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Pediatric Malaria
Malaria is present in all continents except Antarctica and has led to significant 

human illness and death. Children account for the majority of malaria deaths globally, 
making malaria a significant contributor to childhood mortality worldwide. Malaria is 
a mandatory consideration for children with fever who are returned travelers, since the 
dis ease process can lead to significant mortality and rapid clinical decline. The authors 
provide an update and current state of care for malaria in the pediatric population.

— Ann M. Dietrich, MD, FAAP, FACEP, Editor

Introduction
From its prehistoric origin as a parasitic disease of the nonhuman primates of 

Africa through to the present day, the malaria parasite and its vector, the Anopheles 
genera of mosquitoes, have infested all the continents except Antarctica and have led 
to a massive toll of human illness and death.1 To date, the disease is endemic in 89 
countries, mainly in Africa, Asia, and the Americas. The most affected region is Africa, 
with the vast majority of cases occurring in sub-Saharan Africa, which accounts for 
94% of the global burden of disease.2 In 2019, children younger than 5 years of age 
accounted for 67% (274,000) of malaria deaths globally, making malaria a significant 
contributor to childhood mortality worldwide.2,3 

Malaria is a mandatory consideration in fever in returned travellers, since the dis-
ease process can lead to significant mortality and rapid clinical decline. Understanding 
the pathophysiology, clinical presentation, and unique challenges of malaria in the 
pediatric population is critical to making the diagnosis, instituting appropriate life-
saving therapy, and developing strategies for control and prevention.

Ecology
The female Anopheles mosquito is the vector for all species of malaria and is found 

across tropical and temperate climates spanning from North America to the South 
Pacific and Africa.4 (See Figure 1.) Many factors affect the suitability of a given species 
of Anopheles as a vector for malaria parasites, and the incidence of malaria infection 
in a given region is at least partially dependent on these factors. Species of Anopheles 
mosquitoes have varying degrees of immunity against infection by Plasmodium species, 
directly impacting the suitability of said mosquitoes as a vector for malaria transmis-
sion.4 Furthermore, the lifespan of an Anopheles mosquito is directly related to its abil-
ity to function as a vector for malaria. Mosquitoes that live shorter lives have a lower 
chance of being infected than mosquitoes that live longer. Therefore, shorter-living 
mosquitoes are less likely to transmit malaria infection. Additionally, the malaria 
parasite requires approximately seven to 10 days to complete the mosquito (extrinsic) 
portion of its development before being capable of infecting a new host. The smaller 
the population of Anopheles mosquitoes that live this long, the smaller the population 
capable of infecting a new human host, even if the mosquito is infected.5,6

The female Anopheles seeks out a blood meal principally to provide nutrition to 
eggs that she lays every two to three days.5 Feeding behaviors vary among different 
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EXECUTIVE SUMMARY
 z The vast majority of severe malaria results from infection with 

Plasmodium falci parum, although all species of malaria may 
cause significant clinical symptoms and, potentially, serious 
disease in children with preexisting disease or impaired 
immune function. P. falciparum is the most com mon form of 
malaria in Africa, account ing for more than 99% of cases and 
more than 50% of cases in Southeast Asia. Plasmodium vivax is 
the most common cause of malaria infection in the Americas, 
responsible for ~75% of cases. Plasmodium knowlesi recently 
has been shown to be responsible for a portion of human 
infec tion in Indonesia — and likely elsewhere.

 z The majority of severe disease results from infection with  
P. falciparum, although P. vivax is a significant cause of severe 
anemia and mortality in Southeast Asia.

 z Malaria infection occurs when an individual is bitten by an 
infected female Anopheles mosquito. The mosquito injects 
the malaria parasites in the form of spo rozoites into human 
blood. Once in the bloodstream, sporozoites make their 
way to the liver, where they undergo asexual reproduction 
over the course of seven to 10 days. In the hepatic cells, the 
parasite forms a liver schizont, which matures and releases 
merozoites into the bloodstream. In cases of P. vivax and 
Plasmodium ovale infections, the parasite may form a dormant 
hypnozoite phase in the liver, which then may cause recurring 
infection potentially weeks to years after the initial infection. 
These merozoites then invade erythrocytes, where they may 
develop into a ring trophozoite stage, forming an erythrocytic 
schizont phase. This erythro cytic schizont phase then releases 
its own merozoites, eventually leading to lysis of red blood 
cells (RBCs), releasing more merozoites and leading to 
symptomatic disease and, potentially, severe hemolysis. 

