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Abstract: Malaria, a parasitic disease caused by protozoa belonging to the genus Plasmodium,
continues to represent a formidable public health challenge. Despite being a preventable
disease, cases reported among travelers have continued to increase in recent decades.
Protection of travelers against malaria, a potentially life-threatening disease, is of paramount
importance, and it is therefore necessary for healthcare professionals to be up to date with
the most recent recommendations. The present review provides an update of the existent
measures for malaria prevention among travelers.
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Introduction

Malaria is a parasitic disease caused by protozoa
belonging to the genus Plasmodium. There are
four species that exclusively affect humans:
Plasmodium  falciparum,  Plasmodium  vivax,
Plasmodium ovale, and Plasmodium malariae.
Plasmodium species that commonly infect non-
human primates can also be responsible for a high
proportion of human cases in certain parts of the
world as is the case with Plasmodium knowlesi in
southeast Asia and Plasmodium simium in Brazil. 1=
All species of malaria are transmitted by the bite
of an infective female Anopheles mosquito. Malaria
can be also transmitted through blood transfu-
sion, needle sharing, laboratory accidents, organ
transplantation, and congenitally from mother to
fetus.>6

Malaria continues to represent a formidable pub-
lic health challenge. According to the most recent
World Malaria Report published in 2020, there
were an estimated 229 million cases of malaria
worldwide in 2019 with 94% reported from the
African region and mostly affecting children
younger than 5years of age. There were an esti-
mated 409,000 deaths globally, with 95% occur-
ring in sub-Saharan Africa.” Although there has
been progress in reducing the global prevalence

and mortality attributable to malaria, the number
of cases reported among travelers in the United
States (US) has continued to have a stepwise
increase of approximately 29.4 cases per year
since 1972.% A total of 2161 confirmed malaria
cases were reported by the Centers for Disease
Control and Prevention (CDC) in 2017, a 4%
relative increase in confirmed cases compared
with 2016 and the highest in 45 years. Most cases
originated from West Africa (66.9%) and P. falci-
parum accounted for the majority of infections
(70.5%). Most of the cases of malaria affected
travelers who were visiting friends and relatives
(VFR traveler) and only about a quarter of US
residents with malaria reported taking any form of
chemoprophylaxis. There were 27 pregnant
women affected, of which 22 were hospitalized.
Ten of the pregnant women were US residents,
and none took prophylaxis to prevent malaria.®

Search strategy and selection criteria

We searched PubMed and Google Scholar for
articles published up to June 30, 2021 with
emphasis in the last 2decades, using the terms
‘malaria,’ in combination with ‘traveler,” ‘protec-
tion,” ‘prophylaxis,” ‘prevention.” We reviewed
these articles, and relevant articles in the
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references of these articles. Only articles pub-
lished in English were included.

Clinical presentation

The severity of clinical manifestations due to
malaria is primarily determined by previous expo-
sures to Plasmodium spp. and the resulting
immune status (i.e. premunition). The degree of
parasitemia also plays a significant role in the
pathogenetic mechanisms of the infection in the
microvasculature. The ability of P. falciparum
and, to a lesser degree, P. knowlesi to infect most
stages of the lifespan of red cells correlates with
higher levels of parasitemia and worse outcomes.
Reports of life-threatening malaria caused by P.
vivax are increasing in certain areas of the world,
with thrombocytopenia being a potential marker
of severity that requires further validation.8° Most
travelers are considered non-immune to malaria
and symptomatic disease is therefore seen across
all age groups. The incubation period is of
approximately 2weeks for malaria caused by P.
falciparum, P. knowlesi, and P. vivax. For P. ovale
and P. malariae, the incubation period is of about
2-3weeks and 18-35days, respectively.10-13
Temperate climate P. vivax (P. vivax var hiber-
nans) was of great importance until the middle of
last century and was characterized by long incu-
bation periods of up to 8-10months. Temperate
climate P. vivax malaria is still endemic in the
Korean peninsula.l4-16

The incubation period can also be altered (i.e.
prolonged) by agents used for chemoprophylaxis
and by antibiotics that are not commonly used to
prevent or treat malaria such as rifampin, azithro-
mycin, and ciprofloxacin.1”-1° Malaria can pre-
sent as early as 1week after the initial exposure
and as late as several years after leaving a malaria
zone irrespective of chemoprophylaxis use. This
is especially true with P. vivax or P. ovale when no
liver stage schizonticide is taken as part of
prophylaxis.1318.19

The presentation of malaria can be vague and
nonspecific. Fever, malaise, headache, chills, and
sweats are common but gastrointestinal and res-
piratory complaints may predominate. Fever in a
returning traveler should be considered a medical
emergency and expedited evaluation for life-
threatening infections is mandatory. Failure to
consider the diagnosis of malaria is not infrequent
and the diagnosis can be difficult, as fever is not

always present during the initial evaluation. If the
first blood films are negative, both thick and thin
blood films or rapid diagnostics should be
repeated twice 8-24h apart.13:1°

There are no pathognomonic physical exam find-
ings for malaria but several variables could be
used to predict a higher likelihood of the disease.
Splenomegaly, fever, a white blood cell count
<10,000 cells/l, platelet count <150,000/ul,
hemoglobin<12g/dl, eosinophils <5%, and
hyperbilirubinemia have been associated with
parasitemia.?%21 Malaria is a notifiable disease in
every state of the United States.

