal protective measures.

NOTE: For a description of the categories and quality of evidence of the recommendations, see Appendix IV.
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5.5	 PREVENTION IN SPECIAL HOSTS—MIGRANTS AND 
THOSE VISITING FRIENDS AND RELATIVES (VFR)

MIGRANTS
Risk for malaria exists for migrants after their arrival in Canada from a malaria-endemic country. 
While some refugees may receive pre-departure pre-emptive treatment for malaria in refugee 
camps, such treatment is by no means universal. Most cases of malaria will develop within three 
months of last exposure, but residual risk may persist for one year or longer, with the longest 
reported relapses occurring decades later. As such, the diagnosis of malaria should be considered 
for migrants new to Canada for at least 12 months after their arrival. 

Recent clinical guidelines published in Canada include chapters on migrant malaria (1;2). Overall, 
there are no data on the number of migrant malaria cases diagnosed in Canada; however, there 
are limited data on severe malaria cases reported to the Canadian Malaria Network. Between 2001 
to 2012, just under 20% of all cases of severe malaria in Canada had reported immigration as the 
reason for travel, and 65.7% of these cases were under 18 years old (Personal communication, 
A. McCarthy and J. Geduld, Domestic Response Unit, Malaria Branch—Division of Parasitic 
Diseases, US Centers for Disease Control and Prevention, 2012).

VISITING FRIENDS AND RELATIVES
According to the 2007 Census, almost 20% of the Canadian population is made up of people 
not born in Canada (3), and large numbers are part of families who came to Canada in recent 
generations. The increased ease of international travel means that that more travellers can and 
do return to their country of origin to visit friends and relatives. Those visiting friends and relatives 
(VFRs) are a unique group with distinct characteristics and behaviours, and resultant risks of disease 
acquisition while travelling. Malaria is a specific risk for VFRs, with some studies suggesting as 
much as a 4.5-fold greater risk of malaria for VFRs compared with tourist travellers (4). VFRs routinely 
represent a significant proportion (21%–68%) of the cases of imported malaria in various countries (5). 
Canada does not have data on the overall numbers of VFR cases seen. However, VFRs account for 
approximately 25.1% of cases of severe malaria from 2001 to 2012, and 8.8% (4 of 45 cases) were 
among those aged less than 18 years (Personal communication, A. McCarthy and J. Geduld, 2012). 

In the United States 2,483 malaria cases reported to the Centers for Disease Control and 
Prevention (CDC) between 2006 and 2010 were VFRs, representing 32.9% of all cases. Among 
these travellers, 15.8% were aged 18 years and under (Personal communication, K. Cullen and 
P. Arguin, 2012). In the same timeframe, 8.1% (n = 616) of all the malaria cases reported to the 
CDC were among immigrants or refugees, and 45.0% were among those 18 years of age or under. 

Characteristics of the travel destination, the traveller, and travel health beliefs and behaviours 
predispose VFRs to a heightened risk of malaria acquisition (5). VFRs tend to travel to destinations 
different to those travelled to by tourists: they often go to rural locations with a higher transmission 
risk of malaria (and of other tropical diseases) than in urban centres (6). Accommodations are more 
likely to be with local family members than in air-conditioned and well-screened hotels (6). VFRs tend 
to be younger and often travel with their Canadian-born children, remaining in their countries of 
origin for longer than tourist travellers travel to their destinations (6). Sometimes, travel plans are 
made at the last minute because of urgent situations such as returning to visit a sick relative or to 
attend a funeral (6). They also tend to be less likely to seek out or comply with preventive travel 
health advice (7–9), including malaria chemoprophylaxis and personal protective measures (PPM) 
(5;7), possibly because of financial or time restrictions, misconceptions about immunity against 
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malaria and reliance on advice from family members or local providers at their destination (6;10–13). 
For these reasons, risk of malaria acquisition in VFRs can sometimes approach that of local residents, 
but the risk of severe disease is higher due to loss of partial immunity after having lived abroad (6). 

TABLE 5.5.1: Evidence-based medicine recommendations

RECOMMENDATION EBM RATING

Test for malaria in migrants with unexplained fever for at least for at least 12 months  
after their arrival in Canada.

C III

Consider malaria screening in asymptomatic new arrivals from highly endemic areas,  
with treatment of those cases who have parasitemia (apart from the presence of 
gametocytes only) in blood smears. 

C III

Ask migrants from malaria-endemic countries about future travel plans. Doing so may 
provide the opportunity for anticipatory guidance about malaria (6).

C III

Inform Canadian VFRs travelling to malaria-endemic countries of the risk of malaria, 
including the loss of partial immunity from living abroad and the increased risk for  
severe disease in children and pregnant women (6).

C III

Counsel Canadian VFRs travelling to malaria-endemic countries about PPM  
(repellants, bed nets, behavioural choices) and chemoprophylaxis (6).

C III

Discuss the affordability of chemoprophylaxis with Canadian VFRs travelling to  
malaria-endemic countries, taking cost into account in the weighing of different choices (6).

C III

ABBREVIATION: EBM, evidence-based medicine; PPM, personal; protective measures; VFR, visiting friends and relatives.

NOTE: For a description of the categories and quality of evidence of the recommendations, see Appendix IV.
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Chapter 6: MALARIA DIAGNOSIS
Plasmodium falciparum malaria can be rapidly fatal, particularly in a nonimmune host. It is the most 
urgent diagnosis to confirm or exclude in the febrile traveller who has been in a malaria-endemic 
zone. Although other signs and symptoms may be present in people with malaria, they are neither 
sensitive nor specific. For example, fever is frequently not cyclic, and splenomegaly is rarely present 
early in the course of P. falciparum malaria (1). Clinical assessment, even by experts, cannot reliably 
confirm or exclude a diagnosis of malaria (2). Most cases of P. falciparum malaria present within 
2 to 3 months of exposure, although clinical presentation may be delayed in travellers who have 
taken chemoprophylaxis. Other malaria species, for example, P. ovale and P. vivax, may present 
as late as several years after exposure. 

The large majority of travel-related malaria cases diagnosed in nonendemic countries present within 
several months of return from an endemic area (3). However, some cases, including P. falciparum, will 
present after a longer period, that is, six months or more postexposure. For this reason, Committee 
to Advise on Tropical Medicine and Travel (CATMAT) recommends that travellers who become ill 
with an unexplained fever within a year of returning home (regardless of whether malaria prophylaxis 
was prescribed or taken) should seek immediate medical attention and tell the physician their travel 
history. Particular attention should be paid to fevers that develop in the three months following 
travel, the period during which more than 90% of falciparum malaria is expressed.

Health care providers should inform travellers of this as part of their pre-travel assessment, and 
physicians should include a travel history in the assessment of febrile patients. 

MICROSCOPY
Confirmation or exclusion of a diagnosis of malaria depends upon laboratory examination of a 
blood sample. The standard test involves microscopic examination of thick and thin blood smears. 
Accurate examination of a blood smear requires considerable training and experience, particularly 
in the interpretation of the thick smear and in the speciation of identified parasites. Lack of 
experienced personnel may limit the accuracy of malaria diagnosis in laboratories in Canada (4), 
whereas diagnosis in low-income countries is often hampered by problems with the quality of 
microscopes or stains and with supervision and quality control in the laboratory (5). For example, 
among US Peace Corps volunteers whose malaria was diagnosed by blood smear in local clinics 
in sub-Saharan Africa, the diagnosis could be confirmed in only 25% of cases (6).

When malaria is suspected, a Canadian laboratory should be able to confirm the presence of the 
parasite and, in most cases, identify the species within 1 to 2 hours of receiving a blood specimen (5). 
In very few cases, when the level of parasitemia is low, an initial smear may be falsely negative. Thus, 
one or two additional smears are required every 12 to 24 hours to confirm or exclude the diagnosis. 
It is important to obtain repeat smears at regular intervals rather than potentially delay the diagnosis 
by attempting to time sample-taking with the fever cycle (7). 

An essential element of interpreting malaria smears is the speciation of the parasite. Correct 
speciation may be critical to choosing the appropriate life-saving treatment and making other 
decisions, for example, about hospitalization. Quantitating parasitemia is also important to 
determine the need for parenteral treatment or, exceptionally, the need for exchange transfusion 
and for admission to an intensive care unit. In addition, it is important for monitoring treatment 
of P. falciparum infection. 
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RAPID DIAGNOSTIC TESTS
Rapid diagnostic tests (RDTs) do not require microscopy or specialized laboratory skills and can 
play a valuable adjunctive role in diagnosing malaria (8). A variety of RDTs are licensed by Health 
Canada for use in Canada and can be reviewed in the Medical Devices Active License Listing. RDTs 
are immunochromatographic assays that use monoclonal antibodies to capture malaria antigens 
in a blood sample, producing a visible colour change. All tests include a positive control band that 
becomes visible as the sample migrates along the strip. The absence of a control band indicates 
an invalid test, but the presence of a visible control band does not assure reliability (9). 

RDTs require small volumes of blood (2–50 μL) and can be done on fingerstick specimens or 
on anticoagulated blood or plasma. The current targets for RDTs are histidine-rich protein-2 of 
P. falciparum (PfHRP-2) or enzymes from the parasite glycolytic pathway, for example, parasite-
specific lactate dehydrogenase (pLDH) or Plasmodium aldolase (also called panmalarial antigen). 
Lactate dehydrogenase-based tests may detect all species of malaria or may be specific for  
P. falciparum or P. vivax. Aldolase tests are panspecific and cannot differentiate between any of 
the types of malaria.

The World Health Organization lists 96 different tests that can be categorized into seven different 
types (10). Combinations of target antigens can be used to detect infection due to P. falciparum, 
P. vivax, mixed P. falciparum / P. vivax or mixed P. falciparum / non-falciparum species. To date, 
tests specific for P. malariae and P. ovale are not available (10;11). Recent studies have shown that 
P. knowlesi possess both PfHRP-2 and pLDH, and therefore tests falsely report P. falciparum or 
P. vivax (12;13). 

Although some RDTs were originally developed for use by travellers without access to effective 
malaria diagnosis, they have proved to be unreliable in this setting. Significant proportions of 
travellers are unable to complete the test procedure or interpret the results correctly (14;15), and 
the rates of false-negative results are unacceptable (16). However, when used by trained laboratory 
staff, these tests can contribute to the rapid diagnosis of malaria pending confirmatory testing with 
microscopy and/or polymerase chain reaction (PCR) (8). 

In general, RDTs are best at detecting P. falciparum, with sensitivities between 88% and 100% and 
specificities between 92% and 95% (17). A recent meta-analysis found that RDTs based on PfHRP-2 
had a higher sensitivity but lower specificity in assessing for P. falciparum in high endemic regions 
compared with those based on pLDH (95.0% and 95.2% vs. 93.2% and 98.5%) (10). An earlier 
meta-analysis of RDTs in returned travellers found that tests based on PfHRP-2 were more accurate 
than those on pLDH (8). Sensitivity is decreased at parasite densities below 100/μL, with sensitivities 
of less than 70% at densities less than 50/μL (18). The sensitivity for the detection of P. vivax is 
inferior to that of P. falciparum. For P. vivax, the data are limited, but the threshold for satisfactory 
detection of parasitemia may be higher (> 1,000 parasites/μL) (14). 

RDTs are not recommended for assessing the response to antimalarial therapy. PfHRP-2 persists for 
prolonged periods after the asexual stage parasites have cleared from blood, with 68% positivity 
at 7 days and 27% positivity at 28 days after initiation of therapy (18). Parasite aldolase-based tests 
also remain positive after clearance of asexual stage parasites and may remain positive even longer 
than PfHRP-2-based tests.
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The advantage of RDTs is that they are simple to use, require no equipment and can be performed 
by laboratory staff who are untrained in malaria microscopy. However, results can be inaccurate if 
instructions are not followed carefully. Results must be read within the time frame specified by the 
manufacturer, as test lines may appear positive several hours after the test is performed even in 
the absence of true parasitemia. Heat and humidity can damage the tests, so test packages should 
only be opened immediately before use. 

The presence of autoantibodies, such as rheumatoid factor, heterophile antibodies and anti-mouse 
antibodies, has been shown to give false-positive results in some test kits. The likelihood of a 
false-positive result in the presence of rheumatoid factor varies with the test antibody. Occasional 
reports of negative RDTs in people with high levels of parasitemias are likely due to prozone in 
which an excess of antigen masks the test antibody (8;19). 

Occasionally, there may be cross-reaction between species. For example, the aldolase- or pLDH-
based tests with falciparum and non-falciparum bands may give a positive reaction on both bands 
when only P. falciparum infection is present, making accurate diagnosis of mixed infections difficult 
(17). Geographic variation between P. falciparum strains could also affect test sensitivity (20).

POLYMERASE CHAIN REACTION
Although not practical for immediate care because of its limited availability, PCR is emerging as 
the gold standard for high sensitivity and specificity in speciation (Table 6.1). It is being increasingly 
used for quality control. PCR techniques (e.g. real-time PCR) that provide more rapid results are 
likely to become more available in the near future (21–23). 

TABLE 6.1: Comparison of diagnostic tests for malaria

APPROXIMATE 
PARASITE DENSITY 
THRESHOLD, 

PER µL (%)

SPECIATION ACCESSIBILITY
RESISTANCE 
DETECTION

Microscopy—thick films 50 (0.001) Fair Limited No

Microscopy—thin films > 100 (0.002) Good Limited No

RDT > 100 (0.002 +/- (Limited) Good No

PCR 5 (0.0001) Good Poor Yes

ABBREVIATIONS: PCR, polymerase chain reaction; RDT, rapid diagnostic test.
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TABLE 6.2: Evidence-based medicine recommendations

RECOMMENDATION EBM RATING

Suspected malaria should be considered a medical emergency, particularly if there is 
evidence of organ dysfunction, as well as altered mental state (24–27). 

A II

Travellers to malaria-endemic areas should be advised to present themselves for  
medical attention, including laboratory assessment, as soon as possible but always  
within 24 hours of onset of an unexplained fever, at any time while travelling and during 
the first year after returning. Travellers should always inform their health care provider  
of their travel history (27). 

A III

Malaria should be suspected in any febrile person with a history of travel to a malaria-
endemic area and a history of or finding of fever (2). 

A III

Blood should be examined immediately for malaria if it is suspected. If expertise in 
reading malaria smears is not available, diagnosis should involve the local use of an  
RDT and then the rapid transfer of a blood sample to a reference centre. The result  
of the RDT or initial blood smear should be available within 2 hours of blood taking (8).

A III

If the initial smears are negative, two additional smears should be taken and examined  
12 hours and 24 hours later (28). 

B III

Before declaring the smears negative for malaria, someone experienced in smear analysis 
should examine a thin smear under oil emersion for 15–20 minutes (200–300 oil immersion 
fields at 100× magnification) and a thick smear for 5–10 minutes (200–300 oil immersion 
fields at 100× magnification) (29;30). 

A III

A laboratory should interpret the blood smear as positive or negative and quantify any 
parasites within 1–2 hours of receiving the blood, and should provide speciation within  
12 hours, if this is not possible immediately (28;29).

B III

RDTs are essential diagnostic tools in regions of Canada where malaria microscopy  
results are not available within 2 hours (27). 