 z The duration of the erythrocytic portion of the malarial life 
cycle determines the periodicity of fever, which occurs every 

72 hours in Plasmodium malariae infection (quartan fever) and 
every 48 hours in P. falciparum, P. vivax, and P. ovale infection 
(tertian fever).

 z The World Health Organization (WHO) defines severe malarial 
anemia as a hemoglobin concentration of less than 5 mg/dL 
(hematocrit less than 15%) with a parasitemia of greater than 
10,000 parasites/μL.

 z The WHO defines cerebral malaria as the presence of coma 
greater than one hour after a seizure, regardless of the use of 
antiseizure medi cations.

 z Malaria must be considered in all travelers with fever who are 
returning from malaria-endemic areas, regardless of the use of 
prophylactic medications.

 z Both thin and thick blood smears may be used to quantify 
the degree of parasitemia. Thin smears dry more rapidly than 
thick smears and, unlike thick smears, are fixed in methanol 
prior to Giemsa staining.

 z While smears may be helpful in determining parasite burden, 
the sensitivity of rapid diagnostic tests generally is superior, 
with reported sensi tivities in the 97% range, compared with 
85% for malaria blood smear analysis.

 z The choice of antimalarial therapy depends on multiple 
factors, including the severity of disease, the resistance pat-
terns observed in the local region, and the causative species 
of malaria involved.

 z Artemisinin combination therapies (ACTs) have been the 
treatment of choice for uncomplicated P. falciparum malaria 
for several years. ACTs now are recom mended as the first-line 
treatment in P. knowlesi infections as well.

species and even among different popula-
tion groupings of Anopheles of the same 
species. While the female Anopheles gener-
ally is thought of as feeding at dusk and 
dawn, some species feed throughout the 
night, making their interactions with sleep-
ing humans more likely and rendering 
preventive interventions, such as bednets, 
critical.4 Some species of Anopheles prefer to 
bite and rest indoors while others remain 
largely outdoors. The activity and sleeping 
practices of human populations in a geo-
graphic area and the feeding preferences of 
colocated 

Anopheles mosquitoes determine how 
efficiently a given Anopheles species will 
serve as a malarial vector. Furthermore, 
not all Anopheles species prefer humans 
(anthropophily) as a source for blood meals, 
with some species preferring cattle or other 
animals (zoophily). Anopheles species in 
Africa, Anopheles gambiae and Anopheles 
funestus, are particularly anthropophilic, 

which may contribute to the extent of 
malaria in the African region.5 

The necessary requirements for malaria 
transmission to occur include the two host 
species (humans and Anopheles) as well as 
the parasite itself. With these three species 
present, the intensity of transmission is 
directly related to the entomologic inocula-
tion rate (EIR), or the number of infec-
tious female anopheline bites per person 
per year. The EIR for a given region might 
fluctuate based on season or human/vec-
tor behaviors, with higher EIRs realized in 
any situation wherein susceptible human 
or Anopheles populations increase, or the 
frequency of successful Anopheles biting 
increases.7

Environmental and ecological factors 
directly determine the degree to which 
Anopheles may reproduce and flourish. 
Female Anopheles mosquitoes lay their eggs 
in standing fresh water, and their offspring 
undergo several molts before emerging 

in the pupal stage.5 As a result, malaria 
epidemics may be seasonal in parts of the 
world with defined dry and wet seasons. As 
can be imagined, as the population of bit-
ing Anopheles increases, a previously small, 
stable human-mosquito malarial infection 
epidemic may grow. Increases in the popu-
lation of infected mosquitoes may lead to a 
progression of human cases and the devel-
opment of an epidemic.5,8

Life Cycle
Malaria comprises four species of 

Plasmodia, which are able to cause human 
infection. A fifth species, Plasmodium 
knowlesi, recently has been shown to be 
responsible for a portion of human infec-
tion in Indonesia — and likely elsewhere.9 
The vast majority of severe malaria results 
from infection with Plasmodium falci-
parum, although all species of malaria may 
cause significant clinical symptoms and, 
potentially, serious disease in children with 
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preexisting disease or impaired immune 
function.2,3 P. falciparum is the most com-
mon form of malaria in Africa, account-
ing for more than 99% of cases and more 
than 50% of cases in Southeast Asia. 
Plasmodium vivax is the most common 
cause of malaria infection in the Americas, 
responsible for ~75% of cases.2,3 While 
an in-depth discussion of the malarial life 
cycle is beyond the scope of this article, 
a brief description of the stages of repro-
duction is relevant to understanding the 
pathophysiology of disease and identifying 
parasitic forms on blood smears. 