Educating the traveler

The risk of acquiring malaria is determined by a
variety of factors inherent to the traveler, itiner-
ary, and the geographic area being visited. The
risk assessment should be therefore individual-
ized and ideally occur at least 4-6weeks before
departure.

Malaria is endemic in 90 countries and territories
(Figure 1) and its transmission is usually continu-
ous throughout the year in tropical regions and
seasonal in temperate zones of the world. The
intensity and extent of transmission within a coun-
try varies and may be focal.”?2 There are several
resources with country-specific data regarding
malaria transmission to help clinicians with deci-
sion making. It is important to note that despite
the great value offered by these resources, reliable
data on area-specific risks within a predetermined
region/country is difficult to predict?®> and that
several professional organizations publish recom-
mendations that differ, sometimes to a great
extent. In general, studies have shown that the
highest risk of malaria transmission occurs in sub-
Saharan Africa and Papua New Guinea.%2427
Chemoprophylaxis should be therefore prescribed
routinely to travelers visiting these regions,
Pakistan and India, regardless of whether they will
be visiting an urban or rural setting. It is important
to note that most, but not all, urban and tourist
destinations in southeast Asia, Central and South
America do not have sufficient risk of malaria
transmission to warrant routine prophylaxis.27-28

Certain populations are at higher risk of acquiring
the disease or suffering from its complications.
Immigrants who have settled in developed coun-
tries and return to their home countries as VFR
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Figure 1. Malaria-endemic countries.

travelers are highly vulnerable.%23:26 Some of the
factors that affect a VFR’s risk of illness include
beliefs that they are immune to diseases that they
might have acquired during childhood (e.g.
malaria), access and trust of the healthcare (e.g.
asylum seekers and new immigrants), lack of
awareness of the risks associated with travel, cost,
and language barriers among others.2%3% Pregnant
women are at high risk of developing potentially
fatal complications related to malaria.3! Women
who are pregnant or who are likely to become
pregnant should be advised against travel to
malaria-endemic zones, as there is no chemopro-
phylactic regimen that is completely effective (see
section 8.2 for more details).

There are many other aspects that need to be
considered when determining the risk of acquisi-
tion of malaria. These include the length and sea-
son of the trip, rural versus urban setting, altitude
of the destination, accommodation characteris-
tics, outdoor exposure during night-time hours in
locations with considerable exposure to mosqui-
toes, and adherence to mosquito avoidance pre-
cautions and chemoprophylaxis.?3 Travel health
practitioners need to inform travelers of the life-
threatening nature of malaria infection and the
importance of prevention.

Personal protection measures

Anopheles spp. feed mainly between dawn and
dusk, and measures to decrease exposure during
this time is of paramount importance. Contact
with mosquitoes can be reduced by the use of
screened accommodations and mosquito bed
nets (preferably insecticide impregnated), appro-
priate application of repellents, and wearing
clothes that cover most of the body.23:32-34

A wide array of popular devices designed to repel
mosquitoes are available on the market. A few
examples include coils, candles, and heat-generat-
ing devices. The effectiveness of these devices is not
supported by robust studies and should therefore
be used with the addition of proven measures.3*

In general, topical repellents can be divided into
synthetic chemicals and plant-derived essential
0ils.3%:36 The best-known chemical insect repel-
lents are N, N-diethyl-m-toluamide, also known
as N, N-diethyl-3-methylbenzamide (DEET),
and picaridin. Oil of lemon eucalyptus (OLE) or
PMD (chemical name: para-mentahne-3,8 diol),
IR3535 [chemical name: 3-(NN-butyl-N-acetyl)-
aminopropionic acid, ethyl ester], and 2-unde-
canone are considered either derivatives or
synthetic products of natural materials.33:34
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The efficacy and duration of protection are sub-
ject to factors such as ambient temperature and
humidity, degree of perspiration and level of
activity, exposure to water and other variables.
The degree of protection to a determined species
of mosquito or tick varies according to the active
ingredient and the duration of protection is pro-
portional to the concentration of the product.33:34
For DEET, picaridin, and IR3535, a concentra-
tion of at least 20% and for PMD 30% is recom-
mended. Most repellents can be used on children
aged >2months with the exception of OLE,
which should not be used on children aged
<3years. No additional precautions for using
registered repellents on children or pregnant or
lactating women are otherwise needed.33:3¢ It is
also important to remember that DEET can have
an unpleasant odor for some and can dissolve
plastic. In addition, the sunscreen and repellent
should be used as separate products and the sun-
screen should be applied first.