B III

RDT results (both positive and negative) must be verified by expert microscopy or PCR  
to determine the level of parasitemia and species identification. Parasitemia levels are 
essential for patient management of falciparum malaria (31;32). 

A II

RDTs should not be used to assess response to therapy (33;34). E II

RDTs should not be routinely recommended to travellers (14;27;35). D II

ABBREVIATION: EBM, evidence-based recommendation; PCR, polymerase chain reaction; RDT, rapid diagnostic test.

NOTE: For a description of the categories and quality of evidence of the recommendations, see Appendix IV.

REFERENCE LIST
(1) 	 Svenson JE, MacLean JD, Gyorkos TW, Keystone J. Imported malaria. Clinical presentation and 

examination of symptomatic travelers. Arch Intern Med 1995 Apr 24;155(8):861–8.

(2) 	 Svenson JE, Gyorkos TW, MacLean JD, . Diagnosis of malaria in the febrile traveler. Am J Trop  
Med Hyg 1995;53(5):518–21.

(3) 	 Mali S, Kachur SP, Arguin PM. Malaria surveillance—United States, 2010. MMWR Surveill Summ 2012 
Mar 2;61(2):1–17.

(4) 	 Kain KC, Harrington MA, Tennyson S, Keystone JS. Imported malaria: prospective analysis of 
problems in diagnosis and management. Clinical infectious diseases : an official publication of the 
Infectious Diseases Society of America 1998;27(1):142–9.

(5) 	 Reyburn H, Mbatia R, Drakeley C, Carneiro I, Mwakasungula E, Mwerinde O, et al. Overdiagnosis  
of malaria in patients with severe febrile illness in Tanzania: a prospective study. BMJ 2004  
Nov 20;329(7476):1212.



54 	CANADIAN RECOMMENDATIONS FOR THE PREVENTION AND TREATMENT OF MALARIA

(6) 	 Lobel HO, Varma JK, Miani M, Green M, Todd GD, Grady K, et al. Monitoring for mefloquine-resistant 
Plasmodium falciparum in Africa: implications for travelers’ health. Am J Trop Med Hyg 1998 
Jul;59(1):129–32.

(7) 	 Strickland GT. Hunter’s tropical mediine and emerging infectious diseases. 8 ed. philadelphia: W.B. 
Saunders Company; 2000.

(8) 	 Marx A, Pewsner D, Egger M, Nuesch R, Bucher HC, Genton B, et al. Meta-analysis: accuracy of rapid 
tests for malaria in travelers returning from endemic areas. Ann Intern Med 2005 May 
17;142(10):836–46.

(9) 	 Bell D, Wongsrichanalai C, Barnwell JW. Ensuring quality and access for malaria diagnosis: how can  
it be achieved? Nat Rev Microbiol 2006 Sep;4(9 Suppl):S7–20.

(10) 	 Abba K, Deeks JJ, Olliaro P, Naing CM, Jackson SM, Takwoingi Y, et al. Rapid diagnostic tests for 
diagnosing uncomplicated P. falciparum malaria in endemic countries. Cochrane database of 
systematic reviews (Online) 2011;(7):CD008122.

(11) 	 Farcas GA, Zhong KJ, Lovegrove FE, Graham CM, Kain KC. Evaluation of the binax NOW ICT test 
versus polymerase chain reaction and microscopy for the detection of malaria in returning travelers. 
Am J Trop Med Hyg 2003;69(6):589–92.

(12) 	 McCutchan TF, Piper RC, Makler MT. Use of malaria rapid diagnostic test to identify Plasmodium 
knowlesi infection. Emerging Infectious Diseases 2008;14(11):1750–2.

(13) 	 Kawai S, Hirai M, Haruki K, Tanabe K, Chigusa Y. Cross-reactivity in rapid diagnostic tests between 
human malaria and zoonotic simian malaria parasite Plasmodium knowlesi infections. Parasitol Int 
2009;58(3):300–2.

(14) 	 Jelinek T, Amsler L, Grobusch MP, Nothdurft HD. Self-use of rapid tests for malaria diagnosis by 
tourists. Lancet 1999 Nov 6;354(9190):1609.

(15) 	 Whitty CJM, Armstrong M, Behrens RH. Self-testing for falciparum malaria with antigen-capture  
cards by travelers with symptoms of malaria. Am J Trop Med Hyg 2000 Nov;63(5–6):295–7.

(16) 	 Trachsler M, Schlagenhauf P, Steffen R. Feasibility of a rapid dipstick antigen-capture assay for  
self-testing of travellers’ malaria. Trop Med Int Health 1999 Jun;4(6):442–7.

(17) 	 Chilton D, Malik AN, Armstrong M, Kettelhut M, Parker-Williams J, Chiodini PL. Use of rapid 
diagnostic tests for diagnosis of malaria in the UK. J Clin Pathol 2006 Aug;59(8):862–6.

(18) 	 Iqbal J, Siddique A, Jameel M, Hira PR. Persistent histidine-rich protein 2, parasite lactate 
dehydrogenase, and panmalarial antigen reactivity after clearance of Plasmodium falciparum 
monoinfection. J Clin Microbiol 2004 Sep;42(9):4237–41.

(19) 	 Jelinek T, Grobusch MP, Schwenke S, Steidl S, von SF, Nothdurft HD, et al. Sensitivity and specificity  
of dipstick tests for rapid diagnosis of malaria in nonimmune travelers. J Clin Microbiol 1999 
Mar;37(3):721–3.

(20) 	 Lee N, Baker J, Andrews KT, Gatton ML, Bell D, Cheng Q, et al. Effect of sequence variation in 
Plasmodium falciparum histidine-rich protein 2 on binding of specific monoclonal antibodies: 
Implications for rapid diagnostic tests for malaria. J Clin Microbiol 2006 Aug;44(8):2773–8.

(21) 	 Farcas GA, Soeller R, Zhong K, Zahirieh A, Kain KC. Real-time polymerase chain reaction assay for  
the rapid detection and characterization of chloroquine-resistant Plasmodium falciparum malaria in 
returned travelers. Clinical infectious diseases : an official publication of the Infectious Diseases 
Society of America 2006;42(5):622–7.

(22) 	 Hawkes M, Kain KC. Advances in malaria diagnosis. Expert Rev Anti Infect Ther 2007 Jun;5(3):485–95.

(23) 	 Farcas GA, Zhong KJY, Mazzulli T, Kain KC. Evaluation of the RealArt Malaria LC real-time PCR assay  
for malaria diagnosis. Journal of clinical microbiology 2004;42(2):636–8.



55CANADIAN RECOMMENDATIONS FOR THE PREVENTION AND TREATMENT OF MALARIA

(24) 	 Legros F, Bouchaud O, Ancelle T, Arnaud A, Cojean S, Le Gras J, et al. Risk factors for imported fatal 
Plasmodium falciparum malaria, France, 1996–2003. Emerg Infect Dis 2007 Jun;13(6):883–8.

(25) 	 Bruneel R, Hocqueloux L, Alberti C, Wolff M, Chevret S, Bedos JP, et al. The clinical spectrum of 
severe imported falciparum malaria in the intensive care unit: report of 188 cases in adults. Am J 
Respir Crit Care Med 2003 Mar 1;167(5):684–9.

(26) 	 Marsh K, Forster D, Waruiru C, Mwangi I, Winstanley M, Marsh V, et al. Indicators of life-threatening 
malaria in African children. N Engl J Med 1995 May 25;332(21):1399–404.

(27) 	 Kain KC, Harrington MA, Tennyson S, Keystone JS. Imported malaria: prospective analysis of 
problems in diagnosis and management. Clinical infectious diseases : an official publication of the 
Infectious Diseases Society of America 1998;27(1):142–9.

(28) 	 Lalloo DG, Shingadia D, Pasvol G, Chiodini PL, Whitty CJ, Beeching NJ, et al. UK malaria treatment 
guidelines. J Infect 2007 Feb;54(2):111–21.

(29) 	 Yu B. Examination of blood smears for malaria parasites. Laboratories Branch, Ontario Ministry of 
Health and Long-term Care; 2005. 

(30) 	 Garcia LS, Johnston SP, Linscott AJ, Shimizu RY. Laboratory procedures for diagnosis of blood-borne 
parasitic diseases. Washington: American Society of Microbiology Press; 2008.

(31) 	 Craig MH, Bredenkamp BL, Williams CH, Rossouw EJ, Kelly VJ, Kleinschmidt I, et al. Field and 
laboratory comparative evaluation of ten rapid malaria diagnostic tests. Trans R SocTrop Med Hyg  
2002 May;96(3):258–65.

(32) 	 Bigaillon C, Fontan E, Cavallo JD, Hernandez E, Spiegel A. Ineffectiveness of the Binax NOW malaria 
test for diagnosis of plasmodium ovale malaria. J Clin Microbiol 2005 Feb;43(2):1011.

(33) 	 Mueller I, Betuela I, Ginny M, Reeder JC, Genton B. The sensitivity of the OptiMAL rapid diagnostic 
test to the presence of Plasmodium falciparum gametocytes compromises its ability to monitor 
treatment outcomes in an area of Papua New Guinea in which malaria is endemic. J Clin Microbiol 
2007 Feb;45(2):627–30.

(34) 	 Swarthout TD, Counihan H, Senga RK, van den Broek I. Paracheck-Pf accuracy and recently treated 
Plasmodium falciparum infections: is there a risk of over-diagnosis? Malar J 2007;6:58.

(35) 	 Funk M, Schlagenhauf P, Tschopp A, Steffen R. MalaQuick versus ParaSight F as a diagnostic aid in 
travellers’ malaria. Trans R Soc Trop Med Hyg 1999 May;93(3):268–72.



56 	CANADIAN RECOMMENDATIONS FOR THE PREVENTION AND TREATMENT OF MALARIA

Chapter 7: TREATMENT OF MALARIA
Uncomplicated malaria refers to symptomatic malaria without evidence of severe disease or 
evidence of vital organ dysfunction. The objective of treating uncomplicated malaria is to cure 
the infection. This is important: treatment will, in cases of Plasmodium falciparum, help prevent 
progression to severe disease. When choosing treatment regimens, it is important to consider 
drug tolerability, adverse effects of drugs and the speed of the therapeutic response. 

Severe or complicated malaria refers to symptomatic malaria with hyperparasitemia (≥ 2%) or 
evidence of end organ damage or complications, as listed in Table 7.1; as well as those without 
severe falciparum malaria who cannot tolerate oral medication, since they are at risk of progressing 
to severe disease. The primary objective of treatment is to prevent death. For cerebral malaria, 
prevention of neurological deficits is also an important objective. When treating severe malaria in 
pregnancy, saving the life of the mother is the primary objective. Preventing recrudescence and 
avoiding minor adverse effects are secondary objectives. 

In a case of P. falciparum asexual parasitemia and no other obvious cause of symptoms, the 
presence of one or more of the clinical or laboratory features in Table 7.1 classifies the person 
as having severe malaria.

TABLE 7.1: Criteria for severe falciparum malaria 

CLINICAL MANIFESTATION LABORATORY TEST

Prostration / impaired consciousness Severe anemia (hematocrit < 15%; Hb ≤ 50 g/L)

Respiratory distress Hypoglycemia (blood glucose < 2.2 mmol/L) 

Multiple convulsions Acidosis (arterial pH < 7.25 or bicarbonate < 15 mmol/L)

Circulatory collapse Renal impairment (creatinine > 265 umol/L) (1)

Pulmonary edema (radiological) Hyperlactatemia

Abnormal bleeding Hyperparasitemia (≥ 2%)

Jaundice —

Hemoglobinuria —

Adapted from: Guidelines for the Treatment of Malaria, World Health Organization, 2010 (2).

In Canada, everyone (and especially children) with P. falciparum malaria should be considered for 
admission to hospital or should receive initial treatment in an observation unit. This is to ensure 
that treatment can be tolerated and to confirm decreasing parasitemia with treatment. Severe or 
complicated disease (Table 7.1) or the inability to tolerate oral therapy requires parenteral therapy 
and close clinical monitoring, preferably in an intensive care unit (ICU). 

The Canadian Malaria Network (CMN) can assist in the management of malaria cases in the 
appropriate area (see Appendix V).
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GENERAL PRINCIPLES OF MANAGEMENT 
The initial management of the patient depends on many factors, including the species and the 
severity of infection, the age of the patient, the pattern of drug resistance in the area of acquisition, 
as well as the safety, availability and cost of antimalarial drugs. At times, management decisions 
may be necessary before parasitology laboratory results become available. When managing 
malaria, three questions need to be answered: 

1)	 Is this infection caused by P. falciparum?  
Treatment varies according to the species of malaria (see below). P. falciparum can cause  
life-threatening disease in a nonimmune host. Falciparum malaria is a medical emergency.

2)	 Is this a severe or complicated infection? (See Table 7.1) 
Severe or complicated malaria, regardless of causative species, requires parenteral therapy 
and sometimes an exchange transfusion. Parenteral artesunate and/or quinine are available 
through the CMN (see Appendix V).

3)	 Was the infection acquired in an area of known drug-resistant malaria? (See Appendix I) 
Adjust treatment accordingly. Malarial parasites in most of the world are drug resistant.  
When in doubt, treat all P. falciparum malaria as drug resistant.

MANAGEMENT OF FALCIPARUM MALARIA 
The following guidelines were derived, in part, from the World Health Organization (WHO) 
Guidelines for the Treatment of Malaria (1;2) and Management of Severe Malaria (3). Please refer 
to these documents for a more detailed discussion. 

Consider admitting nonimmune patients and all children with P. falciparum malaria, severe or 
uncomplicated, to hospital to ensure that antimalarial drugs are tolerated and to detect complications 
or early treatment failure. If hospital admission is decided against, all patients must be observed in 
the emergency department during their first dose of therapy to ensure that the drug is tolerated. To 
prevent adverse outcomes, provide further doses of treatment before discharge or direct the person 
to a pharmacy that can fill the prescription appropriately. 

An algorithm for the management of malaria (see Figure 1) is based on two essential requirements: 
a parasitology laboratory result within two hours, and the availability of an appropriate antimalarial 
drug within one to two hours. (See below for malaria management when these prerequisites are 
not available.) Treatment of malaria does not stop with the selection of appropriate antimalarial 
medications. Clinically assess all patients daily until fever ends and at any time that symptoms 
recur; for P. falciparum cases, repeat malaria smears daily until these are negative. 

SEVERE MALARIA 
Severe malaria is usually due to P. falciparum infection. However, P. vivax can very occasionally 
lead to severe disease, including severe anemia, severe thrombocytopenia, pancytopenia, 
jaundice, splenic rupture, acute renal failure and acute respiratory distress syndrome (3–7). In 
addition, P. knowlesi, a simian malaria parasite, has emerged in southeast Asian countries including 
Brunei, Burma (Myanmar), Indonesia, Malaysia, the Philippines, Singapore, Thailand and Vietnam. 
P. knowlesi can also cause a severe and fatal infection (8;9). Prompt and effective treatment and 
case management of knowlesi malaria should be the same as for severe falciparum malaria.
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Severe P. falciparum infections may have a mortality rate of 20% or higher. Immediately hospitalize 
cases of P. falciparum infection and provide urgent, intensive medical management, ideally in an 
ICU (10). Conduct clinical observations as frequently as possible; include vital sign monitoring, with 
accurate assessment of respiratory rate and pattern, coma score and urine output. Monitor blood 
glucose using rapid stick tests every four hours or more frequently, especially in unconscious patients. 
Treat seizures promptly with benzodiazepines; however, there is no role for prophylactic antiseizure 
medication (2). Individuals with severe falciparum malaria are at risk of all the adverse outcomes listed 
in Table 7.1, as well as permanent neurologic deficits, chronic renal insufficiency and death.