Malaria infection occurs when an 
individual is bitten by an infected female 
Anopheles mosquito. The mosquito injects 
the malaria parasites in the form of spo-
rozoites into human blood. Once in the 
bloodstream, sporozoites make their way 
to the liver, where they undergo asexual 
reproduction over the course of seven to 10 
days. This phase generally is asymptomatic, 
and patients largely are unaware that they 
are infected. 

In the hepatic cells, the parasite forms 
a liver schizont, which matures and 
releases merozoites into the bloodstream. 
In the case of infection with P. vivax and 
Plasmodium ovale, the parasite may form 
a dormant hypnozoite phase in the liver, 
which then may cause recurring infection 
potentially weeks to years after the initial 
infection.10 These merozoites then invade 

erythrocytes, where they may develop into 
a ring trophozoite stage, forming an eryth-
rocytic schizont phase. This erythrocytic 
schizont phase then releases its own mero-
zoites, eventually leading to lysis of red 
blood cells (RBCs), releasing further mero-
zoites and leading to symptomatic disease 
and, potentially, severe hemolysis. 

Some parasites mature into a sexual 
phase known as the gametocytes (male 
and female). These gametocytes circulate 
in the bloodstream and then are ingested 
by another female Anopheles mosquito dur-
ing a blood meal. The erythrocytic forms 
of the life cycle are visible via microscopy 
on peripheral blood smears, which were 
the basis of diagnosis for decades prior to 
the development of antigen-based tests. In 
the mosquito gut, male and female game-
tocytes fuse and eventually develop into 
oocysts. Oocysts eventually release spo-
rozoites, which then invade the Anopheles 
salivary glands and, thus, become able to 
infect another human host on a subsequent 
Anopheles meal.10

See Figure 2 for an overview of the 
malaria life cycle.

Pathophysiology
Malaria can span the spectrum of 

severity from asymptomatic infection or 
minor febrile illness, which may occur in 
healthy adults with a history of prolonged 
(lifelong) prior immunologic exposure, 

to life-threatening disease encompassing 
multi-organ system failure. Severe disease 
is seen most often in the two highest risk 
groups: children younger than 5 years of 
age and pregnant women. Anyone with 
nutritional or immune deficiency also is 
at heightened risk of severe disease from 
malaria, with malnutrition and human 
immunodeficiency virus/acquired immu-
nodeficiency syndrome (HIV/AIDS) 
being important factors in malaria epi-
demiology in Africa.11,12 The majority of 
severe disease results from infection with P. 
falciparum, although P. vivax is a significant 
cause of severe anemia and mortality in 
Southeast Asia.2,3

As might be imagined, the severity of 
malaria infection is directly related to the 
extent to which the RBC population in 
a given host is infected. P. falciparum has 
evolved to be able to infect and reproduce 
unrestrained in RBCs of any age, produc-
ing large percentages of infected RBCs 
— at times as high as 20% to 30% of the 
total RBC population in a given individual. 
Other species of Plasmodium only infect 
young RBCs, which significantly limits the 
red cell population available for infection, 
leading to infected red cell percentages 
measured in the 1% to 2% range, and thus 
more limited parasitemia.13,14

The pathophysiology of malaria largely 
derives from the ability of the parasite to 
cause RBC lysis and destruction. Given 
the timing of parasite reproduction, the 
lysis of RBCs frequently occurs near 
simultaneously. The rupture of RBCs 
releases a variety of RBC debris along with 
parasitic waste products and antigens that 
stimulate the release of pro-inflammatory 
cytokines, such as tumor necrosis factor-
alpha (TNF-alpha), interferon gamma, and 
interleukin 1b. Two Plasmodium antigens, 
glycosylphosphatidylinositol (GPI) and 
hemozoin, are particularly potent in stimu-
lating the host inflammatory response.15,16 
This inflammatory cascade is thought to 
be responsible for the intense fevers, rigors, 
and inflammatory response characteristic 
of malaria infection. Indeed, the duration of 
the erythrocytic portion of the malarial life 
cycle determines the periodicity of fever, 
which occurs every 72 hours in Plasmodium 
malariae infection (quartan fever) and every 
48 hours in P. falciparum, P. vivax, and P. 
ovale infection (tertian fever).15-17 