The Environmental Protection Agency reviews
and approves repellents based on efficacy and
human safety. A repellency awareness graphic is
available on the labels of insect repellents. More
information is available on the following website:
www.epa.gov/insect-repellents/repellency-
awareness-graphic.

Chemoprophylactic agents
Please refer to Table 1 for doses and schemes
used for the different drugs.

Atovaquone/proguanil

Atovaquone inhibits the parasitic electron trans-
port. Proguanil is metabolized through CYP2C19
to cycloguanil, which acts a parasitic dihydro-
folate reductase inhibitor.3” The drug’s synergis-
tic effect is caused by proguanil’s ability to
increase atovaquone activity to collapse the mito-
chondrial membrane potential.?® Atovaquone is
poorly absorbed, with bioavailability reaching
23% when taken with food. It is extensively pro-
tein bound (>99%) and is primarily (94%)
hepatically eliminated with limited metabolism. It
has a half-life of 55.9h with multiple doses.3”
Proguanil is extensively absorbed regardless of
food with a bioavailability of 60-75%. Approx-
imately 40-60% of proguanil is excreted renally
with a half-life of 12-21h.38

Studies have shown a 96-100% protection effi-
cacy against P. falciparum. The medication is well
tolerated with the most common side effects
reported being abdominal pain, nausea, vomiting,
and headache. Abbreviated regimens have been
examined in an attempt to improve compliance.
The doses used for the treatment of malaria (four
tablets daily for 3 consecutive days) provides pro-
tection against malaria for >4weeks. A study
done in Australia examined the efficacy of this
regimen in adults traveling to malaria-endemic
areas with low-to-medium risk for up to 4weeks.
Most participants complied with the regimen,
although 43.3% reported side effects. No traveler
developed malaria, although the study was not
designed and did not have the statistical power to
determine effectiveness.3® An observational study
designed to detect prophylactic failure with a
twice-weekly regimen of atovaquone/proguanil
among long-term expatriates (=6months) in
West Africa found no cases of malaria. In com-
parison, the malaria rates were 11.7/1000 person-
months in the group taking no prophylaxis, and
2.06/1000 person-months in the group taking
weekly mefloquine.4® Other investigators have
examined and concluded that discontinuation of
the medication 1day after return as opposed to
the 7 days did not alter efficacy.#! Despite these
promising results, a modified regimen of
atovaquone/proguanil needs to be supported by
more robust data from clinical trials with a larger
sample size and higher-risk destinations.*2

Doxycycline

Doxycycline inhibits protein synthesis by binding
to the 30S ribosomal subunit. Doxycycline may
also inhibit dihydroorotate dehydrogenase, a
mitochondrial enzyme involved in pyrimidine
synthesis.*> Doxycycline is almost completely
absorbed in the duodenum with a bioavailability
of 95%. Food decreases absorption by 20%. The
volume of distribution is 0.71/kg with protein
binding of 82-93%. It achieves high concentra-
tions in the liver and it is excreted unchanged
with 35-60% in the urine and the rest in feces.**

Doxycycline has an efficacy between 92% and
96% for P. falciparum and 98% for primary P.
vivax infection. The most common side effects
are photosensitivity, nausea, vomiting, and an
increased frequency of vaginal yeast infections.%>
The medication should be taken with at least 8 oz
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of water while in an upright position and not just
before going to bed, to avoid esophagitis.
Doxycycline monohydrate or enteric-coated dox-
ycycline hyclate are better tolerated than generic
doxycycline hyclate. It is also common practice
to prescribe 150mg of fluconazole for women
that intend to use the medication as a standby
treatment for vaginal candidiasis. There are
insufficient data to make recommendations
regarding the interchangeability between doxycy-
cline and minocycline for this indication.
Minocycline should be stopped 1-2 days before
travel for those taking it chronically and be
replaced with doxycycline. The minocycline can
be resumed once the course of doxycycline has
been completed.>

Mefloquine

The exact mechanism of action is unknown but
protein synthesis inhibition has been hypothe-
sized.*6 Mefloquine is well absorbed with a bioa-
vailability of 87-89%. It has high protein binding
of 98%, with a mean volume of distribution of 22
1.47 Mefloquine is metabolized by CYP3A4 into
carboxymefloquine, an inactive metabolite.*8 Its
terminal half-life is 14—-21 days with primarily bile
and feces elimination.’

Controversy has surrounded the use of this agent
due to its safety profile.4%:50 Mefloquine has been
associated with a lengthy list of side effects includ-
ing gastrointestinal discomfort, headache, and
dizziness. More severe neuropsychiatric side
effects such as visual disturbances, severe depres-
sion leading to suicide, sensory and motor neu-
ropathies, memory deficits, hallucinations,
aggression, seizures, psychosis, irreversible ver-
tigo, and encephalopathy have been reported.
The US Food and Drug Administration (FDA)
issued a black-box warning in 2013 about the risk
of neuropsychiatric side effects. In the US, any
traveler receiving a prescription for mefloquine
must also receive a copy of the FDA medication
guide, which can be found at https://www.access
data.fda.gov/drugsatfda_docs/label/2008/019
591s0231bl.pdf.>! The European Medicines
Agency updated the product information and
mandated that all European Union members
ensure that healthcare professionals are aware
and communicate to their patients the risk neu-
ropsychiatric and other adverse events. In addi-
tion, it was stipulated that only travelers without a
contraindication to the medication receive a

prescription and that the traveler carry an alert
card at all times.>?