Two classes of drugs are effective for the parenteral treatment of severe malaria: Cinchona alkaloids 
(quinine) and the artemisinin derivatives (artesunate, artemether and artemotil). A 2005 report of an 
open-labeled, randomized controlled trial in 1,461 patients with severe falciparum malaria in Asia 
demonstrated a 35% reduction in mortality in patients receiving artesunate (15%) versus 22% in 
those receiving quinine (11). The authors of the report, along with WHO, advocate that artesunate 
become the treatment of choice for severe falciparum malaria in adults (2;11). 

All patients with severe P. falciparum infections and all those who are unable to tolerate drugs orally 
should receive parenteral therapy. For patients meeting criteria for severe malaria, artesunate is the 
treatment of choice. 

If the only indication for parenteral therapy is vomiting or inability to tolerate oral therapy, without 
any criteria for severe malaria, request parenteral quinine, since supplies of artesunate are limited. 
However, parenteral artesunate can also be used for those without severe malaria who cannot 
tolerate intravenous quinine.

Intravenous artesunate and/or quinine are available 24 hours per day through the CMN (see 
Appendix V). 

Many ancillary treatments have been suggested for the management of severe malaria, but few 
have been shown to improve outcome (2). Individualize fluid resuscitation based on estimated 
deficit. The optimal rate of resuscitation, the role of colloids versus crystalloids, and the optimal 
electrolyte composition of the resuscitation solution have not been established. Check for 
hypoglycemia (potentially exacerbated by quinine therapy, which stimulates insulin release) in 
any patient who deteriorates suddenly, and treat this immediately. Avoid using steroids to treat 
severe or cerebral malaria since these have been associated with worse outcomes (2;12). Correct 
bleeding and coagulopathy in severe malaria using blood products and injection of vitamin K (2). 
Evidence of shock should prompt exclusion of bacteremia through blood cultures and empiric use 
of broad-spectrum antibiotics (2).

In cases of severe or complicated P. falciparum infection with high parasitemia (> 10%), consider 
exchange transfusion as a potentially life-saving procedure. The rationale for exchange blood 
transfusion includes: the removal of infected red blood cells (RBCs) from the circulation, thereby 
reducing the parasite load; the rapid reduction of the antigen load and burden of parasite-derived 
toxins and metabolites; the removal of host-derived toxic mediators; and the replacement of rigid 
unparasitized RBCs with normal-functioning cells, thereby reduces microcirculatory obstruction. 

Exchange blood transfusion requires a safe blood supply, intensive nursing and multiple units of 
packed red blood cells (PRBC). There is no consensus on either the indications or the volume of 
blood that needs to be exchanged; however, anticipate 5 to 10 PRBC units (13;14).

Committee to Advise on Tropical Medicine and Travel (CATMAT) strongly recommends consulting 
with an infectious or tropical disease expert when managing a patient with severe falciparum 
malaria. See Appendix V for CMN contact information. 
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BOX 7.1: Chemotherapy of severe or complicated P falciparum malaria

Parenteral artesunate therapy and/or quinine are available 24 hours per day through the CMN. For contact 
information, see Appendix V. 

NOTE: If the only indication for parenteral therapy is vomiting or the inability to tolerate oral therapy, without 
any criteria for severe malaria, request parenteral quinine. For patients meeting criteria for severe malaria, 
artesunate is preferred.

NOTE: All patients on parenteral therapy should switch to oral therapy as soon as possible. Patients who 
meet criteria for severe malaria should have at least 24 hours of parenteral therapy before switching to  
oral therapy. 

PARENTERAL ARTESUNATE

Give artesunate over 1–2 minutes as a 2.4 mg/kg intravenous bolus at 0, 12, 24 and 48 hours. Continue 
therapy with oral medications (e.g. doxycycline, atovaquone-proguanil or clindamycin). If oral medications 
are not possible, daily artesunate doses can continue for a total of 7 days 

PLUS (start 4 hours after final dose of artesunate) 

Atovaquone-proguanil (do not use as follow-on oral therapy if used as malaria chemoprophylaxis): 

Adults: 4 tablets (1000 mg atovaquone and 400 mg proguanil) daily for 3 days; 

Pediatric: 20 mg/kg atovaquone and 8 mg/kg proguanil once daily for 3 days 

OR

Doxycycline (do not use as follow-on oral therapy if used as malaria chemoprophylaxis; contraindications: 
pregnancy, breastfeeding, age < 8 years): 

Adults: 100 mg orally twice daily for 7 days; 

Pediatric: 2 mg/kg (to a maximum of 100 mg) twice daily

OR 

Clindamycin (only if the patient is unable to take doxycycline or atovaquone-proguanil): 10 mg/kg  
(loading dose) intravenously followed by 5 mg/kg every 8 hours for a total of 7 days.

PARENTERAL QUININE

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 minutes, followed immediately by 8.3 mg base/kg  
(quinine dihydrochloride [salt] 10 mg/kg) diluted in 10 mL/kg isotonic fluid by intravenous infusion over  
4 hours (maintenance dose). Repeat once every 8 hours until the patient can swallow, and then administer 
quinine tablets to complete 7 days of treatment or change to full dose of oral atovaquone proguanil  
(see below). 

NOTE: Do not use loading dose if the patient received quinine or quinidine within preceding 24 hours or 
mefloquine within the preceding 2 weeks. Switch to oral therapy as soon as possible. If the patient requires  
> 48 hours of parenteral therapy, reduce the quinine maintenance dose by one-third to one-half.

Without an infusion pump: quinine (base) 16.7 mg/kg loading dose (quinine dihydrochloride [salt] 20 mg/kg) 
by intravenous infusion over 4 hours, then 8.3 mg base/kg (quinine dihydrochloride [salt] 10 mg/kg) diluted  
in 10 mL/kg isotonic fluid by intravenous infusion over 4 hours (maintenance dose). Repeat once every  
8 hours until the patient can swallow, and then administer quinine tablets to complete 7 days of treatment  
or change to full dose of oral atovaquone proguanil (see below). 

NOTE: Do not use loading dose if the patient received quinine or quinidine within preceding 24 hours or 
mefloquine within the preceding 2 weeks. Switch to oral therapy as soon as possible. If the patient requires > 
48 hours of parenteral therapy, reduce the quinine maintenance dose by one-third to one-half.

PLUS (either concurrently or immediately after quinine)

Atovaquone-proguanil (do not use as follow-on oral therapy if used as malaria chemoprophylaxis): 

Adults: 4 tablets once daily for three days;

Pediatric: see, Table 8.11 

OR 
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Doxycycline (do not use as follow-on oral therapy if used as malaria chemoprophylaxis; contraindications: 
pregnancy, breastfeeding, age < 8 years): 

Adults: 100 mg orally twice daily for 7 days; 

Pediatric: 2 mg/kg (to a maximum of 100 mg) twice daily

OR 

Clindamycin (only if the patient is unable to take doxycycline or atovaquone-proguanil): 10 mg/kg  
(loading dose) intravenously, followed by 5 mg/kg every 8 hours for 7 days.

FIGURE 7.1: Algorithm for the management of malaria

MALARIA SUSPECTED

Malaria smear NEGATIVE

STAT blood smear (thick and thin), RDT, complete blood count, blood culture ×2, 
liver enzymes, glucose, serum creatinine, blood urea nitrogen

Malaria smear POSITIVE

If symptoms 
(fever, flu-like illness)         

persist repeat malaria smears
Q12–24 H ×2

Determine species 
and percent parasitemia

Non-falciparum malaria   

Falciparum malaria 
or species not known

Treat as per text

No indication 
for parenteral therapy

Treat with oral therapy but 
admit or observe for a 

minimum of 8 hrs. Before 
discharge, ensure no increase 

in parasitemia.

Indication for parenteral therapy
Severe/complicated malaria or 

unable to tolerate oral medication

Consider admission to ICU.
Treat with parenteral artesunate or 
quinine followed by oral therapy.

 

ABBREVIATIONS: ICU—intensive care unit; RDT—rapid diagnostic test; STAT—with no delay.
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UNCOMPLICATED P. FALCIPARUM 
Uncomplicated cases of P. falciparum can progress to severe malaria if not properly treated and 
monitored. Treat infections acquired in a chloroquine-sensitive zone with chloroquine alone (see 
Table 8.11). WHO advocates oral combination therapy containing artemisinin derivatives as the 
first choice for oral therapy (2). Until these agents are available in Canada, treat infections possibly 
or definitely acquired in drug-resistant regions (most of the cases of P. falciparum malaria seen in 
Canada) with atovaquone-proguanil or quinine and a second drug (preferably doxycycline). If 
the person can tolerate quinine orally as well as doxycycline, administer quinine and doxycycline 
simultaneously or sequentially, starting with quinine; if doxycycline is contraindicated, administer 
oral quinine and clindamycin simultaneously or sequentially. If oral medication is not tolerated, 
administer parenteral artesunate or quinine as per Table 8.11. 

MANAGEMENT OF NON-FALCIPARUM MALARIA 
Chloroquine remains the treatment of choice for non-falciparum malaria (caused by P. vivax, 
P. ovale, P. malariae or P. knowlesi) outside of New Guinea (Papua New Guinea and Papua  
[Irian Jaya]) as per Table 8.11. In the case of non-falciparum malaria, conduct a clinical assessment 
daily until fever ends and whenever symptoms recur. Recurrence of asexual parasitemia less than 
30 days after treatment suggests chloroquine-resistant P. vivax; recurrence after 30 days suggests 
primaquine-resistant P. vivax. 

Recent reports have confirmed the presence and high prevalence (80%) of chloroquine-resistant 
P. vivax in Irian Jaya. Sporadic cases of chloroquine-resistant P. vivax malaria have been reported 
elsewhere (e.g. in Indonesia, Papua New Guinea, the Solomon Islands, Burma [Myanmar] and 
Guyana) (15). At present, chloroquine can no longer be relied upon either for chemoprophylaxis 
or treatment of P. vivax acquired in New Guinea, and the optimal treatment is unknown, though 
a seven-day course of quinine is often required to cure this P. vivax infection (16). Mefloquine and 
halofantrine have been shown to be efficacious in small clinical trials, but each is limited by safety 
issues associated with therapeutic doses (2). 

Standard chloroquine doses (25 mg base/kg over 72 hours) combined with high-dose primaquine 
(0.5 mg base/kg daily for 14 days) have been suggested as treatment for chloroquine-resistant 
P. vivax acquired in Irian Jaya; however, these doses have failed in cases from Guyana. Limited data 
also suggest that a combination of standard dose atovaquone-proguanil (4 tablets daily x 3 days) 
with primaquine (0.5 mg base/kg daily x 14 days) may be effective (17). Get expert advice on the 
management of these cases from an infectious or tropical disease specialist (see Appendix V for 
CMN contact information). 

MANAGEMENT OF MALARIA WHEN LABORATORY 
RESULTS OR TREATMENT DRUGS ARE DELAYED
If fever, travel history and initial laboratory findings (low white blood count and/or platelets) 
suggest a diagnosis of malaria but the malaria smear is delayed for more than 2 hours, start 
a therapeutic antimalarial. 

When a severe or complicated P. falciparum infection is diagnosed and parenteral quinine or 
artesunate is indicated but not available for more than an hour, start quinine orally (after a dose 
of gravol or by nasogastric tube if necessary) until the parenteral drug is available. 
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PRIMAQUINE TREATMENT 
Primaquine is generally indicated for people with prolonged exposure in malaria-endemic areas 
where vivax or ovale malaria occurs (e.g. long-term travellers or expatriates, see Chapter 5), though 
it is not routinely recommended to prevent relapsing malaria in asymptomatic returning travellers 
(terminal prophylaxis; primaquine antirelapse therapy). For terminal prophylaxis, primaquine is 
administered after the traveller has left the malaria-endemic area, usually during or after the last 
two weeks of chemoprophylaxis (see Chapter 4 and Table 8.11 for dosage recommendations). 

P. vivax and P. ovale have a persistent liver phase (hypnozoites) that is responsible for relapses 
and susceptible only to treatment with primaquine. Relapses caused by the persistent liver forms 
may appear months after exposure (occasionally, up to five years), even in the absence of primary 
symptomatic malaria infection. None of the currently recommended chemoprophylaxis regimens 
will prevent relapses due to these two species of Plasmodium. To reduce the risk of relapse 
following the treatment of symptomatic P. vivax or P. ovale infection, primaquine is indicated 
to provide “radical cure” (as per Table 8.11). 

Exclude glucose-6-phosphate dehydrogenase (G6PD) deficiency before giving antirelapse therapy 
with primaquine. G6PD deficiency is classified based on the level of residual enzyme activity in the 
red blood cells (RBC): Class I is the most severe form, and Classes II to IV having diminishing 
degrees of deficiency. A recent retrospective study of 63,302 US army personnel found G6PD 
deficiency in 2.5% of males and 1.6% females. The highest rates were among African American 
males (12.2%), followed by Asian males (4.3%), African American females (4.1%), Hispanics males 
(2%), Hispanic females (1.2%) and Asian females (0.9%). The rates among Caucasians were low 
(0.3% of males and 0% females). None had Class I deficiency; however, 46 males and one female 
had Class II deficiency, which can be associated with severe, life-threatening hemolysis (18).

In cases with known or suspected G6PD deficiency, seek expert medical advice because 
primaquine may cause hemolysis in G6PD deficiency. Because the G6PD status of the fetus 
is unknown, primaquine is contraindicated in pregnancy. P. vivax or P. ovale infections during 
pregnancy should be treated with standard treatment doses of chloroquine (see Table 8.11). 
Relapses can also be prevented by weekly chemoprophylaxis with chloroquine until after delivery, 
when primaquine can be safely used by mothers with normal G6PD levels. 

P. vivax isolates with a decreased responsiveness to primaquine are well documented in southeast 
Asia, in particular Papua New Guinea and Papua. Failure of primaquine radical treatment has been 
recently reported from Thailand, Somalia and elsewhere (19). As a result, the recommended dosage 
of primaquine to prevent relapse has increased to 30 mg (0.5 mg/kg) base daily for 14 days. 

Blood infection with P. malariae may persist for many years, but it is not life-threatening and is 
easily cured by a standard treatment course of chloroquine (see Table 8.11). 