RBCs infected by the malaria parasite 
express a variety of cell surface proteins 
and are identified and destroyed by phago-
cytic macrophages located in the spleen, 

Figure 1. Malaria-Free Countries and Malaria-Endemic 
Countries in Phases of Control*, Pre-Elimination,  
Elimination, and Prevention of Reintroduction, end 2008

Reprinted with permission from the World Health Organization. World malaria report 2009. 
Published Nov. 29, 2009. https://bit.ly/377SfB7

http://www.ReliasMedia.com
https://bit.ly/377SfB7


104    Pediatric Emergency Medicine Reports / September 2021  ReliasMedia.com

leading to further RBC destruction and 
release of inflammatory cytokines.18 These 
cytokines, along with the byproducts of 
heme metabolism by the parasite, supress 
erythropoiesis in the bone marrow, further 
exacerbating the severity of anemia.19,20 The 
production of TNF-alpha and interferon 
gamma increases the expression of adhe-
sion molecules by capillary endothelial cells 
and increases vascular permeability. 

These effects are central in the progres-
sion of malaria pathophysiology leading to 
RBC adherence to the endothelial walls of 
capillaries. In turn, this leads to a procoagu-
latory state and the formation of RBC clots 
(known as red cell rosettes) and increased 
inflammation and vascular permeability, 
which causes the recruitment of leukocytes 
and their migration out of the capillaries 
and infiltration of tissues.21,22 This capillary 
obstruction, along with unchecked local 
inflammation, is thought to underpin the 
pathophysiology of cerebral malaria and 
acute respiratory distress syndrome that 
are common factors contributing to severe 
malaria.23 The significant burden of hemo-
globin, and specifically the heme molecule 
itself, released into the circulation by red 
cell lysis, is responsible for the nephrotoxic-
ity noted in severe malaria. Severe anemia, 
as well as severe volume depletion, also 

may contribute as prerenal causes of kidney 
dysfunction. The dark-colored urine seen in 
severe malarial hemolysis, called blackwater 
fever, results from myoglobinuria.24

Clinical Features
As mentioned, the severity of malaria 

depends on multiple factors, including 
host immune and nutritional state, comor-
bid diseases, malaria species, and degree 
of parasitemia. (See Table 1.) In patients 
with prolonged immunologic exposure to 
malaria, particularly in malaria-endemic 
regions of the world, infections may be 
mild, manifesting as mild febrile condi-
tions, with only minimal hemolysis and a 
self-limited course.25 This disease course 
has been termed “uncomplicated malaria.” 

However, despite the unimpressive 
symptoms, malaria infection still may 
produce significant illness and morbid-
ity in children in endemic areas. Even in 
asymptomatic children, anemia is a com-
mon laboratory finding in malaria-endemic 
areas, and concomitant parasitemia has 
been noted in as many as 50% of anemic 
children in some studies.26,27 While the 
cause of anemia in children often is multi-
factorial, with malnutrition/iron deficiency, 
concomitant HIV or hookworm infection, 
or hemoglobinopathies being important 

contributors, many studies have suggested a 
critical role for malaria infection in chronic 
childhood anemia. Interventions using 
periodic antimalarial treatment in children 
have been associated with improvements in 
hemoglobin concentration.28,29

Chronic malarial anemia in childhood 
may develop from chronic, persistent 
malaria infection (with or without symp-
toms) or repetitive, intermittent infections 
or from recrudescence of dormant malaria 
(P. vivax and P. ovale). No matter the 
cause, chronic anemia in childhood has 
significant consequences for immune sys-
tem function, growth, and neurocognitive 
development.30,31 In neonates and infants, 
the symptoms of malaria may be general, 
such as fever, poor feeding, tachypnea, diar-
rhea, and jaundice and so might be mis-
taken for other causes of fever and sepsis. 