The risk of developing severe or disabling neu-
ropsychiatric side effects ranges from 1/607 to
1/20,000 compared with a rate for chloroquine of
1/1181 to 1/13,600.59 Mefloquine is contraindi-
cated in the setting of allergy to the medication or
related compounds (e.g. quinine) or any excipi-
ent. Active or recent history of depression, gener-
alized anxiety disorder, psychosis, schizophrenia,
convulsions, cardiac conduction abnormalities
and treatment with halofantrine or ketoconazole
are also contraindications.>?

Mefloquine is an ideal chemoprophylactic agent
for long-term travelers, children, and pregnant
women, but due to the potential toxicities, it
should be reserved when other agents are con-
traindicated and for areas with high malaria risk
such as sub-Saharan African and parts of Oceania.

Chloroquine and hydroxychloroquine

Chloroquine and hydroxychloroquine’s exact
mechanism of action is unknown. They are
thought to concentrate in lysosomes and interfere
with parasitic processing of hemoglobin.53 Chlo-
roquine has a bioavailability of 89%. Hydrox-
ychloroquine has a bioavailability of 74%. The
pharmacokinetics of these drugs are complex,
with a large volume of distribution (greater than
50,000 1 has been reported), three-compartment
pharmacokinetics, and reported half-lives of over
100days. They both concentrate in the liver.
Approximately 23-38% is excreted unchanged in
the urine, 17-18% is excreted as metabolites in
the urine, with the remainder being excreted in
feces or stored long term in lean tissues.>*

The medication is well tolerated with the most
common reported side effects being gastrointesti-
nal disturbances, dizziness, blurred vision, insom-
nia, and pruritus. The medication can exacerbate
psoriasis, and although rare in the doses used for
prophylaxis, retinopathy can occur. The medica-
tion is safe in pregnancy.>!

Primaquine

The exact mechanism of action of primaquine is
unknown. Possible mechanisms are impeding
mitochondrial metabolism or oxidative stress. It
is rapidly absorbed with a plasma peak in 1-3h
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and a volume of distribution of 31/kg. It accumu-
lates in the brain, liver, skeletal muscle, lungs,
and heart. Primaquine is metabolized into car-
boxyprimaquine and other metabolites, by oxi-
dases and dehydrogenases. Less than 5% is
eliminated unchanged in the urine.>>

Primaquine phosphate has two roles in preven-
tion. It can be used as a causal prophylactic agent
against all Plasmodium spp. and for presumptive
anti-relapse therapy (PART), also known as ter-
minal prophylaxis, for P. vivax and P. ovale. The
dosing should overlap with the blood schizonti-
cide and therefore when chloroquine, doxycy-
cline, or mefloquine are used for primary
prophylaxis, primaquine is usually taken during
the last 2weeks of postexposure prophylaxis.
When atovaquone—proguanil is used for prophy-
laxis, primaquine may be taken during the final
7 days of atovaquone—proguanil, and then for an
additional 7 days. Primaquine should be given
concurrently with the primary prophylaxis medi-
cation. However, if that is not feasible, the pri-
maquine course in the form of terminal
prophylaxis should still be administered after the
primary prophylaxis medication has been com-
pleted.5¢ Terminal prophylaxis with primaquine
(or tafenoquine, see below) is particularly impor-
tant for long-term travelers returning from highly
endemic areas of P. vivax transmission in the
Pacific Islands (i.e. Papua New Guinea, Vanuatu,
and Solomon Islands) or among those returning
from countries that constitute the Horn of Africa.

The efficacy for prophylaxis is considered to be
over 85% against P. falciparum and P. vivax and
around 95% when used for PART. The most
common side effects are abdominal pain, nausea,
and vomiting. Severe hemolysis in persons with
glucose-6-phosphate-dehydrogenase (G6PD)
deficiency and methemoglobinemia can occur.
The medication is contraindicated in the setting
of G6PD deficiency, nicotinamide dehydroge-
nase methemoglobin reductase deficiency, preg-
nancy, known hypersensitivity to primaquine,
and illnesses that manifest with tendency for
granulocytopenia. A G6PD testing should be per-
formed before use of the medication.>®

Tafenoquine

Tafenoquine’s exact mechanism of action is
unknown. Mitochondrial dysfunction leads to
Plasmodium spp. death. Absorption is slow and

increased with a high-fat meal. It is extensively
(>99.5%) protein bound with a volume of distri-
bution of 16001. The terminal half-life is 15 days.
It is thought to be excreted unchanged, but com-
plete information on excretion is unknown.>?