Plasmodium knowlesi has emerged as a threat in southeast Asia. It can be confused by microscopists 
as P. malariae but has a higher (> 1%) parasitemia than is seen in P. malariae infections. Systemic 
symptoms and complications can mimic P. falciparum malaria. Thus, people who have recently been 
in southeast Asia and have parasite levels over 1% and a parasite morphology resembling that of 
P. malariae can be diagnosed as having P. knowlesi. Treatment with chloroquine is reportedly 
effective, but systemic symptoms and complications similar to hyperparasitemic P. falciparum 
infections require very close monitoring and careful management, (20;21) and potentially, 
parenteral therapy with artesunate.
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TABLE 7.2: Evidence-based recommendations

RECOMMENDATION EBM RATING

The treatments of choice for uncomplicated P. falciparum malaria include:

Oral atovaquone-proguanil (2)

Oral quinine combined with oral doxycycline or clindamycin 

Combination therapy with an artemisinin derivative (not yet available in Canada) (2) 

BIII

To prevent P. vivax and P. ovale malaria relapses, primaquine phosphate (30 mg base daily  
for 2 weeks) should follow a chloroquine treatment of (22).

B I

Parenteral artesunate is recommended as first-line treatment for severe P. falciparum malaria, 
with parenteral quinine as an alternative (23). 

A I

Exchange transfusion may have benefits for treating hyperparasitemic cases of  
P. falciparum (14).

C III

The use of steroids to treat severe or cerebral malaria has been associated with  
worse outcomes and should be avoided (12). 

E I

NOTE: For a description of the categories and quality of evidence of the recommendations, see Appendix IV.

SELF-TREATMENT OF PRESUMPTIVE MALARIA 
Self-treatment of malaria has received little study, yet it is a frequent topic of discussion with 
travellers. It is particularly important to know about self-treatment if going to sub-Saharan Africa 
where 90% of global morbidity and mortality from malaria occurs. 

Reasons for self-treatment include travel to remote regions where health care is a problem and 
travel to regions where malaria risk is small and the traveller would like to use self-treatment rather 
than long-term prophylaxis (24–27). If presumptive self-therapy is prescribed, the traveller should 
be told the following:

•	 Travellers to high-risk regions should never rely exclusively on a self-treatment regimen (25;28–30).

•	 Individuals at risk of malaria and unable to seek medical care within 24 hours or adequate 
malaria treatment drugs should carry effective medication for self-treatment of presumptive 
malaria (25;30).

•	 The signs and symptoms of malaria are nonspecific; many other diseases, including influenza, 
dengue, typhoid, meningitis and febrile gastroenteritis, mimic malaria.

•	 Neither expatriates nor physicians can definitively diagnose malaria without a laboratory test 
for malaria (31–33).

•	 Both false-negative and false-positive malaria smears are reported to varying degree by all 
malaria diagnostic laboratories. 

•	 Self-treatment is not definitive; it is a temporary, life-saving measure for 24 hours while seeking 
medical attention.

•	 Presumptive treatment requires a different drug if the traveller is taking something for 
chemoprophylaxis, except in chloroquine-sensitive regions (see Appendix 1) (25;27;34).
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TABLE 7.3: Evidence-based recommendations

RECOMMENDATION EBM RATING

Individuals in chloroquine-sensitive regions should self-treat with chloroquine and then 
resume or start chloroquine prophylaxis (25;31;35). 

C III

In chloroquine- and/or chloroquine and mefloquine-resistant P. falciparum regions, 
self-treatment should consist of a drug different to that used for prophylaxis, choosing 
from one of the following: 

a.	 atovaquone-proguanil (Malarone®) or

b.	 oral quinine and doxycycline or

c.	 artemether-lumefantrine (Coartem®), ideally purchased from a country with high 
standards of quality control (e.g. in Europe or the United States) so as to minimize  
the likelihood of using counterfeit products (31;35–37).

C III

A number of antimalarials are contraindicated for treatment of malaria  
(self-treatment or otherwise):

a.	 mefloquine (38;39)

b.	 pyrimethamine-sulfadoxine (Fansidar) (40)

c.	 mefloquine-Fansidar (39)

d.	 halofantrine (2)

e.	 chloroquine-Fansidar (26)

E II
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Chapter 8: DRUGS FOR THE 
PREVENTION AND TREATMENT  
OF MALARIA
A health care provider should prescribe drugs for the prevention of malaria after an individual 
risk assessment (see Chapter 2) to ensure that only those travellers truly at risk of malaria infection 
receive chemoprophylaxis. Any drugs taken for malaria chemoprophylaxis should be used in 
conjunction with personal protective measures to prevent mosquito bites (see Chapter 3). 

Like all drugs, antimalarials have the potential to cause adverse effects, though most people 
using chemoprophylaxis will have no or only minor adverse effects. Careful adherence to dosing 
guidelines, precautions and contraindications can minimize any adverse effects. To assess drug 
tolerance and if time permits, start the antimalarial regiment several days or weeks (depending 
on the antimalarial prescribed) before travel (see Chapter 4).

In light of the increasing prevalence of counterfeit medications in some countries and the potentially 
serious consequences of inadequate antimalarial prophylaxis or treatment, travellers should buy their 
antimalarials before leaving Canada (see Chapter 5, section on counterfeit drugs in “Preventing 
Malaria in the Long-Term Traveller or Expatriate”).

This chapter reviews the drugs (in alphabetical order) used for the prevention and treatment of 
malaria. This information is not comprehensive. Note that product recommendations are subject 
to change, and health care providers should consult up-to-date information, including recent drug 
monographs, for any updates, particularly with respect to compatibility, adverse reactions, 
contraindications and precautions. (See also Chapters 3, 4, 5 and 7.) 

Table 8.10 provides information on the base/salt equivalents of selected antimalarial drugs, and  
Table 8.11 summarizes information, including doses, for the antimalarial drugs routinely used  
in Canada.

Figure 8.1 depicts the malaria lifecycle and the sites of action of chemoprophylactic agents. 
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FIGURE 8.1: Malaria life cycle and primary areas of drug activity*

*	 Adapted from the Centers for Disease Control and Prevention DPDx website 

The malaria parasite life cycle involves two hosts. During a blood meal, a malaria-infected female 
anopheline mosquito inoculates sporozoites into the human host (1). Sporozoites infect liver cells 
(2) and mature into schizonts (3), which rupture and release merozoites (4).

In Plasmodium vivax and Plasmodium ovale, a dormant stage (hypnozoites) can persist in the 
liver and cause relapses by invading the bloodstream weeks or even years later. After this initial 
replication in the liver (exo-erythrocytic schizogony, A), the parasites undergo asexual multiplication 
in the erythrocytes (erythrocytic schizogony, B). Merozoites infect red blood cells (5). The ring 
stage trophozoites mature into schizonts, which rupture releasing merozoites (6). Some parasites 
differentiate into sexual erythrocytic stages (gametocytes) (7). Blood stage parasites are 
responsible for the clinical manifestations of the disease. 

Agents used for causal chemoprophylaxis include atovaquone-proguanil and primaquine. 
These drugs act at the liver stage of the malaria life cycle, prevent blood-stage infection, and 
need only be taken for one week after leaving a malaria-endemic area. Agents used for suppressive 
chemoprophylaxis (including mefloquine, chloroquine, doxycycline) act at the erythrocytic (asexual) 
stage of the malaria life cycle, and hence need to be taken for four weeks after departure from a 
malaria-endemic area.
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ARTEMISININ AND DERIVATIVES
Artemisinin (quinghaosu) is an endoperoxide-containing natural antimalarial from sweet wormwood 
(Artemisia annua). The semi-synthetic analogues of artemisinin, including artesunate, artemether, 
arteether and dihydroartesinin, are available in oral, parenteral and suppository formulations. They 
are all metabolized to a biologically active metabolite, dihydroartemisinin (DHA), and exert their 
antiparasitic effects on the younger, ring-forming parasites (erythrocytic phase), thus decreasing the 
numbers of late parasite forms that can obstruct the microvasculature of the host. All artemisinin 
preparations have been studied and used for treatment only. They are not recommended for 
prophylaxis because of their short half-life. 

Artemisinin and its derivatives generally produce rapid clearance of parasitemia and rapid resolution 
of symptoms. The artemisinin derivatives are effective against drug-resistant P. falciparum strains 
but have high recrudescence rates (about 10% to 50%) when used as monotherapy for fewer than 
five days. Studies have examined longer durations of therapy (seven days), and artemisinin-based 
combination therapy of artemisinin derivatives with mefloquine, lumefantrine, amodiaquine or 
tetracycline–doxycycline to prevent recrudescence. Combination therapy results in higher than 90% 
cure rates of primary and recrudescent P. falciparum infections. While efficacy remains high in many 
areas of the world, prolonged parasite clearance times following treatment with some artemisinin-
based combination therapy , and also with seven-day artemisinin therapy, have been observed on 
the Thai/Cambodian border (1).

Coartemether (Riamet® in Europe, Coartem® in Africa and the United States) is a combination 
of artemether and lumefantrine. Coartemether is licensed in some European countries and in 
the United States and is becoming widely distributed in Africa for the treatment of malaria. A 
six-dose regimen of artemether-lumefantrine appears more effective than antimalarial regimens 
not containing artemisinin derivatives (2). Available data suggest that mefloquine plus artesunate 
is as effective and possibly superior to artemether-lumefantrine (3).

Randomized controlled trials comparing parenteral artesunate and quinine for the treatment of 
severe malaria in both adults and children and in different regions of the world clearly show the 
benefits of artesunate (4;5).

Artemisinin and its derivatives are generally well tolerated (Table 6) Neurologic lesions involving 
the brainstem have been seen in rats, dogs and primates given repeated doses of artemisinin 
derivatives, in particular the lipid-soluble derivatives (8). Such effects have not been observed 
with oral administration of any artemisinin derivative or with intravenous (IV) artesunate. However, 
neurotoxicity may be caused in humans with inappropriate dose regimens (9). Cases of delayed 
hemolytic anemia (either recurrent or persistent) following use of  parenteral artesunate (8 to 32 days 
after therapy) for severe malaria have been reported worldwide. Patients with high pre-treatment 
parasitaemia may be at a higher risk. Although possibly attributable to the disease itself, there have 
been cases reported with the drug distributed through the CMN. Due to this risk, Health Canada 
and the CMN recommend a CBC be performed weekly for 4 weeks following treatment with 
parenteral artesunate to monitor patients for anemia. In addition, patients treated with IV artesunate 
should be counselled to report signs of hemolysis, such as dark urine, yellowing of skin or whites 
of eyes, fever, abdominal pain, pallor, fatigue, shortness of breath and/or chest pain. Treatment of 
uncomplicated malaria with coartemether may be associated with hearing loss in some people, 
possibly from synergy between potentially ototoxic agents in combination (10). To date, there have 
been two human cases of complete heart block associated with the use of artemisinins, but most 
volunteer and clinical studies have found no evidence of cardiac adverse effects. The safety of 
artemisinin derivatives in pregnancy has not been established. 
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Based on a recent review, the limited data available suggest that artemisinins are effective and 
unlikely to cause fetal loss or abnormalities when used in late pregnancy (8;11). Note that none 
of these studies had adequate power to rule out rare serious adverse events, even in the second 
and third trimesters. There is currently not enough evidence to effectively assess the risk-benefit 
profile of artemisinin compounds for pregnant women, particularly for first trimester exposure (11). 
Although there is good evidence that therapy with artemisinin compounds is generally safe, 
questions about cumulative neurologic toxicity of intramuscular preparations still require resolution. 
Additional studies to monitor subtle neurologic changes and hearing loss are required, especially 
in people undergoing repetitive treatment. 

Artemisinin-based combination therapy (ART) is the recommended first-line treatment for 
uncomplicated falciparum malaria and for the treatment of malaria when the causative species has 
not been identified (8). Parenteral artesunate is recommended by the World Health Organization 
(WHO) as the treatment of first choice for severe or complicated malaria (8). Artemisinin and its 
derivatives are available and increasingly used in southeast Asia and Africa, and parenteral 
artesunate is now available in Canada and can be obtained from the Canadian Malaria Network 
(CMN) (see Appendix V). Note that IV artesunate should be reserved for those who have severe 
malaria, where it has been proven superior to quinine. Parenteral quinine is the preferred agent 
ONLY for those who do not meet WHO criteria for severe malaria and who are unable to tolerate 
oral therapy. Both IV artesunate and IV quinine are available through the CMN.

Orally administered artemisinin drug combinations, such as the combination artemisinin-lumefantrine 
(Coartem®), are recommended by WHO as the treatment of choice for uncomplicated falciparum 
malaria. Oral artemisinin derivatives are not yet licensed or available in Canada but have been 
approved in the United States by the Food and Drug Administration. 

The quality of artemisinin derivatives available in developing countries may be questionable, 
as they may not be produced in accordance with the good manufacturing production standards 
required in North America, or they may be counterfeit (12) (see Chapter 5, section on counterfeit 
drugs in “Preventing Malaria in the Long-Term Traveller or Expatriate”). 

TABLE 8.1: Artemisinin and derivatives: evidence-based medicine recommendations

RECOMMENDATION EBM RATING

Artemether in combination with lumefantrine (Riamet® in Europe, Coartem® in Africa  
and the U.S.) is widely distributed in Africa for the treatment of P. falciparum malaria.  
A 6-dose regimen of artemether-lumefantrine appears more effective than antimalarial 
regimens not containing artemisinin derivatives (2;3)

A I

Parenteral artesunate is recommended as the first-line treatment of severe P. falciparum 
malaria (4). Parenteral administration of artesunate should be followed by a full course  
of one of the following: atovaquone-proguanil (Malarone®), doxycycline (clindamycin in 
pregnant women or children < 8 years), or ART (8).

A I

On the basis of their short half-life, artemisinin compounds should not be used for 
chemoprophylaxis 

D III

ABBREVIATIONS: ART, artemisinin-based combination therapy; EBM, evidence-based medicine; P, Plasmodium. 

NOTE: For a description of the categories and quality of evidence of the recommendations, see Appendix IV.
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ATOVAQUONE-PROGUANIL
Trade Name: Malarone®, Malarone Pediatric® 

Pediatric: licensed in Canada for malaria chemoprophylaxis in adults and in children weighing 11 kg 
and above, and for treatment of uncomplicated malaria in adults and in children weighing 11 kg and 
above (13) (see Chapter 5 for dosage in children weighing between 5 and 11 kg). Two formulations 
of Malarone® are available: Malarone® tablets containing 250 mg of atovaquone and 100 mg 
proguanil hydrochloride, and Malarone® pediatric tablets, containing 62.5 mg atovaquone and 
25 mg proguanil hydrochloride.

MECHANISM OF ACTION
Atovaquone-proguanil is a fixed drug combination of atovaquone and proguanil in a single tablet. 
The two components are synergistic, inhibiting electron transport and collapsing mitochondrial 
membrane potential. Atovaquone-proguanil is effective as a causal (acting at the liver stage) as 
well as a suppressive (acting at the blood stage) prophylactic agent. Atovaquone-proguanil must 
be taken daily. Because of its causal effects, atovaquone-proguanil can be discontinued one week 
after departure from a malaria-endemic area. 

INDICATIONS AND EFFICACY
For malaria chemoprophylaxis, atovaquone-proguanil is equally effective (96%–100%) as 
doxycycline and mefloquine against chloroquine-resistant falciparum malaria (14). It is also effective 
along the borders of Thailand, where chloroquine and mefloquine resistance is documented 
(15;16). Daily atovaquone-proguanil can now be considered as first-line chemoprophylaxis in areas 
with multidrug-resistant falciparum malaria (with attention to contraindications and precautions) 
(see Appendix I) (16;17).