In the first months of life, the signs and 
symptoms of malaria also may be muted or 
delayed, given the protection afforded by 
fetal hemoglobin and the extent of breast-
feeding and maternal antimalarial antibody 
protection.30,32 In the immunologically 
naïve, such as children younger than 5 years 
of age and adults from non-endemic areas, 
infection with P. falciparum may progress 
rapidly, culminating in severe anemia and 
multi-organ system failure. Severe malaria 
generally presents as a manifestation of 
severe anemia, cerebral malaria, or a combi-
nation of the two.30

Severe Malarial Anemia
The World Health Organization 

(WHO) defines severe malarial anemia 
(SMA) as a hemoglobin concentration of 
less than 5 mg/dL (hematocrit less than 
15%) with a parasitemia of greater than 
10,000 parasites/μL. Children younger 
than 5 years of age with a hemoglobin con-
centration of less than 3 mg/dL are at the 
highest risk for death.2,3,33 Anemia associ-
ated with malaria is typically normocytic 
and normochromic, although concomitant 
iron deficiency anemia or other causes 
of anemia may complicate hematologic 
findings. 

Severe malarial anemia may contribute 
to respiratory distress as infants and chil-
dren struggle to increase minute ventilation 
in response to rapid and extreme decreases 
in blood oxygen-carrying capacity. 
Inadequate oxygen delivery to tissues also 
can contribute to severe metabolic acidosis, 
which is a common abnormality in chil-
dren with severe malaria and can further 
increase respiratory demands. 

Figure 2. Malaria Life Cycle

Source: Centers for Disease Control and Prevention. Malaria: Parasite biology. Updated Oct. 6, 2020. 
https://www.cdc.gov/dpdx/malaria/index.html
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As SMA progresses and the oxygen-
carrying capacity of the blood is further 
reduced, children will demonstrate evi-
dence of end-organ hypoperfusion and 
multi-organ system failure. Renal impair-
ment may be significant in children with 
SMA, since hypovolemia, hemolysis, and 
microvascular obstruction cause acute 
tubular necrosis and potentially contribute 
further to the metabolic acidosis.34,35

Cerebral Malaria
Cerebral malaria (CM) may present as 

altered consciousness, delirium, or seizures. 
The WHO defines CM as the presence of 
coma greater than one hour after a seizure, 
regardless of the use of anti-seizure medi-
cations.31 The Blantyre Coma Scale has 
been used to quantify the degree of coma 
in CM.31 CM is most common among 
those with comorbid conditions, such as 
HIV/AIDS, malnutrition, or prior sple-
nectomy. Because of the high frequency of 
parasitemia in even asymptomatic children 
in malaria-endemic areas, other explana-
tions for seizures or central nervous system 
dysfunction, such as febrile seizures, men-
ingitis, encephalitis, or hypoglycemia, must 
be considered. A characteristic retinopathy 
has been associated with CM and, if pres-
ent, increases confidence in the diagno-
sis.31 Focal neurologic findings rarely are 
associated with CM and, if noted, should 
prompt consideration of other clinical 
explanations. 

CM has a mortality rate ranging from 
10% to 40%.31 Microvascular obstruction 
and inflammation, progressing to cerebral 
edema, increasing intracranial pressure, 
and ultimately leading to herniation is 
the suspected etiology in most fatal CM 
cases.31 A large body of literature has 
established that, among CM survivors, 
longstanding neurocognitive deficits (i.e., 
behavioral/cognitive delay, epilepsy) are 
more common compared to age-matched 
controls.31

Other Manifestations of Severe 
Malaria

Hypoglycemia is a common associated 
complication of severe malarial infec-
tion. It is thought to result from increased 
metabolic demands and utilization as 
well as impaired hepatic gluconeogenesis. 
Hypoglycemia occurs more commonly 
in younger children in whom fasting 
and delayed or inadequate nutritional 
intake may contribute. Hypoglycemia 
may be difficult to detect in children with 

concomitant CM and coma or delirium. 
Hypoglycemia is associated with worse 
clinical outcomes.31

Metabolic acidosis frequently is noted in 
children with severe malaria, and its causes 
often are multifactorial. Impaired tissue 
oxygen delivery resulting in increased 
anaerobic metabolism and lactic acidosis 
are significant contributors, although acute 
kidney injury also may lead to metabolic 
acidosis. The severity of metabolic acidosis 
correlates with poor outcomes.31

Fever in the Returned 
Traveler

Although malaria may produce impres-
sive symptoms and laboratory abnormali-
ties, some immunologically naïve patients 
may initially present with mild or nonspe-
cific symptoms. Travelers who have been 
inconsistently using malarial prophylaxis 
may have partially treated infections 
and present with mild or intermittent 
symptoms. Furthermore, symptoms not 
traditionally associated with malaria, such 
as diarrhea and vomiting, may distract cli-
nicians and frequently are misattributed to 
viral infection or gastrointestinal illness.35 

As such, malaria must be considered in 
all travelers with fever who are returning 
from malaria-endemic areas regardless 
of the use of prophylactic medications. 
Additionally, P. vivax and P. ovale have the 
ability to lay dormant in hepatocytes in 
the hypnozoite phase and cause infection 

months after the patient returns home, 
potentially long after termination of 
antimalarial prophylaxis, meaning that a 
history of even remote travel to a malarial 
region may be relevant. In the case of 
infection with P. falciparum, delays in the 
administration of antimalarial medications 
may have fatal implications.