Tafenoquine succinate is formulated as either a
100mg or 150mg tablet. The medication has
been approved by the FDA and in Australia for
the primary prevention of malaria for persons
aged =18years and for the radical cure of P. vivax
in persons older than 16years of age.>”° It is
important to note that the medication is approved
in two separate formulations from two different
manufacturers. The 60° Pharmaceuticals manu-
facture Arakoda® and Kodatef® for causal proph-
ylaxis in the US and Australia, respectively. In a
partnership with Medicines for Malaria Venture,
GlaxoSmithKline (GSK) manufactures Krintafel®
and Kozenis® for radical cure of P. vivax, also in
the US and Australia, respectively. Tafenoquine
is also licensed for PART. For P. ovale, tafeno-
quine can be used off label for radical cure.®0-62

Tafenoquine has only been studied for radical
cure of P. vivax malaria when used with chloro-
quine, and the medication should therefore be
co-administered with chloroquine only. CDC
continues to recommend the off-label use of
tafenoquine for radical cure of P. ovale and like
with P. vivax, it should be co-administered with
chloroquine only.

Tafenoquine has a half-life of approximately
2 weeks allowing weekly administration for pri-
mary prophylaxis after a loading dose and one
dose when used for radical cure. When used for
primary prophylaxis, the medication is taken at
a dose of 200 mg daily for 3 days prior to travel,
weekly during travel, and then once after return.
The last dose should be taken 7 days after the
last maintenance dose while in the malaria-
endemic area. For the radical cure of P. vivax,
the dose is 300 mg once.>7-58 The efficacy of the
medication for causal prophylaxis varies between
86% and 100%. The malaria recurrence-free
rate at 6 months ranges from 62% to 89%.58

The medication is contraindicated in G6PD-
deficient individuals. Quantitative G6PD testing
(rather than qualitative, which is usually appropri-
ate for primaquine use) is required, which might
logistically be difficult to accomplish for last-minute
travelers.%3% The medication is contraindicated in
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pregnancy and in breastfeeding women if the infant
has G6PD deficiency or if the infant’s G6PD sta-
tus is unknown. Its safety in children has not been
established.>®

Malaria standby emergency treatment [SBET)

The concept describes the self-administration of
emergent malaria treatment brought from the
country of origin for use when no medical atten-
tion is available or for use after the diagnosis has
been established. The topic is controversial and
the appropriate setting for its use varies according
to different national guidelines.®> There is great
variation in the proportion of travelers that appro-
priately use this strategy as response to the devel-
opment of fever which is of primordial importance
given the life-threatening nature of the disease.%%

For travelers taking chemoprophylaxis and for
whom SBET is prescribed, the drug that is being
used for chemoprophylaxis should not be used for
treatment. Once treatment is completed, chemo-
prophylaxis should be resumed. If atovaquone/
proguanil is being used, it can be resumed imme-
diately after treatment. If another agent is being
used, it can be resumed 1 week after completion of
treatment. Atovaquone/proguanil and artemether/
lumefantrine, two regimens approved in the US,
can be used for SBET. Artemether/lumefantrine
can be used during pregnancy.®’-°®¢ The medica-
tions should be bought and taken from the coun-
try of origin, given the high rates of counterfeit in
malaria-endemic countries.’! Mefloquine should
be avoided for this indication given the potential
toxicity. In addition, artemether/lumefantrine
should not be used for SBET if mefloquine is
being used for chemoprophylaxis.’! Other regi-
mens such as the combination of doxycycline and
quinine require multiple doses which are fre-
quently associated with side effects.

SBET alone can be considered if traveling to low
malaria transmission areas such as most of south-
east Asia and South America. If possible, SBET
should only be considered when traveling to
remote areas where medical attention is ham-
pered by a lack of medical services, or quality
medications and access to a medical evaluation is
not readily available within 24 h.%5 It is important
to emphasize to the traveler that the development
of fever requires immediate evaluation regardless
of SBET use.

Vaccine

Vaccines have not been approved for the preven-
tion of malaria among travelers. The RTS,S/AS01
vaccine has been studied in two phase III trials in
Africa with ages ranging from 5-17 months.®%-7!
The largest malaria vaccine trial done in Africa
included 15,459 infants and young children and
showed that the vaccine prevented 39% of cases of
malaria and 29% of cases of severe malaria over a
4-year follow-up period. For those that received
four doses, 1774 cases of malaria were prevented
for every 1000 children vaccinated. Efficacy waned
with time.% A recommendation to include the vac-
cine in the national immunization programs has
not been made, and a pilot study is currently under-
way in Ghana, Kenya, and Malawi.”?2 Although
vaccines can have a great impact in achieving the
goals of malaria eradication, further research is
needed to be considered ideal for travelers.”

Choosing an antimalarial agent for
chemoprophylaxis

The choice of a chemoprophylactic agent (Tables
2—4) requires consideration of several factors such
as the travel destination, layovers, season, length
of travel, traveler’s health, potential side effects
and medication interactions, preference, and cost.