In clinical trials of treatment of acute, uncomplicated P. falciparum malaria conducted in southeast 
Asia, South America and Africa, the efficacy of the combination of atovaquone-proguanil (dosed 
once daily for three days) exceeded 94% (18). In addition, published case reports have documented 
that it successfully treated multidrug-resistant malaria that failed to respond to other therapies (19). 
Being an effective and well-tolerated therapy, atovaquone-proguanil is considered first-line treatment 
of uncomplicated P. falciparum infection, including multidrug-resistant P. falciparum (20), provided 
that it was not used as chemoprophylaxis during travel. There have been sporadic documented 
cases of atovaquone-proguanil clinical failures (21), some of which have been related to atovaquone-
proguanil-resistant P. falciparum malaria acquired in sub-Saharan Africa (22–24). 

There is insufficient evidence at this time to recommend atovaquone-proguanil for the routine 
treatment of non-falciparum malaria, although limited trial data suggest efficacy for the treatment 
of P. vivax malaria when atovaquone-proguanil is combined with primaquine (beginning immediately 
after the three days of treatment with atovaquone-proguanil) (25–27). In clinical cases when there is 
a possibility of P. falciparum infection and P. vivax cannot be definitively confirmed, atovaquone-
proguanil can be used for initial treatment. There is more danger to incorrectly treating chloroquine-
resistant P. falciparum.

ADVERSE EFFECTS, CONTRAINDICATIONS AND PRECAUTIONS
Compared with other standard antimalarial regimens, the atovaquone-proguanil combination 
for chemoprophylaxis has demonstrated excellent safety and tolerability (6). 
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At prophylactic doses, the most frequently cited adverse drug reactions are gastrointestinal 
reactions (e.g. nausea, vomiting, diarrhea) and headache. In four of six placebo-controlled trials 
evaluating the safety and tolerability of atovaquone-proguanil prophylaxis, there was no difference 
between atovaquone-proguanil and placebo arms with respect to adverse drug reactions (21). 
Compared with mefloquine prophylaxis, atovaquone-proguanil has fewer associated adverse 
events, gastrointestinal adverse effects and neuropsychiatric adverse events (28).

During treatment, the most frequent adverse events are also those associated with the 
gastrointestinal tract: approximately 8% to 15% of adults and children experience nausea, 
vomiting, abdominal pain or diarrhea, and 5% to 10% develop transient, asymptomatic elevations 
in transaminase and amylase levels. Serious adverse events associated with atovaquone-proguanil, 
such as seizure, hepatitis and rash, are rare, as are adverse drug reactions that limit treatment. 
Atovaquone has been associated with fever and rash in HIV-infected people, requiring 
discontinuation of therapy, and has been shown to be teratogenic in rabbits but not in rat 
models (US Food and Drug Administration category C drug). Atovaquone increases the plasma 
concentration of zidovudine (AZT) and lowers serum levels of azithromycin. Proguanil is well 
tolerated; although oral aphthous ulcerations are not uncommon, they are rarely severe enough 
to warrant discontinuing this medication. Proguanil may potentiate the anticoagulant effect of 
warfarin and similar anticoagulants (those metabolized by CYP 2C9) through possible interference 
with metabolic pathways (29). 

Severe renal insufficiency (creatinine clearance < 30 mL/min) and hypersensitivity to either component 
is a contraindication to atovaquone-proguanil use. Atovaquone-proguanil is also contraindicated 
during pregnancy due to a lack of available safety data. A recent cohort study evaluated the risk of 
major birth defects among children born to pregnant travellers who were exposed to atovaquone-
proguanil during the first trimester (30). Atovaquone-proguanil exposure during any of the first 
12 weeks of pregnancy was not associated with increased risk of any major birth defect (30). Three 
small published trials have reported on the safety and efficacy of atovaquone-proguanil used in 
conjunction with artesunate for rescue therapy in cases of multidrug-resistant P. falciparum infection 
in pregnant women (31–33). There were no serious adverse drug events, and adverse drug reactions 
that were mild-to-moderate in nature were similar between comparator groups. There was no excess 
risk of prematurity, intrauterine growth retardation, low birth weight or congenital anomalies 
attributable to atovaquone-proguanil use (31–33). Thus, preliminary data suggest that atovaquone-
proguanil appears to be safe, well tolerated and of no increased toxicity to the fetus in pregnant 
women being prophylaxed or treated for malaria. Additional data will be required before 
atovaquone-proguanil use in pregnancy is no longer contraindicated.

It is unknown whether atovaquone is excreted in human breast milk (21). Proguanil is excreted 
in small quantities. Thus, the use of atovaquone-proguanil in nursing women is recommended 
only if the infant weighs more than 5 kg (21).

TABLE 8.2: Malarone®: evidence-based medicine recommendations

RECOMMENDATION EBM RATING

ATQ-PG prophylaxis has high-level efficacy (96%–100%) against chloroquine-resistant 
falciparum malaria (17;19). 

A I

Daily ATQ-PG can now be considered as first-line chemoprophylaxis in areas with  
multidrug-resistant falciparum malaria (16;17).

A I
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ATQ-PG is considered a first-line treatment for acute, uncomplicated P. falciparum malaria 
from southeast Asia, South America and Africa with an efficacy of ~ 94% (16;19). 

A I

There is insufficient evidence at this time to recommend ATQ-PG for the routine treatment  
of non-falciparum malaria (21;25–27). 

C I

ABBREVIATIONS: ATQ-PG, atovaquone-proguanil; EBM, evidence-based medicine; P, Plasmodium.

NOTE: For a description of the categories and quality of evidence of the recommendations, see Appendix IV.

CHLOROQUINE (OR HYDROXYCHLOROQUINE)
Trade Name: Novo-Chloroquine (or Plaquenil®, Apo-Hydroxyquine, Gen-Hydroxychloroquine)

MECHANISM OF ACTION
Chloroquine is a synthetic 4-aminoquinoline, which acts against the intra-erythrocytic stage of 
parasite development. Chloroquine accumulates in the digestive vacuole of the Plasmodium 
parasite, where it binds haematin, leading to toxic metabolite formation within the digestive 
vacuole and damage to the plasmodial membranes.

INDICATIONS AND EFFICACY
Chloroquine–hydroxychloroquine, taken once weekly, is effective for malaria prevention in areas with 
chloroquine-sensitive malaria (16) and it remains the drug of choice for malaria chemoprophylaxis 
in areas with chloroquine-sensitive malaria. Chloroquine is the drug of choice for the treatment of 
chloroquine-sensitive falciparum malaria, chloroquine-sensitive P. vivax, as well as P. ovale, 
P. malariae and P. knowlesi infections (34). 

Chloroquine is suitable for people of all ages and for pregnant women. There is insufficient drug 
excreted in breast milk to protect a breast-feeding infant, and therefore nursing infants should be 
given chloroquine (adjusted for changing weight, see Table 8.11). Since overdoses are frequently 
fatal, instructions for childhood doses should be carefully followed, and the medication should be 
kept out of the reach of children. 

Weekly chloroquine plus daily proguanil (Savarine®) is less efficacious than atovaquone-proguanil, 
doxycycline or mefloquine and is not routinely recommended for prevention of malaria for 
Canadian travellers going to sub-Saharan Africa because of the high risk of chloroquine-resistant 
P. falciparum malaria (17;35).

ADVERSE EFFECTS, CONTRAINDICATIONS AND PRECAUTIONS
Except for its bitter taste, chloroquine is usually well tolerated. Taking the drug with food may 
reduce other mild adverse effects, such as nausea and headache. Black-skinned people may 
experience generalized pruritus, which is not indicative of drug allergy. Lack of compliance due to 
pruritus may account for therapeutic failures associated with the use of chloroquine (36). Transient, 
minor visual blurring may occur initially but should not be a reason to discontinue chloroquine. 
Retinal toxicity is of concern when a cumulative dose of 100 g of chloroquine is reached. Anyone 
who has taken 300 mg of chloroquine weekly for more than five years and requires further 
prophylaxis should be screened twice-yearly for early retinal changes (16). Chloroquine may worsen 
psoriasis and, rarely, is associated with seizures and psychosis. It should not be used in individuals 
with a history of epilepsy or generalized psoriasis (6;16;37). Concurrent use of chloroquine 
interferes with antibody response to intradermal human diploid cell rabies vaccine.
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TABLE 8.3: Chloroquine: evidence-based medicine recommendations

RECOMMENDATION EBM RATING

Chloroquine–hydroxychloroquine, taken once weekly, is effective for malaria prevention  
in areas with chloroquine-sensitive malaria (16). 

A I

Chloroquine is the drug of choice for the treatment of malaria caused by  
chloroquine-sensitive P. falciparum and P. vivax, and all P. ovale, P. malariae and  
P. knowlesi infections (16;34). 

A I

Weekly prophylaxis with chloroquine plus daily proguanil (Savarine®) is less efficacious  
than ATQ-PG, doxycycline or mefloquine and is not recommended for travellers (17;35). 

E I

Chloroquine should not be used in individuals with a history of epilepsy or generalized 
psoriasis (6;37).

C III

ABBREVIATIONS: ATQ-PG, atovaquone-proguanil; EBM, evidence-based medicine; P, Plasmodium.

NOTE: For a description of the categories and quality of evidence of the recommendations, see Appendix IV.

CLINDAMYCIN
Trade Name: Dalacin C®, Apo-Clindamycin, Novo-Clindamycin

MECHANISM OF ACTION
Clindamycin is an antimicrobial that inhibits the parasite apicoplast.

INDICATIONS AND EFFICACY
Clindamycin is indicated only for the treatment of malaria and only in restricted circumstances. 
Clindamycin, although less effective than doxycycline or atovaquone-proguanil, is used in 
combination with quinine for those unable to tolerate, or who have contraindications to, the 
use of first-line agents (e.g. pregnant women and young children).

ADVERSE EFFECTS, CONTRAINDICATIONS AND PRECAUTIONS
The most frequent adverse events with clindamycin are diarrhea and rash. Clostridium  
difficile–associated disease, including pseudomembranous colitis, has been reported. 

TABLE 8.4: Clindamycin: evidence-based medicine recommendations

RECOMMENDATION EBM RATING

Clindamycin combined with quinine is recommended as treatment of chloroquine- or 
mefloquine-resistant P. falciparum malaria in pregnant women, children (< 8 years of age) 
and tetracycline-intolerant adults (25) when artemisinin-derivatives (e.g. artesunate)  
are unavailable. 

A I

ABBREVIATIONS: EBM, evidence-based medicine; P, Plasmodium.

NOTE: For a description of the categories and quality of evidence of the recommendations, see Appendix IV.

DOXYCYCLINE 
Trade Name: Vibra-Tabs®, Apo-Doxy, Doxycin, Novo-Doxylin, Nu-Doxycycline, ratio-Doxycycline

MECHANISM OF ACTION
Doxycycline is an antimicrobial that inhibits parasite protein synthesis. 
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INDICATIONS AND EFFICACY
Doxycycline is effective for the prevention and treatment of chloroquine-resistant P. falciparum. 
It has been shown to be as effective as atovaquone-proguanil and mefloquine for the prevention 
of chloroquine-resistant P. falciparum (16). Doxycycline is an efficacious chemoprophylactic agent 
against mefloquine-sensitive and mefloquine-resistant P. falciparum malaria (16) but must be taken 
daily for it to work, and for four weeks after leaving the malaria-endemic area. The major reason 
for doxycycline failures is noncompliance with this daily regimen. 

Travellers taking minocycline for the treatment of acne or rheumatoid arthritis and for whom 
doxycycline was recommended for malaria chemoprophylaxis should switch to doxycycline  
100 mg daily on arrival in the malaria-endemic area. Once they have completed their anti-malarial 
chemoprophylaxis (including the 4 weeks of doxycycline chemoprophylaxis after leaving the 
malaria-endemic area), they should resume their former dose of minocycline. Travellers should use 
an effective sunscreen, especially since the dose of doxycycline used for malaria chemoprophylaxis 
may be higher than the minocycline dose used in the treatment of acne. Note that the 
preponderance of literature on efficacy of tetracyclines as antimalarials has focused on doxycycline 
(38;39) and that insufficient data exist on the antimalarial prophylaxis efficacy of minocycline.

ADVERSE EFFECTS, CONTRAINDICATIONS AND PRECAUTIONS
Doxycycline can cause gastrointestinal upset and, rarely, esophageal ulceration or esophagitis 
(0.8%). These effects are less likely to occur if the drug is taken with food and large amounts of fluid. 
Absorption of doxycycline may be reduced if taken with dairy products. For this reason, pharmacies 
may advise taking doxycycline on an empty stomach. However, as noted above, this strategy is far 
more likely to cause gastrointestinal upset, which can be mitigated by ingesting the drug with fluids 
or small amounts of food. In randomized controlled trials of doxycycline at prophylactic doses, 
nausea and abdominal pain were the most commonly reported mild to moderate adverse events 
(38). Avoid taking doxycycline in the 30 minutes before lying down or with Pepto-Bismol® or 
antacids. Because doxycycline is photosensitizing, it may cause the skin to burn more easily; using 
a sunscreen that blocks ultraviolet A and B rays may reduce this problem (38). Doxycycline may also 
increase the risk of vaginal candidiasis, so women should carry antifungal therapy for self-treatment 
of vaginal candidiasis. Although tetracyclines and other antibiotics have been cited as a cause of 
oral contraceptive failure, recent evidence fails to demonstrate any significant association (38;40). 
Concurrent use of doxycycline with barbiturates, carbamazapine or phenytoin may result in a 50% 
decrease in doxycycline serum concentration because of induction of hepatic microsomal enzyme 
activity and resulting reduction of the half-life of doxycycline. There is a theoretical risk of reduced 
effectiveness of the oral typhoid vaccine (Ty21a) if given concurrently with doxycycline. Doxycycline 
should therefore not be used within 3 days of Ty21a vaccine administration (38).

Doxycycline is contraindicated during pregnancy, in breastfeeding women and in children aged 
less than 8 years. Doxycycline has been taken safely in prophylactic doses for at least 12 months, 
and tetracycline derivatives have been used at lower doses over many years for skin disorders such 
as acne. 
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TABLE 8.5: Doxycycline: evidence-based medicine recommendations

RECOMMENDATION EBM RATING

Doxycycline has high level efficacy (93%–100%) for the prevention of chloroquine-
resistant P. falciparum and for mefloquine-resistant P. falciparum (38). 

A I

Travellers should be informed about the small doxycycline-associated risks of  
esophageal ulceration, vaginal candidiasis and photosensitivity (8;38) .

A I

Doxycycline is contraindicated during pregnancy, while breastfeeding and in children  
< 8 years of age (8;38).

A I

Concurrent use of doxycycline with barbiturates, carbamazapine or phenytoin may  
result in a 50% decrease in doxycycline serum concentration (8;38).

A I

People taking minocycline for the treatment of acne or rheumatoid arthritis should switch 
to doxycycline 100 mg daily for the duration of their stay in the malaria-endemic area 
plus for four weeks after leaving the area, then switch back to usual dose of minocycline. 

C III

ABBREVIATIONS: EBM, evidence-based medicine; P, Plasmodium.