Diagnosis
Traditionally, the diagnosis of infection 

with any of the species of malaria has been 
accomplished via microscopic examination 
of peripheral blood smears. (See Figure 3.) 
In many parts of the world, this remains 
the standard of care. However, newer, reli-
able antigen-based rapid diagnostic tests 
(RDTs) have become available, allow-
ing rapid diagnosis without the need for 
microscopes or trained microscopists. 
While rapid tests have streamlined the 
time to diagnosis, this comes at the 
expense of speciation and determination 
of parasite burden, both of which generally 
are obtainable via examination of periph-
eral blood smears.36 

 The preparation of blood smears for 
malaria diagnosis usually involves the cre-
ation of both a “thick smear” and a “thin 
smear.” The thick smear is prepared by 
placing a single drop of venous blood in 
the middle of a microscope slide and then 
using the corner of another slide to smear 
the blood in a circular fashion. The slide 
then should be allowed to dry for at least 

Table 1. Characteristics of Severe Malaria

Clinical Manifestations Frequency
Impaired consciousness High

Respiratory distress (acidotic breathing) High

Multiple convulsions High

Prostration High

Shock Low

Pulmonary edema (radiological) Infrequent

Abnormal bleeding Infrequent

Jaundice Low

Laboratory Indices
Severe anemia High

Hypoglycemia High

Acidosis High

Hyperlactatemia High

Acute kidney injury Low

Hyperparasitemia Average
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half an hour. An appropriately prepared 
thick smear should allow the physician 
to barely read printed words through the 
blood smear.36 Thick smears allow for 
increased sensitivity in the detection and 
diagnosis of malaria, but they do not allow 
for speciation. The thin smear is prepared 
by placing a drop of blood in the middle 
of a microscope slide and then using the 
edge of another slide to smear the blood 
so that there is a gradient of thickness of 
the smear, allowing for a clearer picture of 
RBCs and parasite morphology. Both thin 
and thick smears may be used to quantify 
the degree of parasitemia. Thin smears dry 
more rapidly than thick smears and, unlike 
thick smears, are fixed in methanol prior 
to Giemsa staining.36 

In the hands of an experienced micros-
copist, malaria percentages as low as 1% 
to 2% can be detected. If suspicion for 
malaria is high, multiple smears, prepared 
at different times (particularly when 
patients are actively symptomatic), may 
increase diagnostic sensitivity.37,38 While 
smears may be helpful in determining 
parasite burden, the sensitivity of RDTs 
generally is superior, with reported sensi-
tivities in the 97% range compared with 
85% for malaria blood smear analysis.39

RDTs for malaria have become 
an important tool in settings where 
microscopy is not reliable or obtainable. 
RDTs generally assay for one of sev-
eral Plasmodium antigens: histidine rich 

protein (HRP2, P. falciparum only) or 
Plasmodium-specific lactate dehydrogenase 
and/or aldolase. These assays may diagnose 
malaria in general or differentiate between 
P. falciparum and P. vivax only. As such, 
the choice of which antigen tests to use 
in a particular area is dependent to some 
degree on the local saturation of non-
falciparum malaria and the need to differ-
entiate between species. Polymerase chain 
reaction tests for all Plasmodium species 
and for specific drug resistance mutations 
have been developed and are used mainly 
in research and epidemiology.38,40

Differential Diagnosis
The differential diagnosis for malaria 

infection is broad, given that the symp-
toms of early or uncomplicated malaria 
are quite nonspecific. The differential diag-
nosis for uncomplicated malaria includes 
influenza, dengue fever, chikungunya, 
leptospirosis, and other viral causes of fever 
and malaise. The differential diagnosis 
for severe malaria includes meningitis, 
disseminated intravascular coagulation, 
sepsis/bacteremia, hemolysis, hepatitis, 
viral hemorrhagic fever, and African 
trypanosomiasis. 