P. falciparum has developed resistance to all anti-
malarials, and knowledge about its geographic

Table 2. Cost of malaria chemoprophylaxis for adults
for one week of travel, including required pre- and
post-travel dosing. Prices obtained from GoodRx
(https://www.goodrx.com/).

Cost of malaria chemoprophylaxis for adults

Atovaquone/proguanil $24.05
Doxycycline $13.93
Meflogquine $20.84
Chloroquine phosphate $31.92
Hydroxychloroquine sulfate $6.93
Primaquine $33.59
Tafenoquine (Arakoda® in the US) $279.52"

*Arakoda pricing based on 16-dose pill pack and exceeds
the number of tablets needed for 1week of travel.
US, United States.
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Table 3. Advantages and disadvantages of malaria chemoprophylaxis.

Drug Advantages Disadvantages

Atovaquone/proguanil Effective in all areas Cannot be taken with renal dysfunction
Option for last-minute travelers Cannot be taken by women who are pregnant,
Appropriate for travelers who prefer daily or breastfeeding children <5kg
medication Cost
A suitable option for short trips
Can be taken by children >5kg
Well tolerated

Doxycycline Effective in all areas Cannot be taken by children <8years of age
Option for last-minute travelers Cannot be taken in pregnancy
Appropriate for travelers who prefer daily  Can cause photosensitivity, vaginal yeast
medication infections, and gastrointestinal upset
Available in most countries Must be taken 4weeks after travel completion
Can prevent other travel-related illnesses

Mefloquine Appropriate for travelers who prefer Can only be used in areas with mefloquine

Chloroquine phosphate

Hydroxychloroquine sulfate

Primaquine

Tafenoquine (Arakoda® in the US)

taking weekly medication
Useful for long trips

Can be used in pregnancy
Can be taken by children

Appropriate for travelers who prefer
taking weekly medications

Useful for long trips

Can be used in pregnancy

Can be taken by children

Appropriate for travelers who prefer
taking weekly medication

Useful for long trips

Can be used in pregnancy

Appropriate for travelers who prefer
taking daily medications

A suitable option for short trips

Option for last minute travelers if G6PD
testing is available

Effective in all areas

Option for last minute travelers if G6PD
testing is available

Appropriate for travelers who prefer
weekly medication

A suitable option for short trips

sensitivity

Not an attractive option for last-minute
travelers

Cannot be used in psychiatric conditions,
seizure disorder, or cardiac abnormalities

Can only be used in areas with chloroquine
sensitivity

Not an attractive option for last-minute
travelers

May exacerbate psoriasis

Can only be used in areas with chloroquine
sensitivity

Not an attractive option for last-minute
travelers

Can be used in areas with principally
Plasmodium vivax

Cannot be used in pregnancy and lactation
Cannot be used in travelers with G6PD
deficiency

Can causes gastrointestinal upset

Cannot be used in children
Contraindicated during pregnancy and
lactation, unless the infant being breastfed
has a documented normal G6PD

Cannot be used in travelers with G6PD
deficiency

Cannot be used in psychiatric conditions
Expensive

G6PD, glucose-6-phosphate dehydrogenase; US, United States.

distribution is important in decision making.>!:7>
Resistance to chloroquine was first observed in
southeast Asia and South America in the 1950s and
subsequently spread to most parts of the world
excluding the Caribbean and Central America,
west of the Panama Canal.”® Resistance is the result

of a point mutation in the PfCRT protein that
localizes to the digestive vacuole of the Plasmodium
spp. This results in the inability of chloroquine to
concentrate within the digestive vacuole and form
complexes with toxic heme moieties that interfere
with detoxification mechanisms.?7-80
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Table 4. Drug interactions with malaria
chemoprophylaxis agents.’

Drug Interactions
Atovaquone/ Anti-retrovirals (e.g.
proguanil efavirenz, ritonavir,

saquinavir, indinavir)
Rifamycins
Tetracycline
Metoclopramide
Warfarin

Doxycycline Antacids
Bismuth subsalicylate
Oraliron
Rifampin
Anti-epileptic medications
(e.g. carbamazepine,
phenytoin, phenobarbital)
Warfarin

Methotrexate

Mefloquine Medications that affect
cardiac conduction (e.g.
digoxin, B-blockers,
amiodarone)

Anti-epileptic medications
(e.g. carbamazepine,

phenobarbital,
levetiracetam)

Rifampin
Ketoconazole
Warfarin

Chloroquine Antacids
phosphate

Cyclosporine

Tamoxifen

Anti-retrovirals (e.qg. ritonavir)
Antipsychotics (cisapride,
dronedarone)
Antidepressants (e.g.

citalopram, escitalopram,
fluoxetine, tricyclics)

(continued]

Table 4. (continued)

Drug Interactions

QT-prolonging medications
Carbamazepine
Praziquantel

Thyroxine

Hydroxychloroquine Antipsychotics
sulfate

Medications that affect
cardiac conduction (e.g.
digoxin, B-blockers,
amiodarone)

Fluoroquinolones

Cyclosporine

Tamoxifen
Primaquine Antipsychotics

Medications that affect
cardiac conduction, e.g.
(digoxin, B-blockers,
amiodarone)

Tafenoquine Cisplatin
(Arakoda® in the
us)

Oxaliplatin

Metformin

B-blockers, beta blockers; US, United States.