NOTE: For a description of the categories and quality of evidence of the recommendations, see Appendix IV.

MEFLOQUINE 
Trade Name: Lariam®, Apo-Mefloquine 

MECHANISM OF ACTION
Mefloquine is a quinoline-methanol. It is a lipophylic drug that acts on the intra-erythrocytic asexual 
stages of parasite development, inhibiting heme polymerization within the food vacuole. 

INDICATIONS AND EFFICACY
Mefloquine is an effective chemoprophylactic and therapeutic agent against drug-resistant 
P. falciparum. In Canada, it is routinely recommended only for chemoprophylaxis because of a 
higher rate of adverse effects with treatment doses. It is one of the drugs of choice, along with 
atovaquone-proguanil or doxycycline, for the prevention of chloroquine-resistant malaria (16). 
The chemoprophylactic efficacy of mefloquine is generally greater than 90%, except for small 
multidrug-resistant areas on the Thai-Cambodian, and Thai-Burma (Myanmar) borders. 

There is no evidence that toxic metabolites of mefloquine accumulate, and long-term use of 
mefloquine (> 1 year) by Peace Corps volunteers in Africa was not associated with additional 
adverse effects (6). It is recommended, therefore, that the duration that mefloquine is used is 
not be arbitrarily restricted in individuals who tolerate this medication.

Consider giving travellers who will be at immediate high risk of drug-resistant falciparum a loading 
dose of mefloquine. If time permits, initiate mefloquine up to three weeks before travel in order 
to assess tolerance and achieve higher blood levels before the traveller enters malaria-endemic 
areas. This strategy also allows the traveller time to contact the prescribing physician to arrange an 
alternative antimalarial. Alternatively, data from several trials indicate that mefloquine taken once 
daily for three days before travel followed by a once weekly dose is relatively well-tolerated and an 
effective way to rapidly achieve therapeutic blood levels (reaching steady state levels in four days 
compared with seven to nine weeks with standard weekly dosing of mefloquine) (41). In controlled 
studies, only about 2% to 3% of loading dose recipients discontinued mefloquine, and most of 
these did so during the first week.
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ADVERSE EFFECTS
Mefloquine is generally tolerated when used for chemoprophylaxis. Approximately 25% to 50% of 
travellers will experience adverse effects from either mefloquine or chloroquine; most of these are 
mild and self-limiting (42;43). The most frequent adverse effects reported with mefloquine use are 
nausea, strange vivid dreams, dizziness, mood changes, insomnia, headache and diarrhea. Serious 
but rare adverse drug reactions include agranulocytosis, aplastic anemia, and hepatic impairment 
including hepatic failure (44). Approximately 1% to 6% of mefloquine users may have to 
discontinue prophylaxis because of adverse effects. 

Controlled studies have shown a significant excess of neuropsychiatric events in mefloquine users 
versus comparators (28;45). Tens of millions of travellers have used mefloquine prophylaxis, and 
severe neuropsychiatric reactions (seizure, psychosis) to this drug are rare (reported from 1 in 6,000 
to 1 in 13,000 users). The great majority of mefloquine users (about 95%) have either no adverse 
effects or only mild and temporary ones. Occasionally, a traveller (in particular, women (6;46) and 
people with low body weight (45) will experience a less severe but still troublesome 
neuropsychological reaction (e.g. anxiety, mood change) to mefloquine (1 in 250 to 500 users), 
requiring a change to another drug. This can sometimes be prevented by splitting the weekly dose 
of one tablet into two halves, taken twice a week for the same total weekly dose. Adverse reactions 
are generally reversible, but neuropsychological complaints occasionally persist long after 
mefloquine has been stopped, and rare cases of suicidal ideation and suicide have been reported; 
no relation to drug administration has been confirmed with any of these rare adverse events. 

CATMAT does not routinely recommend mefloquine for the treatment of malaria, because it is 
less well tolerated in treatment doses (25 mg base/kg). Severe neuropsychiatric reactions are 
reported to be 10 to 60 times more frequent, occurring in 1/215 to 1/1,700 users of treatment 
doses of mefloquine (6). 

CONTRAINDICATIONS
Contraindications include known hypersensitivity or past severe reaction to mefloquine; history 
of serious psychiatric disorder (e.g. psychosis, severe depression, generalized anxiety disorder, 
schizophrenia or other major psychiatric disorders); and seizure disorder. 

PRECAUTIONS
Precautions for the use of mefloquine include use in children smaller than 5 kg; use in those 
with occupations requiring fine coordination or activities in which vertigo may be life-threatening, 
such as flying an aircraft; concurrent use of chloroquine or quinine-like drugs (due to the risk of a 
potentially fatal prolongation of the QT interval, halofantrine and mefloquine should not be used 
concurrently, see section on halofantrine below); underlying cardiac conduction disturbances or 
arrhythmia; and first trimester of pregnancy. 

Electrocardiographic investigations have shown that mefloquine alone does not alter ventricular 
repolarization. At the cellular level, most major antimalarial drugs inhibit potassium channels, which 
are regulated by the LQT1 and HERG genes responsible for the congenital long-QT syndrome, 
which may explain the synergistic prolongation of QT interval observed when mefloquine is 
co-administered with the HERG antagonist halofantrine (47). There have been concerns regarding 
the co-administration of mefloquine and agents known to alter cardiac conduction, including other 
related antimalarial compounds (quinine, quinidine, chloroquine), beta-blockers, calcium channel 
blockers, phenothiazines, nonsedating antihistamines and tricyclic antidepressants, because these 
drugs may contribute to a prolongation of the QT interval (44). At present, these concerns remain 
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theoretical, and the concurrent use of these agents is not contraindicated, but use should be 
monitored. A review of available data suggests that mefloquine may be used in people concurrently 
taking most beta-blockers if they have no underlying conduction delays or cardiac arrhythmia. 

Mefloquine is extensively metabolized in the liver by CYP3A4; caution should therefore be 
exercised when mefloquine is administered concomitantly with CYP3A4 inhibitors such as 
ketoconazole or macrolide antimicrobials because this can result in toxic levels of mefloquine (45). 
Co-administration with CYP3A4 inducers may result in subtherapeutic levels of mefloquine and 
mefloquine failures.

When mefloquine is prescribed for prophylactic use, individuals should be advised that if they 
experience psychiatric symptoms, such as acute anxiety, depression, restlessness or confusion, 
these may be prodromal to more serious adverse events. They should report these adverse events 
immediately, and discontinue the drug, substituting it with another medication.

Insufficient mefloquine is excreted in breast milk to protect a nursing infant. Although the package 
insert recommends that mefloquine not be given to children weighing less than 5 kg, it should be 
considered for children at high risk of acquiring chloroquine-resistant P. falciparum malaria (see 
Chapter 4; Chapter 5; Appendix I). There are no pharmacokinetic data upon which to recommend 
a correct dose for children weighing less than 15 kg. WHO has suggested a chemosuppressive 
dose of 5 mg base/kg weekly for children weighing more than 5 kg. 

Vaccination with live, oral typhoid or cholera vaccines should be completed at least three days 
before the first dose of mefloquine (44).

TABLE 8.6: Mefloquine: evidence-based medicine recommendations

RECOMMENDATION EBM RATING

If tolerated, mefloquine is one of the drugs of choice, along with atovaquone-proguanil  
or doxycycline, for the prevention of chloroquine-resistant malaria (16).

A I

Mefloquine is not recommended for prevention of malaria in border areas between 
Cambodia, Myanmar and Thailand, due to reports of treatment failures in excess of 50%  
in those areas (16).

B II

Long-term use of mefloquine (> 1 year) in Africa is not associated with additional adverse 
effects, and its use should not be arbitrarily restricted in individuals who tolerate this 
medication (6).

B II

The most frequent adverse effects reported with mefloquine use are nausea, strange vivid 
dreams, dizziness, mood changes, insomnia, headache and diarrhea. Approximately 1%  
to 6% of mefloquine users may have to discontinue prophylaxis because of adverse  
effects (42).

B II

Mefloquine is not recommended as a treatment of malaria. Severe neuropsychiatric 
reactions are reported to occur in 1/215 to 1/1,700 (6).

E III

Mefloquine is contraindicated in individuals with known hypersensitivity, past severe 
reaction to mefloquine, a history of serious psychiatric disorder (e.g. psychosis, severe 
depression, generalized anxiety disorder, schizophrenia or other major psychiatric 
disorders), seizure disorder and cardiac conduction delays (6).

C I–E I

ABBREVIATION: EBM, evidence-based medicine.

NOTE: For a description of the categories and quality of evidence of the recommendations, see Appendix IV.
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PRIMAQUINE 
Trade Name: Primaquine (primaquine phosphate) 

MECHANISM OF ACTION
Primaquine is an 8-aminoquinoline antimalarial that is active against multiple life cycle stages of 
the plasmodia that infect humans; it has been used for over 50 years. Its mechanism of action not 
fully understood. However, primaquine is active against the developing liver stages (causal effect), 
thereby preventing establishment of infection; against liver hypnozoites, preventing relapses in 
established P. vivax and P. ovale infections; against blood stages; and against gametocytes, thereby 
preventing transmission. 

INDICATIONS AND EFFICACY
Primaquine is used in two major ways to prevent malaria: 1) as a primary chemoprophylactic agent, 
and 2) for prevention of relapse due to P. vivax or P. ovale infection (primaquine anti-relapse 
therapy [PART]).

1) Primary chemoprophylaxis: Primaquine is an effective chemoprophylactic agent for 
P. falciparum malaria (43). Recent studies have shown efficacy in semi-immune and nonimmune 
subjects, although data for travellers and for varied geographic regions are limited. Given at a dose 
of 0.5 mg/kg base per day (adult dose 30 mg base per day) for 11 to 50 weeks, primaquine had a 
protective efficacy of 85% to 93% against both P. falciparum and P. vivax infections (48). Primaquine 
is well tolerated in people who are not glucose-6-phosphate dehydrogenase (G6PD) deficient. 
Because of the causal effects of primaquine, it can be discontinued one week after departure from 
a malaria-endemic area. All travellers need to be evaluated for G6PD deficiency before primaquine 
is initiated. Although not a first-line chemoprophylactic agent, primaquine may be considered an 
alternative chemoprophylactic agent (with attention to contraindications and precautions) for those 
without G6PD deficiency when other regimens are either inappropriate or contraindicated.

2) Primaquine anti-relapse therapy (PART): P. vivax and P. ovale parasites can persist in the liver 
and cause relapses for as long as five years after departure from a malaria-endemic area. Since most 
malarial areas of the world (except Haiti and the Dominican Republic) have at least one species of 
relapsing malaria, travellers to these areas have some risk of acquiring either P. vivax or P. ovale, 
although actual risk for an individual traveller is difficult to define. Primaquine decreases the risk of 
relapses by acting against the liver stages of P. vivax and P. ovale. Primaquine terminal prophylaxis is 
administered after the traveller has left a malaria-endemic area, usually during or after the last two 
weeks of chemoprophylaxis. Terminal prophylaxis with primaquine is generally indicated only for 
people who have had prolonged exposure in malaria-endemic regions (e.g. long-term travellers or 
expatriates) (49). None of the other currently recommended chemoprophylaxis regimens will prevent 
relapses due to P. vivax and P. ovale. PART should therefore be considered in travellers who have 
lived for 6 months or longer in a high-risk area or who have experienced intense exposure to 
P. vivax, in areas of the Omo River (Ethiopia) and Papua New Guinea (37).

Primaquine is also indicated as part of the treatment of confirmed bloodstream infection with 
P. vivax or P. ovale. In order to reduce the risk of relapse following the treatment of symptomatic 
P. vivax or P. ovale infection, primaquine is indicated to provide “radical cure.” Primaquine should 
be initiated for radical cure after the acute febrile illness is over, but to overlap with the blood 
schizonticide (i.e. chloroquine or quinine). P. vivax isolates with a decreased responsiveness to 
primaquine are well documented in southeast Asia and, in particular, Papua New Guinea and
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Papua (Irian Jaya) (8). On the basis of increasing numbers of reports of resistance to primaquine 
at the standard dose of 0.25 mg/kg, the recommended dose for radical cure has been increased 
to 30 mg (0.5 mg/kg) of primaquine base daily for 14 days in Oceania and southeast Asia (8).

ADVERSE EFFECTS, CONTRAINDICATIONS AND PRECAUTIONS
Primaquine is generally well tolerated but may cause nausea and abdominal pain, which 
can be decreased by taking the drug with food. More importantly, primaquine may cause 
methemoglobinemia and oxidant-induced hemolytic anemia, particularly among individuals 
with G6PD deficiency, which is more common in those of Mediterranean, African and Asian ethnic 
origin. Four classes of G6PD deficiency exist, and are classified based on the level of residual 
enzyme activity in red blood cells, with Class I being the most severe form, and Classes II to IV 
having diminishing degrees of deficiency. Most people with G6PD deficiency will have a moderate 
variant, with more than 10% residual G6PD red cell activity. As well, those receiving more than 
15 mg base/day have a greater risk of hemolysis. Therefore, all individuals should have their G6PD 
level measured before primaquine therapy is initiated. 

Primaquine is contraindicated in people with severe G6PD deficiencies. In mild variants of G6PD 
deficiency, primaquine has been used safely at a lower dose for radical cure to prevent P. vivax 
and P. ovale relapses (0.8 mg base/kg weekly; adult dose 45 mg base weekly for 8 weeks); 
however, this reduced dose is insufficient for chemoprophylactic activity. Administering primaquine 
less frequently (e.g. weekly rather than daily) and for longer (e.g. eight weeks versus standard two 
weeks) enables effective PART with minimal risk of hemolysis in those with less severe forms of 
G6PD deficiency. When used at prophylactic doses (0.5 mg base/kg daily) in children and adults 
with normal G6PD activity, mean methemoglobin rates (5.8%) were below those associated with 
toxicity (> 10%). Advise travellers to stop their medication and report to a physician immediately 
if jaundice, gray skin or abnormally dark or brown urine is noted. 

Primaquine is contraindicated in pregnancy. P. vivax or P. ovale infections occurring during 
pregnancy should be treated with standard doses of chloroquine (Table 8.3). Relapses can be 
prevented by weekly chemoprophylaxis with chloroquine until after delivery, when primaquine 
can be safely used for mothers with normal G6PD levels. However, primaquine should only be 
used in nursing mothers if the infant has been tested and found not to be G6PD deficient.

TABLE 8.7: Primaquine: evidence-based medicine recommendations

RECOMMENDATION EBM RATING

Primaquine (30 mg base daily) is an effective chemoprophylactic agent with a protective 
efficacy of 85%–93% against both P. falciparum and P. vivax infections; it is recommended 
when the first-line agents mefloquine, doxycycline and ATQ-PG cannot be used or in the 
prophylaxis of P. vivax or P. ovale malaria, when there is no G6PD deficiency (43;50). 

A I

Primaquine 30 mg base daily for 2 weeks is effective as a radical cure to prevent relapses 
of P. vivax or P. ovale (8;51). 

A I

ABBREVIATIONS: ATQ-PG, atovaquone-proguanil; EBM, evidence-based medicine; G6PD, glucose-6-phosphate dehydrogenase;  
P. Plasmodium.

