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IMalaria Prophylaxis in

Holly D. Maples, PharmD,* Gordon E. Schutze, MD*

After completing this article, readers should be able to:

1. Differentiate among the four species of Plasmodium.

w N

chloroquine-resistant malaria.

e

. Recognize the life cycle stages of the malaria parasite.
. Identify the geographic areas endemic for chloroquine-sensitive and

Identify the appropriate chemoprophylactic regimen(s) for malaria in areas

with and without chloroquine resistance.

o

cycle of the parasite.

Recognize the site of action of the chemoprophylactic agents in the life

6. List nonchemoprophylactic prevention strategies for malaria.

Case Report

An 8-year-old givl weighing 25 ky pre-
sented at the clinic with a 2-day history
of fever, chills, malaise, fatigue, cough,
and one episode of vomiting. The child
had been born in Nigeria, immi-
grated to the United States at the age
of 2 years, and just veturned 5 days ago
from a 3-week visit to Nigeria with her
parvents. Two weeks priov to travel, the
entive family had been prescribed
weekly chloroquine for malaria chemo-
prophylaxis. The girl bad taken the ini-
tinl 250-my dose of chloroquine and
subsequently had followed the weekly
regimen; she took the last dose the day
she presented to the clinic. The clini-
cian initially diagnosed the girl with
an upper respiratory tract infection
along with nawusea and vomiting and
prescribed an oral cephalosporin anti-
biotic and an antiemetic agent. How-
ever, the girl’s symptoms continued,
and 4 days later she collapsed, was
transported to a local hospital, and
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died in the emergency department. Ex-
amination of a peripheral blood film
on stoved blood from the clinic visit
and a film from blood taken in the
emergency department demonstrated
Plasmodium falciparum  parasites.
A blood sample taken postmortem re-
vealed a chlovoquine level of 1,800 ng/
mL whole blood, a level consistent with
recent ingestion of chloroquine and
sufficient to inhibit P falciparum par-
asites sensitive to the druyg.

Introduction

Malaria is the world’s most impor-
tant and devastating parasitic disease,
affecting more than 300 million peo-
ple worldwide annually. The inci-
dence of malaria has increased over
the past 20 years, which has resulted
in more than 3,000 pediatric deaths
per day. Malaria now represents the
leading cause of mortality among
children older than 5 years of age in
Africa. More than 10,000 cases were
reported in United States civilian
travelers from 1985 to 2001. More
than 1,300 cases were reported in
2002, and all but 5 of these cases
were found in immigrants. It is esti-
mated that 20% of these cases oc-
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curred in patients younger than 18
years of age.

Although good preventive mea-
sures are available, the appearance
and spread of resistance combined
with an increased number of travelers
worldwide may be responsible for the
increase in malaria cases. In areas
where malaria is not endemic, such as
the United States, health-care practi-
tioners frequently are unfamiliar with
the appropriate preventive measures
as well as the disease symptoms, re-
sulting in suboptimal chemoprophy-
laxis and delays in diagnosis and
treatment. Almost all fatal cases of
imported malaria are preventable,
but because of inadequate chemo-
prophylaxis, missed diagnosis, or
noncompliance by the traveler, death
has been the result. This article is an
overview of the current approach to
preventing malaria, specifically in
children, with recommendations
based on the increase in drug resis-
tance in endemic malarial regions
and the drugs’ site of action in the life
cycle of the parasite.

The Parasite

Four species of the genus Plasmo-
diwm are known to infect humans
through transmission by anopheline
mosquitoes: P falciparum, P vivax,
P ovale, and P malarviae. P falcipa-
rum, which is associated with the
greatest morbidity and mortality,
and P vivax are responsible for more
than 90% of all reported malarial
cases. Increased drug resistance of P
falciparum and a growing resistance
of P vivax make choosing the appro-
priate chemoprophylactic regimen
challenging.

In addition to the issue of resis-
tance, another challenge is providing
a chemoprophylactic regimen that
covers both stages of the life cycle of
the parasite in humans. The first
stage occurs in the liver, where the
parasites multiply in hepatocytes un-
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til they rupture. The second stage
occurs when the parasites are re-
leased into the bloodstream, invade
the erythrocytes, and cause clinical
symptoms. If the parasite stays in a
persistent liver stage, clinical symp-
toms can recur months to years later.
Both P pivax and P ovale are associ-
ated with persistent liver stages and,
thus, with late-onset illness (eg,
months after return from an endemic
area), especially if the chemoprophy-
lactic regimen included drugs that
affected the parasite life cycle only at
the blood stage. When considering
the appropriate chemoprophylactic
and treatment regimen, it is impor-
tant to keep in mind that the species
of Plasmodinm most likely involved
is based on travel location, the issue
of resistance, and the life cycle of the
parasite.

Endemic Areas

Malaria is endemic in more than 100
countries, and more than 40% of the
people in the world are at risk. Large
arcas of Central and South America,
Haiti, the Dominican Republic, Af-
rica, the Middle East, the Indian sub-
continent, Southeast Asia, and Oce-
ania are considered endemic areas.
The current guidelines for chemo-
prophylaxis divide these endemic
areas into two zones: 1) chloroquine-
sensitive P falciparum and 2) chloro-
quine-resistant P falciparum. Due to
the increase in resistance of P falcipa-
rum, it is advised that before select-
ing the appropriate chemoprophy-
lactic drug regimen, the physician
check either of the following Web
sites for up-to-date information
about country-specific malaria risk:
1) Centers for Disease Control and
Prevention (www.cdc.gov/travel) and
2) World Health Organization (www.
who.int/ith/). Currently, resistance
to chloroquine has been confirmed
in all areas that harbor P falciparum
except for the Dominican Republic,