Resistance of P. viwvax to chloroquine was docu-
mented in 1989 when Australians repatriated from
Papua New Guinea failed routine treatment.8!
Subsequent reports from Indonesia, Myanmar,
and India corroborated findings.82 The cause of
resistance in P. viwax remains elusive due to the
nature of the parasite’s dormant phase in the liver,
low parasitemia, and difficulty in distinguishing
relapse, recrudescence, and reinfection.83

Special populations

Infants, children, and adolescents

Prevention recommendations for malaria in chil-
dren are similar to that in adults and include
assessment of risk based on travel itinerary,
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education of mosquito avoidance, determination
of chemoprophylaxis, and educating parents to
seek early medical care if fever develops during or
soon after travel.84 All chemoprophylactic agents
used in adults, with the exception of tafenoquine,
are available for children. There are several obser-
vations to remember: atovaquone/proguanil
should not be administered to children weighing
less than 5kg and doxycycline in those younger
than 8years of age. The product’s label should be
carefully followed for pediatric dosing of malarial
chemoprophylaxis. Due to difficulty in pediatric
dosing, pulverizing tablets into specified dosing
can be done, with the assistance of a pharmacist.
Due to bitter taste, medications can be mixed
into or crushed into food. Specific contraindica-
tion for use of repellents in children was described
earlier in this document.

Pregnancy and breastfeeding

Pregnant women are particularly susceptible to
malaria infection due to immunologic changes
that occur during pregnancy. P. falciparum can
concentrate in the placenta and lead to miscar-
riage, stillbirth, preterm birth, and low birth
weight.85-87 Congenital infection with detectable
parasitemia from 24h to 7days of life is another
important complication.88-90

Pregnant women should be advised not to travel,
if at all possible, as no chemoprophylactic regi-
men is 100% effective. For women that chose to
travel to a malaria-endemic region, emphasis on
mosquito avoidance measures and chemoprophy-
laxis should be provided. In the US, malaria
chemoprophylaxis in pregnancy is limited to
mefloquine and chloroquine.

In some countries, atovaquone/proguanil is used
for either treatment or prophylaxis of malaria dur-
ing pregnancy. Although the available safety data
for its use in pregnancy are reassuring, well-estab-
lished trials are needed before a definite recom-
mendation can be made.?1:92 Doxycycline is also
used during the first trimester in several European
countries if there are compelling reasons for
chemoprophylaxis and if no alternative is availa-
ble. It is important to remember that doxycycline
needs to be administered for 4 weeks after return
from a malaria-endemic region.®3

In all women of childbearing age, plans for con-
ception during travel should be discussed. All

breastfeeding mothers should be counseled that
maternal use of chemoprophylaxis does not pro-
vide protection to a breastfed infant, as only a lim-
ited amount of medication is secreted in the
breastmilk. All chemoprophylactic agents can be
administered to breastfeeding mothers except pri-
maquine and tafenoquine, unless G6PD deficiency
has been excluded in both the mother and
newborn.

Immunosuppressed travelers

Immunosuppressed patients, including those
with human immunodeficiency virus (HIV), are
more likely to develop severe malaria.?2 Immuno-
suppressed travelers should be provided chem-
oprophylaxis similarly to those who are
immunocompetent, with additional considera-
tion of the possibility of drug interactions.

Interactions with malaria prophylaxis are primar-
ily seen with cancer-related therapies, anti-rejec-
tion medications used after transplantation, and
medications used to treat HIV (Table 4). Drug
interactions related to anti-retrovirals can be
checked on the University of Liverpool HIV Drug
Interactions website (https://www.hiv-druginter-
actions.org/). Typical cancer-directed therapies
that can result in interactions include the use of
tamoxifen with chloroquine that results in an
increased risk of retinopathy, increased levels of
platinum-based chemotherapies with tafeno-
quine, and increased levels of methotrexate when
used with doxycycline. In those who have under-
gone transplantation, chloroquine can increase
cyclosporine levels. In travelers with HIV, inter-
actions occur primarily with protease-inhibitor-
based regimens and with some non-nucleoside
reverse-transcriptase inhibitors such as efavirenz,
nevirapine, and etravirine.”4%4

Long-term travelers

A long-term traveler is a person visiting a malaria-
endemic region for longer than 6 months. Long-
term travelers represent a high-risk group, as they
tend to underuse personal protective equipment
and adhere poorly to anti-malaria prophylaxis.32