NOTE: For a description of the categories and quality of evidence of the recommendations, see Appendix IV.
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QUININE AND QUINIDINE 
MECHANISM OF ACTION
Quinine and quinidine are quinoline-containing antimalarials. They are alkaloid derivatives of 
Cinchona bark and act on the intra-erythrocytic asexual stage of the parasite. 

INDICATIONS AND EFFICACY
Quinine and quinidine are indicated only for the treatment of malaria and not for prophylaxis. 
Quinine (or quinidine) should not be used alone: a second drug such as doxycycline should always 
be used concurrently. 

Oral treatment with quinine is indicated for uncomplicated falciparum malaria and as step-down 
therapy after parenteral treatment of complicated malaria. 

Quinine and artesunate are first-line drugs for the parenteral therapy of severe or complicated 
malaria, but artesunate has been shown to be the more effective treatment for severe malaria (4). 
The CMN recommends reserving the use artesunate for those presenting with WHO-defined severe 
malaria and using parenteral quinine in those whose indication is vomiting or intolerance to oral 
therapy. Because of the significant cardiotoxic effects associated with parenteral quinidine it is to be 
considered only if the two first-line drugs are unavailable; in that case cardiac monitoring is required. 

ADVERSE EFFECTS, CONTRAINDICATIONS AND PRECAUTIONS
Minor adverse events are common with quinine and quinidine use. These include cinchonism 
(tinnitus, nausea, headache, and blurred vision), hypoglycemia (especially in pregnant women 
and children), nausea and vomiting. Occasionally, hypersensitivity and nerve deafness have been 
reported. Parenteral quinidine has the potential to increase the QT interval and therefore requires 
electrocardiographic monitoring. 

TABLE 8.8: Quinine: evidence-based medicine recommendations

QUININE: EVIDENCE-BASED MEDICINE RECOMMENDATIONS EBM RATING

Oral therapy with quinine (with a second agent—doxycycline or clindamycin) is indicated 
for the treatment of uncomplicated falciparum malaria and as step-down therapy after 
parenteral treatment of complicated malaria (16;25). 

A I

Parenteral quinine is the alternative drug for the treatment of severe or complicated malaria 
when parenteral artesunate is not available (8). 

A I

ABBREVIATION: EBM, evidence-based medicine. 

NOTE: For a description of the categories and quality of evidence of the recommendations, see Appendix IV.

OTHER DRUGS NOT AVAILABLE OR NOT ROUTINELY 
RECOMMENDED IN CANADA (IN ALPHABETICAL ORDER) 
It is important for travellers and providers to understand that the medical management of malaria 
in countries where the disease is endemic may differ significantly from management in Canada. 
In countries where malaria is endemic, the number of effective medications available for treatment 
may be limited; indeed, some of the drugs used may be ineffective in nonimmune travellers or be 
associated with unacceptable adverse outcomes. In addition, drugs purchased locally may be 
counterfeit. As well, the level of health care available in some of these countries may put travellers 
at risk of other infectious diseases (52;53).
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Amodiaquine is a 4-aminoquinoline that was first introduced as an alternative to chloroquine. 
Resistance to this drug has followed the path of chloroquine resistance. Bone marrow toxicity 
and hepatotoxicity have been noted when it is used for malaria prophylaxis. Amodiaquine is not 
recommended for malaria chemoprophylaxis.

Azithromycin (Zithromax®) is a macrolide antimicrobial that inhibits the parasite apicoplast. 
Azithromycin has been shown not to be very effective in the prevention of P. falciparum malaria. 
Studies performed to date indicate that azithromycin is less effective than atovaquone-proguanil, 
doxycycline, mefloquine or primaquine (21;38;49;54). There is insufficient evidence to recommend 
azithromycin as an alternative antimalarial except under circumstances in which other, more 
effective and safer, medications are not available or are contraindicated.

Azithromycin is considered to be safe in pregnancy and for children, and is available in suspension. 
However, in view of the serious consequences of malaria in pregnancy and in young children, use 
of this suboptimal antimalarial would not routinely be recommended. 

Halofantrine is a phenanthrene methanol derivative related to mefloquine and quinine. It is 
available only in an oral formulation, which is limited by variable bioavailability. Halofantrine is 
not licensed in Canada and has been withdrawn from the world market because of concerns 
about cardiotoxicity. It does remain widely available in the tropics, and travellers should know of 
the danger of this drug. WHO has reported cardiac deaths associated with the use of halofantrine 
and no longer recommends its use. 

Piperaquine is a bisquinoline antimalarial drug that was first synthesised in the 1960s and used 
extensively in China for malaria prophylaxis and treatment for about 20 years. With the development 
of piperaquine-resistant strains of P. falciparum and the emergence of the artemisinin derivatives, its 
use declined during the 1980s. However, in the 1990s, Chinese scientists rediscovered piperaquine 
as one of a number of compounds suitable for combination with an artemisinin derivative. Recent 
Indochinese studies have confirmed the excellent clinical efficacy of piperaquine-DHA combinations 
(28-day cure rates > 95%) and have demonstrated that currently recommended regimens are not 
associated with significant adverse effects. The pharmacokinetic properties of piperaquine have also 
been characterized recently, revealing that it is a highly lipid-soluble drug with a large volume of 
distribution at steady state, long elimination half-life and a clearance that is markedly higher in 
children than in adults. The tolerability, efficacy, pharmacokinetic profile and low cost of piperaquine 
make it a promising partner drug for use as part of artemisinin-based combination therapy (ART) (55).

Proguanil should not be used as a single agent (e.g. Paludrine®), or in combination with 
chloroquine (Savarine®) for chemoprophylaxis (35;40;56–58). Further information is available 
for the combined product atovaquone-proguanil (Malarone®), above. 

Pyrimethamine alone (Daraprim®) is not recommended for malaria chemoprophylaxis because 
of widespread drug resistance in Asia and Africa and evidence of some resistance in Haiti (59;60). 

Pyrimethamine-sulfadoxine (Fansidar®) is a fixed drug combination antimetabolite that inhibits 
parasite folate synthesis. Historically, this drug has been used for treatment, including self-treatment, 
of P. falciparum, but increasing resistance means it has limited utility for the treatment of P. falciparum 
and is no longer recommended. Resistance has been reported in the Amazon Basin, southeast Asia, 
and increasingly throughout Africa. 

Pyrimethamine-sulfadoxine is not recommended by CATMAT, CDC or WHO for chemoprophylaxis 
because of the life-threatening complication of Stevens-Johnson syndrome and toxic  
epidermal necrolysis. 
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Pyronaridine is a benzonaphthyridine synthesized in China in 1970 that has been used to treat 
P. vivax and P. falciparum infections for more than 20 years and has been shown to effectively 
treat falciparum malaria in children in Cameroon. It has more gastrointestinal adverse effects than 
chloroquine. Pyronaridine has been used in combination with the artemisinin derivatives in the 
treatment of falciparum malaria (61). 

TABLE 8.9: Evidence-based medicine recommendations

RECOMMENDATIONS EBM RATING

Azithromycin has been shown not to be very effective in the prevention of P. falciparum 
malaria (21;38;49;54). 

E II

Amodiaquine is not recommended for malaria chemoprophylaxis because of its 
established risks of fatal hepatic or bone marrow toxicity (6;43;62). 

D III

Halofantrine has been associated with cardiac toxicity and should not be used as  
an antimalarial (6;43). Travellers should be forewarned, as it may still be available in  
some countries. 

D III

Piperaquine tolerability, efficacy, pharmacokinetic profile and low cost make it a promising 
partner drug for use as part of an ART (63). 

B II

Pyrimethamine alone (Daraprim®) is not recommended for malaria chemoprophylaxis 
because of widespread antifolate drug resistance (59). 

D III

Proguanil should not be used as a single agent for chemoprophylaxis because of 
widespread drug resistance (64). 

D III

Pyrimethamine-sulfadoxine (Fansidar®) is not recommended for chemoprophylaxis 
because of the life-threatening complication of Stevens-Johnson syndrome and toxic 
epidermal necrolysis (6;64).

E III

Pyronaridine has received insufficient study to recommend its use for the treatment  
of malaria in nonimmune travellers.

D III

Proguanil alone or in combination with chloroquine (Savarine®) is less effective  
than mefloquine, doxycycline and ATQ-PG and is not recommended for malaria 
prophylaxis (35;57;60). 

E II

ABBREVIATIONS: ART, artemisinin-based combination therapy; ATQ-PG, atovaquone-proguanil; EBM, evidence-based medicine;  
P. Plasmodium. 

NOTE: For a description of the categories and quality of evidence of the recommendations, see Appendix IV.
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TABLE 8.10: Base/salt equivalents of selected antimalarial drugs

DRUG BASE (MG) SALT (MG)

Chloroquine phosphate 155.0 250.0

Chloroquine sulphatea 100.0 136.0

Clindamycin hydrochloride 150.0 225.0

Mefloquine 250.0 274.0

Primaquine 15.0 26.3

Quinidine gluconate 5.0 8.0

7.5 12.0

10.0 16.0

15.0 24.0

Quinidine sulphateb 7.5 9.0

10.0 12.0

15.0 18.0

Quinine dihydrochloride 5.0 6.0

7.5 9.0

15.0 18.0

16.7 20.0

Quinine sulphate 250.0 300.0

a 	 Not available in Canada.
b 	 Intramuscular preparation should not be used intravenously.
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APPENDIX I: MALARIA RISK AND 
RECOMMENDED CHEMOPROPHYLAXIS 
BY GEOGRAPHIC AREA*
*Geographic Areas as per WHO International Travel and Health

While relatively accurate in the shorter term, the risk areas, elevations, and seasonality data shown 
in the tables in Appendix I can change from year to year and season to season. For those countries 
where risk for malaria is present year-round in all areas, there is little variation that would affect 
malaria chemoprophylaxis recommendations from year to year. In other areas, however, risk may 
vary. Informative websites to keep travel health practitioners abreast of changes include the 
Public Health Agency of Canada’s Travel Health website (www.travelhealth.gc.ca), the World Health 
Organization’s International Travel and Health report (www.who.int/ith/en) and the Centers for 
Disease Control and Prevention Yellow Book (1).

For certain countries, CATMAT now includes a duration-of-exposure component in its 
recommendations, expressed in the format: ”Chloroquine for stays > 2 weeks; Chloroquine or 
PPM [personal protective measures] alone for stays of ≤ 2 weeks.” The intent is to allow the travel 
health practitioner to be more flexible for those countries where malaria risk is particularly low. That 
is to say, practitioners may consider recommending PPM alone for stays equal to or shorter than 
the identified time period, but CATMAT continues to recommend chemoprophylaxis along with 
PPM for all longer stays. When no chemoprophylaxis has been used, urgent medical consultation 
should be sought in the event of a fever. The rationale for this decision is outlined in Chapter 2.
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APPENDIX II: PRE-TRAVEL CHECKLIST 
FOR ADVISING TRAVELLERS TO 
MALARIAL AREAS
The following checklist highlights points to consider when advising travellers who are planning 
to travel to regions with a risk of malaria transmission. 

ASSESS THE RISK OF MALARIA  
(SEE CHAPTER 2 AND APPENDIX I)

DISTRIBUTION AND TRANSMISSION INTENSITY 
OF MALARIA IN DESTINATION COUNTRY(IES).
Seasonal variation in malaria transmission?

Species of malaria present/predominant in destination country(ies)?

Drug resistance documented/prevalent?

SELECT APPROPRIATE CHEMOPROPHYLAXIS 
RECOMMENDATIONS (CHAPTER 4)
Does the traveller have any drug allergies?

Does the traveller have any contraindications to the recommended (first-line) antimalarial agents? 

If yes, select an alternative.

Does the traveller have any medical conditions that would influence the choice of 
antimalarial agents?

Does the traveller have any prior experience with antimalarial agents?

Does the traveller have any strong opinions for, or against, a particular agent?

Are there drug/drug interactions to consider?

EDUCATION ABOUT MALARIA CHEMOPROPHYLAXIS 
(CHAPTER 3)
Start chemoprophylaxis before travel, as directed.

Use chemoprophylaxis continuously while in malaria-endemic areas and for four weeks after leaving 
such areas (except for atovaquone-proguanil and primaquine, which are taken for one week after 
leaving such areas). 

All antimalarial drugs can cause adverse effects; most minor side effects abate even with continued 
use of a drug. Seek medical advice if adverse effects persist but continue with the chemoprophylaxis.
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If serious adverse effects occur, seek medical advice promptly and discontinue using the drug. 
Switch to another effective drug immediately.

You can still get malaria despite using chemoprophylaxis. 

Colleagues, websites and even health care providers in destination countries may offer conflicting 
opinions about antimalarial drugs. These sources are often inaccurate and/or based on approaches 
elaborated for other populations, e.g. residents of malaria-endemic areas. Continue using the 
chemoprophylactic medications that were prescribed. 

Some popular antimalarial measures (e.g. papaya tea) promoted in endemic areas have not 
been proven effective and should not be substituted for chemoprophylactic agents with 
documented efficacy. 

EDUCATE ABOUT PERSONAL PROTECTIVE  
(ANTI-MOSQUITO) MEASURES (CHAPTER 3)
Use insecticide-impregnated bed nets, especially if mosquitoes cannot be otherwise excluded, 
(e.g. by screening on windows).

20%–30% DEET or 20% icaridin (a repellent recently registered in Canada) are recommended 
to protect adults against mosquito bites.

Icaridin at a concentration of 20% is recommended to protect children (aged 6 months–12 years) 
against mosquito bites.

For infants aged less than 6 months, there are no repellents approved for use in Canada. However, 
if mosquito bites cannot be otherwise prevented, for example by using netting over cribs, strollers, 
etc., use up to 10% DEET or 20% icaridin.

Follow label instructions on how and where to apply insect repellent. Reapply insect repellent if you 
see mosquitoes biting before the recommended reapplication interval noted on the product label.

p-menthane-3,8-diol is recommended as a second choice after DEET or icaridin.

Other repellents are not recommended (e.g. citronella, soybean oil) for protection against the bites 
of malaria vectors. 

Other interventions such as insecticide vaporizers, mosquito coils, electronic devices, etc., are not 
recommended for protection against the bites of malaria vectors.

Refer to CATMAT Statement on Personal Protective Measures to Prevent Arthropod Bites for more 
detailed information. 

EDUCATE ABOUT MALARIA ILLNESS (SEE CHAPTER 3) 
Malaria may become severe and/or lead to death if treatment is delayed. Progression from mild 
to life-threatening disease can occur at any point in the illness and within hours.

Symptoms of malaria may be mild and nonspecific, and malaria should be considered in any 
unexplained fever or “flu-like” illness during or after travel to endemic areas. Any such illness 
during or after travel should prompt the traveller to seek medical help as soon as is possible.
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Advise health care providers of travel to malaria-endemic areas.

Accurate diagnosis of malaria requires laboratory testing (Chapter 6: microscopic examination of 
blood smears, polymerase chain reaction or rapid diagnostic tests). Diagnosis based on symptoms 
alone is relatively inaccurate. Nevertheless, if a malaria diagnosis has been made in an endemic 
area—even if reliable testing has not been done—it is prudent to treat for malaria. This is because 
malaria can rapidly progress to life-threatening disease if treatment is delayed. 