Haiti, Central America west of the
former Panama Canal Zone, Egypt,
and some countries in the Middle East.
Unfortunately, knowing the chlo-
roquine sensitivity of P falciparum is
only half the battle. It also is impor-
tant to know if the country has a
substantial amount of malaria caused
by either Pvivaxor Povale to know if
the chemoprophylactic drug regimen
should include an agent that covers
the parasite liver stage. In endemic
areas such as sub-Saharan Africa,
where P falciparumis responsible for
greater than 90% of infections, a non-
chloroquine drug regimen covering
the parasite blood stage is appropri-
ate. However, if travel is in Ethiopia
or Somalia, a nonchloroquine drug
regimen covering the parasite liver
stage is preferred due to the risk of
infection by both P falciparum and
P ypipax. Prior to prescribing a che-
moprophylactic regimen, the clini-
cian should refer to either of the pre-
viously noted Web sites for the most
complete information on the types of
malaria in the country of travel.

Chemoprophylactic Drug
Regimens

Once the geographic area has been
defined in terms of chloroquine resis-
tance and predominant Plasmodinm
species, other factors, including fre-
quency of dosing and adverse effect
profiles, need to be explored. The
Table lists pediatric antimalarial che-
moprophylactic options based on
chloroquine sensitivity, including in-
formation on dose, duration, formu-
lation, adverse effects, and site of ac-
tion within the parasite life cycle.
Overall, the adverse effects of anti-
malarials are rare at the lower pro-
phylactic doses when compared with
long-term treatment doses. How-
ever, if a patient experiences intoler-
able adverse effects, he or she should
seck medical advice to discuss contin-
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consultation with the specialist
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uation of medications or a possible
change in regimen.

A limited number of liver-stage
chemoprophylactic agents are avail-
able; even more limited is clinical ex-
perience with their use in children.
Atovaquone/proguanil  has
found to be effective for treating
P falciparum in children and has
been shown to be effective and well
tolerated as a chemoprophylactic
agent against P falciparum. How-
ever, data on that combination for
prophylaxis or treatment of P yivax
are more limited. Headache and ab-
dominal pain are the most common
adverse events (13% each) in pediat-
ric patients taking prophylactic atova-
quone,/proguanil; these data have been
found to be comparable to a placebo
group. Primaquine has been used most
frequently for terminal prophylaxis or
for relapsing malaria. Several studies
have demonstrated its protective ef-
fects against both P falciparum and
P vivax in adults, with limited data
available for children. One disadvan-
tage of both agents is the need for daily
administration.

The development of new pre-
ventive agents that act on the liver
stage is underway. Tafenoquine, an
8-aminoquinolone (analog of prima-
quine), is undergoing clinical studies,
with its primary advantage being an

been
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extended elimination half-life of
14 days.

In general, all antimalarial drugs
are very bitter. To administer these
medicines to a child, it is recom-
mended that the tablets be crushed
and given with something sweet,
such as chocolate syrup, jelly, or a
creme-filled donut.

Other Prevention Strategies

Prevention of mosquito bites also
can decrease the risk of malaria and
other diseases spread by mosquitoes.
Long-sleeved cotton shirts and
pants should be worn during the
mosquito-biting period (dusk to
dawn). In addition to minimizing
skin exposure, application of insect
repellent containing no more than
20% to 30% DEET (N,N-diethyl-3-
methylbenzamide; formerly N,N-
diethyl-m-toluamide) to the exposed
skin can be highly effective. Caution
should be taken to avoid excessive
use of a high concentration (greater
than 30%) of DEET for children be-
cause of adverse reactions, including
encephalopathy, seizures, and rashes.
DEET-containing products, there-
fore, should be used according to the
product label. Other preventive mea-
sures include using window screens
and bed nets and applying per-

methrin, an insecticide, to clothing
and bed nets.

Conclusion

Although effective chemoprophy-
laxis of malaria is available, it is not
100% effective, especially in the pres-
ence of noncompliance and even
with adequate drug levels, as was
seen in the case presented. Whenever
a patient presents with fever and a
history of traveling to a malaria-
endemic area, the health-care practi-
tioner’s working diagnosis must in-
clude malaria until proven otherwise.
Additionally, evaluation and treat-
ment of malaria should be consid-
ered a medical emergency, even if the
patient appears stable.
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PIR Quiz

Quiz also available online at www.pedsinreview.org.

13. Malaria always should be considered as a possible diagnosis for a child who has a fever after returning
from living in an endemic malarial area. Two species of Plasmodium may cause malarial relapse months to
years after children have returned from their stay and after having completed their antimalarial
prophylaxis. The body site most likely to harbor these malarial parasites, which can result in late relapses,
is the:

Blood.

Central nervous system.
Liver.

Lungs.

Lymph nodes.

moow>

14. The treatment and prophylaxis of malaria involves a number of different drugs, with selection of the
optimal drug based on the types of malaria in the country being visited, the rate of chloroquine
resistance, and the potential for drug reactions or adverse effects. The antimalarial drug that is most likely
to result in psychosis is:

A. Atovaquone/proguanil.
B. Doxycycline.
C. Mefloquine.
D. Primaquine.
E. Tafenoquine.

15. A medical missionary and his family have volunteered to work in Haiti for the next year. The risk of
malaria is of concern to this family. Which of the following prophylaxis regimens are you most likely to
recommend?

A. Chloroquine 1 week prior to their departure, weekly during their stay, and weekly for 4 weeks after
their return.

Doxycyline daily during their stay.

Primaquine for 2 weeks at the end of their trip.

Trimethoprin-sulfamethoxazole daily during their stay.

Weekly mefloquine during their stay and for 4 weeks after their return.

mS 0w
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