Chloroquine has a good safety record for the
treatment of rheumatologic conditions, suggest-
ing it can be used for long-term malaria prophy-
laxis. For long-term use (>5 years) of chloroquine,
a baseline eye examination with bi-annual follow
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up is recommended to screen for potential retinal
toxicity.5! Long-term mefloquine use is shown to
be safe. Tolerability has been variable and related
to neuropsychiatric events that usually occur early
in the course of prophylaxis.32:95:96 Atovaquone/
proguanil has been used up to a duration of
34weeks with good tolerability, with diarrhea
being the primary side effect.®”

The tolerability of doxycycline was evaluated in a
study of 600 military personnel in Cambodia for
lyear and 900 men deployed to Somalia for
4months. The medication was well tolerated,
with gastrointestinal events and photosensitivity
being the most common reported side effects.®8
Another study with 228 US Peace Corps volun-
teers who took doxycycline prophylaxis for an
average of 19 months showed a similar side-effect
profile.®® Doxycycline is approved by the FDA for
a duration of 4months. The use of primaquine
for up to 52 weeks is safe with mild non-clinically
significant methemoglobinemia being the most
common side effect.100

Relapse prevention

PART is an intervention used to eradicate the
quiescent liver hypnozoites of P. vivax or P. ovale
with medications such as primaquine and tafeno-
quine. Primaquine is FDA approved at a dose of
0.25mg/kg (15mg base) daily for 14 days.>! The
World Health Organization guidelines recom-
mend a higher dose of primaquine (0.5 mg/kg or
30 mg base daily for 14 days) for strains of P. vivax
acquired in East Asia and Oceania,!?! and CDC
recommends the higher dose regardless of geo-
graphic site of acquisition.?! Tafenoquine should
be administered as a single 300mg dose and it
should ideally overlap with blood-stage treatment
or the last dose of prophylaxis. If this is not feasi-
ble, tafenoquine may be taken as soon as possible
afterward.%?

The use of PART is appropriate for travelers that
have visited P. vivax-endemic areas, even if P. fal-
ciparum is present, and especially for prolonged
stays.>° It is important to remember that if either
primaquine or tafenoquine are used as prophylac-
tic agents, PART is not needed.

There are several important caveats with the use
primaquine. Adherence to a 14-day course is
poor, and life-threatening hemolytic reactions

may occur if G6PD deficiency is not recognized.
To address the first limitation, two randomized
controlled trials in G6PD-normal patients com-
pared a shorter primaquine regimen consisting of
1 mg/kg day for 7 days with high-dose primaquine
for 14 days. Both studies showed no difference in
efficacy between the 7-day and 14-day course.
However, there were more side effects reported in
the 7-day arm in one of the studies.102,103

Blood donation

Transfusion-transmitted malaria was  first
described in the turn of last century and is an
important form of transmission in malaria-
endemic areas.!% A recent review concluded that
the median worldwide prevalence of malaria par-
asitemia in healthy blood donors was 10.54% by
microscopy, 5.36% by molecular techniques, and
0.38% by rapid diagnostic tests.19

Storage of blood under refrigeration is deleterious
to Plasmodium spp. Refrigeration at 4°C decreases
parasitemia rapidly, nonetheless Plasmodium falci-
parum has been shown to survive in stored whole
blood or plasma at this temperature for approxi-
mately 18days and can remain microscopically
detectable for up to 28 days when frozen but with
diminished infectivity.100

The incubation period of transfusion-transmitted
malaria is longer than mosquito-transmitted
malaria which could lead to a lack of suspicion
and delay in the diagnosis of the disease; espe-
cially in non-endemic regions.'%¢ A study that
examined transfusion-transmitted malaria in the
US between 1963 and 1999 found that the
median incubation period was 10 days but ranged
from 1 to 180days.197

As of April of 2020, the FDA recommends that
non-resident travelers of an endemic country or
those who are residents of an endemic country
but have lived in a non-endemic region for more
than 3 consecutive years and are returning from
malaria-endemic areas defer blood donation for
3 months after arrival as opposed to 1year as was
previously recommended. This group does not
necessarily need to defer donation, as pathogen
reduction techniques could be used and allow the
collection of components from otherwise-eligible
donors. For former residents of malaria-endemic
regions that have lived in a non-endemic region
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for less than 3 consecutive years and for people
that have been diagnosed with malaria, donation
of blood products should be deferred for 3 years,
and this recommendation remains unaltered in
the most recent update.108

Conclusion

The prevention of malaria in travelers continues
to be challenging. A multitude of factors deter-
mine the risk of malaria acquisition among travel-
ers. The knowledge of such factors and the
available preventive measures are of vital impor-
tance in being able to provide evidence-based rec-
ommendations to travelers. This knowledge
should not be restricted to specialized travel med-
icine professionals as a significant percentage of
travelers seek attention from general practition-
ers. It is therefore imperative for practitioners to
be familiar with the most recent guidance and
available resources (e.g. internet based, special-
ized travel clinics available in the community,
etc.) to be able to provide safe, effective, and
affordable care to the traveler.
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