If malaria is suspected, laboratory testing (microscopic examination of blood smears, polymerase 
chain reaction or rapid diagnostic tests) should be done on one or more occasions to verify the 
diagnosis. Self-treatment (if prescribed) should only be taken if medical care is not readily available. 
Medical advice should still be sought as soon as is possible after self-treatment. 

Chemoprophylaxis should be continued even if malaria has been diagnosed.

SPECIAL TRAVELLERS (SEE CHAPTERS 5) 
Certain populations are at increased risk of malaria. 

Pregnant women (or women who may become pregnant while travelling or living in endemic areas) 
should be advised that pregnancy is a time of heightened risk of severe malaria and adverse 
consequences to both mother and fetus. In addition, certain drugs are contraindicated during 
prenancy, (e.g. doxycycline).

Young children can be at increased risk of malaria and also require special consideration with 
respect to appropriate chemoprophylactic and personal protection options.

People with comorbidities can be at increased risk of malaria, and also might require special 
attention because of drug contraindications and/or interactions.

People who originate from malaria-endemic areas are often are at higher risk of malaria, for 
example because they (and their families) visit areas where transmission is intense and/or do not 
take all appropriate precautions. These travellers should receive specific counselling to address 
misperceptions about malaria immunity (i.e. they do not have it) and the need for personal 
protective measures (i.e. they should use them). 

Long-term travellers may choose to discontinue malaria chemoprophylaxis because of concerns 
about long-term drug use and/or a misguided attempt to build up immunity. Advise these 
travellers that they remain at risk of malaria (including severe malaria) and that there is no limit on 
the duration of antimalarial chemoprophylaxis for individuals who tolerate the medication.

(Adapted from International Travel and Health, World Health Organization, Geneva, 2011).
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APPENDIX III: FREQUENTLY ASKED 
QUESTIONS ABOUT MALARIA
* This document may be freely copied and distributed.

IS MALARIA A RISK FOR CANADIAN TRAVELLERS?
Yes. Malaria is a major killer worldwide and is the principal life-threatening infectious disease 
for Canadians travelling to malaria-endemic areas. Between 400 and 1,000 cases of malaria 
are reported among Canadian travellers annually, resulting in one to two deaths per year.

WHERE IS MALARIA A RISK?
Most malaria cases and deaths occur in sub-Saharan Africa. Transmission occurs in: 

•	 Most of sub-Saharan Africa and limited areas in Northern Africa;

•	 Large areas of Southern Asia, Southeast Asia, and some parts of East Asia;

•	 Areas in Central America including the Dominican Republic, Haiti, parts of Mexico  
and much of South America;

•	 Papua New Guinea and other small islands in the South Pacific / Oceania region  
and in limited areas in the Middle East and Eastern Europe.

Please consult Appendix I: Malaria Risk and Recommended Chemoprophylaxis by Geographic 
Area for information about specific areas with risk of transmission.

WHAT ARE THE SIGNS AND SYMPTOMS OF MALARIA INFECTION?
Any individual who has travelled to a malaria-endemic area and subsequently developed fever 
should urgently seek medical advice and request testing to rule out malaria, even if the fever 
appears many months after returning to Canada. Early symptoms also include headache, muscle 
or joint aches, backache, fatigue, nausea and low appetite. The classic symptoms of malaria 
(a cyclical pattern of severe shaking chills, high fever and sweats) are often absent in mild or early 
cases. Symptoms may mimic other common diseases such as minor viral infections, influenza, 
gastroenteritis and pneumonia. As a result, it is easy to overlook malaria.

DOES PREVIOUS EXPOSURE TO MALARIA OFFER ANY PROTECTION TO TRAVELLERS?
No. Canadian travellers who were born, grew up or used to live in malaria-endemic areas are not 
protected from malaria. They remain at risk regardless of past exposures or episodes of illness. 

DO ALL TRAVELLERS TO THE TROPICS NEED MALARIA CHEMOPROPHYLAXIS?
No. Some destinations in the tropics are free of malaria or have such a low risk that malaria 
chemoprophylaxis might not be indicated. In some countries, malaria chemoprophylaxis may only 
be required in particular regions (usually rural areas), during particular seasons or for longer stays. 
The boundaries of malaria-free zones within malaria-endemic countries can change rapidly, and 
all individuals (adults and children) travelling to areas with any risk of malaria should use personal 
protective measures, such as treated mosquito nets and insect repellents, to avoid mosquito bites. 
These also protect against other insect-borne disease like dengue.
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CAN TRAVELLERS STOP TAKING ANTIMALARIAL MEDICATIONS OR USING PERSONAL PROTECTIVE 
MEASURES IF THEY DO NOT SEE ANY MOSQUITOES AT THEIR DESTINATION?
No. Even if travellers do not notice any mosquitoes, they should continue taking antimalarial 
medications. Malaria mosquitoes are different from the mosquitoes typically in Canada—they 
tend to bite when we sleep, and often are less aggressive. 

SHOULD PREGNANT WOMEN, BABIES AND CHILDREN TRAVELLING TO MALARIA-ENDEMIC AREAS 
RECEIVE MALARIA CHEMOPROPHYLAXIS?
Yes. Pregnant women, babies and small children are at particular risk of acquiring malaria and of 
suffering severe complications from malaria. If they must go to high-risk areas, they should use the 
best available antimalarial medications (see Chapter 5), along with personal protective measures. 
Antimalarial medication taken by breastfeeding mothers will not provide protection for the 
breastfed child. 

DO MOST PEOPLE WHO TAKE MALARIA CHEMOPROPHYLAXIS HAVE SERIOUS SIDE EFFECTS?
No. The majority of people taking antimalarial medications (95% to 99%) have either no side effects 
or only mild, temporary ones. In most studies, only 1% to 6% of people change to an alternative 
medication because of side effects. Reactions to antimalarial medications are almost always reversible.

For travellers to high-risk areas, the risk of acquiring malaria and dying is significantly greater than 
the risk of experiencing a serious side effect from malaria chemoprophylaxis. 

The final choice of which antimalarial medication to use should be based on an individual risk 
assessment performed by a knowledgeable travel health practitioner. The risk assessment should 
take into account the medication’s effectiveness, the traveller’s willingness to accept potential side 
effects, the convenience of dosing (weekly versus daily), the cost, and the traveller’s medical history, 
including contraindications to antimalarial medications. 

If side effects are significant, then an alternative antimalarial medication should be chosen. Travellers 
who are concerned about their ability to tolerate medications may wish to consult a travel health 
practitioner well before travelling and consider a trial of antimalarial medication before leaving. 

ARE THERE SAFER AND/OR MORE EFFECTIVE ANTIMALARIAL MEDICATIONS AVAILABLE?
For high-risk regions of the world with chloroquine-resistant malaria, three equally effective 
medications are currently licensed in Canada: atovaquone-proguanil (Malarone®), doxycycline 
and mefloquine (Lariam®). Each has advantages and disadvantages. Cheaper medications available 
locally in destination countries may be ineffective, counterfeit, more toxic or inappropriate for  
high-risk individuals. These include chloroquine, proguanil (Paludrine®), amodiaquine (Camoquine®), 
pyrimethamine (Daraprim®), pyrimethamine plus sulfadoxine (Fansidar®) and pyrimethamine plus 
dapsone (Maloprim®). 

WHY DO TRAVELLERS NEED TO CONTINUE TAKING MEDICATIONS AFTER THEY LEAVE THE 
MALARIA-ENDEMIC AREA?
Most antimalarial medications do not actually prevent the initial stages of malaria infection when 
the parasites are in the liver. Rather, they work once the parasite has completed its development 
in the liver and entered the blood stream. The initial phase of infection in the liver can last from 
8 days to several months, although the majority of malaria cases present within the first three 
months after leaving the malaria-endemic area. Most antimalarial medications (chloroquine, 
mefloquine, doxycycline) must be continued for four weeks after leaving a malaria-endemic area
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to prevent disease caused by the parasites that emerge from the liver. Some antimalarial medications 
(atovaquone-proguanil, primaquine) are effective against the liver stages of infection, and these 
medications may be discontinued several days to one week after leaving the malaria-endemic area. 

WHAT IS THE MAXIMUM LENGTH OF TIME A TRAVELLER CAN SAFELY USE  
MALARIA CHEMOPROPHYLAXIS?
There is no absolute time limit on how long one can take antimalarial medication. The few 
individuals who experience significant side effects from antimalarial medications usually do so 
within the first few weeks of use. Many mild side effects tend to diminish over time, even with 
continued use of the medication. Long-term travellers should not discontinue a well-tolerated and 
effective antimalarial medication simply because they have been taking it for a long period of time.

FOR TRAVELLERS USING MALARIA CHEMOPROPHYLAXIS, WHAT IS THE RISK OF  
DEVELOPING MALARIA?
Proper use of an effective antimalarial medication provides a high degree of protection and 
can reduce the risk of malaria illness by more than 90%, but no antimalarial medication is 100% 
effective. Therefore, even if travellers have taken chemoprophylaxis, malaria should be 
considered in febrile patients during or after travel to malaria-endemic areas. 

DOES THE USE OF MALARIA CHEMOPROPHYLAXIS MAKE IT MORE DIFFICULT TO  
DIAGNOSE MALARIA?
The use of malaria chemoprophylaxis may reduce the severity of symptoms and the number of 
parasites in the blood and could therefore rarely result in a minor delay in definitive diagnosis. 
However, properly used antimalarial medications will prevent the vast majority of malaria episodes 
and reduce the risk of severe disease, and will not prevent a definitive diagnosis if proper testing is 
done. The small risk of a slight delay in diagnosis must be balanced with the significant benefit of 
preventing disease and reducing the risk of severe disease. 

IS IT TRUE THAT SOME MALARIA CANNOT BE TREATED?
If identified early and treated appropriately, almost all malaria can be completely cured. However, 
even short delays in the diagnosis of malaria can make treatment more difficult and less successful, 
and can increase the risk of serious complications. 

ONCE YOU ARE INFECTED WITH MALARIA, ARE YOU ARE INFECTED FOR LIFE?
No. Appropriate treatment and follow-up can cure malaria. 

Further information on travel-related health issues is available on the Public Health Agency of 
Canada’s Travel Health website: www.travelhealth.gc.ca.
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APPENDIX IV: STRENGTH AND QUALITY 
OF EVIDENCE SUMMARY
STRENGTH AND QUALITY OF EVIDENCE SUMMARY TABLE:

CATEGORY DEFINITION

Categories for the strength of each recommendation

A Good evidence to support a recommendation for use

B Moderate evidence to support a recommendation for use

C Poor evidence to support a recommendation for or against use

D Moderate evidence to support a recommendation against use

E Good evidence to support a recommendation against use

Categories for the quality of evidence on which recommendations are made

I Evidence from at least one properly randomized, controlled trial

II Evidence from at least one well-designed clinical trial without randomization; from cohort  
or case-controlled analytic studies, preferably from more than one centre; from multiple time 
series; or from dramatic results in uncontrolled experiments

III Evidence from opinions or respected authorities on the basis of clinical experience, descriptive 
studies, or reports of expert committees

SOURCE: Committee to Advise on Tropical Medicine and Travel. Evidence-based medicine. CCDR 1994;20:145–47
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APPENDIX V: CANADIAN MALARIA 
NETWORK—ACCESSING PARENTERAL 
ARTESUNATE OR QUININE
The Canadian Malaria Network (CMN), in collaboration with Health Canada’s Special Access 
Programme and the Public Health Agency of Canada, keeps supplies of intravenous artesunate 
and quinine at major medical centres across the country for rapid access to effective treatment for 
severe malaria. These life-saving drugs are available 24 hours per day by contacting the pharmacies 
listed on the CMN webpage. These drugs are not licenced in Canada and are only available 
through the CMN, and require treating physicians to report on the use of these drugs (see below).

Severe malaria is not common in Canada, with 195 cases treated through the CMN between August 
2001 and August 2012. The number of cases per year has increased from 7 cases in 2002 to 30 in 
2010 and cases have been spread across the country. This means that these scarce drugs must be 
strategically distributed across the country (see Chapter 7 for information on management of malaria). 

Each of the participating CMN centres has on-site a designated physician with experience in 
treating malaria. For after-hours assistance, please contact the infectious disease consultant on 
call at the closest centre.

Each treatment dose comes with dispensing information and two surveillance forms (Form A and 
Form B). The attending physician fills out Form A at the time of access to / request for intravenous 
artesunate or quinine and Form B at discharge / end of malaria therapy. This information is vital to 
inform policy for distribution of these drugs. In addition, the organizations that supply these drugs 
need to be notified of any drug-related adverse events. 

TABLE V.1: Criteria for severe falciparum malaria* 

CLINICAL MANIFESTATION LABORATORY TEST

Prostration/impaired consciousness Severe anemia (hematocrit < 15%; Hb ≤ 50 g/L)

Respiratory distress Hypoglycemia (blood glucose < 2.2 mmol/L) 

Multiple convulsions Acidosis (arterial pH < 7.25 or bicarbonate < 15 mmol/L)

Circulatory collapse Renal impairment (creatinine > 265 µmol/L) 

Pulmonary edema (radiological) Hyperlactatemia

Abnormal bleeding Hyperparasitemia (≥ 2%)

Jaundice —

Hemoglobinuria —

Adapted from: Guidelines for tåhe treatment of malaria, World Health Organization, 2010.

* In patients with Plasmodium falciparum asexual parasitemia and no other obvious cause of 
symptoms, the presence of one or more of the clinical manifestations or laboratory features shown 
in Table V.1 classifies the patient as having severe malaria. Please note for those individuals who do 
NOT meet criteria for severe malaria, but require parenteral therapy, due to inability to tolerate oral 
treatment, IV quinine should be used. Artesunate is in short supply and should be reserved for 
those with severe malaria.

To obtain parenteral artesunate or quinine, please contact the pharmacy in your area listed on 
the CMN webpage.
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APPENDIX VI: MALARIA CARD
To be given to travellers with information about their chemoprophylaxis and an important reminder 
to seek medical attention in the event of fever illness after travel.

Malaria is serious and potentially  
life-threatening. Always protect yourself  
against mosquito bites with appropriate 
clothing, bed nets, and effective insect 
repellent.

http://travel.gc.ca/travelling/health-safety/
diseases/malaria

Your doctor’s name/phone number:

________________________________________

________________________________________

Antimalarial drug prescribed:

________________________________________

________________________________________

Remember to continue medication for the 
correct period after leaving the malarial area.  
If you miss a dose, take it as soon as possible. 

If you develop a fever, particularly if 
accompanied by other flu-like symptoms 
(muscle aches, headache, vomiting, abdominal 
pain and/or diarrhea), while travelling or up  
to 1 year later, you should seek medical 
attention immediately.

Untreated malaria can progress rapidly  
to severe and fatal infection. 

Information for health care professionals

2014 Malaria Recommendations: 

www.phac-aspc.gc.ca/tmp-pmv/ 
catmat-ccmtmv/index-eng.php 

The Canadian Malaria Network provides  
access to life-saving medication and advice  
for physicians: 

www.phac-aspc.gc.ca/tmp-pmv/quinine/ 
index.html