A positive malaria smear in a patient 
with severe symptoms in a malaria-
endemic region should prompt treatment 
with antimalarial medications. However, 
given the possibility of chronic or asymp-
tomatic parasitemia in these areas, specific 

consideration should be paid to other 
diagnostic considerations before conclud-
ing that severe illness is attributable solely 
to malaria.

Malaria Treatment
The choice of antimalarial therapy 

depends on multiple factors, including 
the severity of disease, resistance pat-
terns observed in the local region, and the 
causative species of malaria involved. (See 
Tables 2 and 3.) In P. vivax and P. ovale 
infections, the goal of treatment is eradi-
cating not only blood of parasites, but also 
hypnozoite forms residing in hepatocytes. 
Appropriate antimalarial dosing is critical 
in children, since underdosing has been 
identified as causing clinical decline or 
recurrence and treatment failure.31,33

Uncomplicated Malaria  
in Children

In February 2021, the WHO released 
updated guidelines about the treatment 
of malaria, incorporating evidence from 
recent studies and assigning level-of-
evidence ratings to recommendations. The 
following treatment recommendations are 
based on that document.33

Artemisinin combination therapies 
(ACTs) have been the treatment of choice 
for uncomplicated P. falciparum malaria 
for several years. ACTs now are recom-
mended as the first-line treatment in P. 
knowlesi infections as well.31,33 In some 
malaria-endemic regions, P. vivax remains 
sensitive to chloroquine, which may be 
used in those areas. However, in locations 
of high P. vivax resistance to chloroquine, 
treatment with ACTs is recommended. 
P. ovale and P. malariae are identified less 
commonly, so data regarding optimal 
treatment regimens are limited. However, 
the ACTs seem to have some effectiveness 
against these species and should be used 
initially, if available.33

Piperaquine and lumefantrine, along 
with artemesinin compounds, have pro-
longed half-lives (piperaquine: ~30 days, 
lumefantrine: ~4 days) and may play an 
important role in limiting recurrence of 
malaria in the immediate post-treatment 
period.31,33 Similarly, primaquine (used for 
P. vivax and P. ovale infection) is associated 
with reduced recurrence via elimination 
of the hypnozoite form. Primaquine also 
has been used in the treatment of P. fal-
ciparum malaria as a gametocidal therapy 
along with ivermectin (not recommended 
for children < 15 kg) to potentially reduce 

Figure 3. Preparing Thin and Thick Blood Smears

Adapted from Centers for Disease Control and Prevention. Laboratory diagnosis of malaria: 
Preparation of blood smears. https://www.cdc.gov/dpdx/resources/pdf/benchaids/malaria/malaria_
procedures_benchaid.pdf
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transmissibility during treatment more 
rapidly than purely schizonticidal therapy 
would.31,33 Treatment with primaquine 
typically requires antecedent testing for 
glucose-6-phosphate dehydrogenase 
deficiency (G6PD) to avoid hemolysis, 
although recent WHO guidelines recom-
mend that no G6PD testing is required 
for single-dose primaquine.33

Visit https://bit.ly/3j7akEW to view a 
map of areas with drug-resistant malaria.

Severe Malaria in Children
The AQUAMAT (2015) study enrolled 

more than 5,000 children in nine African 
countries and compared parenteral qui-
nine vs. artesunate-based treatment regi-
mens for the treatment of severe malaria 
caused by P. falciparum. Those in the 
artesunate treatment arm had significantly 
lower mortality than those in the quinine-
treated group. Therefore, WHO guidelines 
since have recommended the use of  
artesunate-based regimens for the treat-
ment of severe P. falciparum malaria.33,41 
Once a child has received at least 24 hours 
of parenteral artesunate and is able to tol-
erate oral therapy, treatment can be com-
pleted with three days of oral ACT.33 

Children weighing < 20 kg should 
receive a higher dose of artesunate (3 mg/
kg per dose) than larger children and 
adults (2.4 mg/kg per dose) to ensure 
equivalent exposure to the drug. If arte-
sunate is not available, artemether is pre-
ferred over quinine for treating children 
and adults with severe malaria.33

Children with severe malaria often 
require intensive supportive care focused 
on seizure management, hypoglycemia 
avoidance, and fluid and blood product 
transfusion management. Prophylactic 
antiseizure medications are not recom-
mended and have been associated with 
higher mortality.31 

However, the judicious use of benzodi-
azepines to treat seizures and status epi-
lepticus often is necessary. Blood product 
transfusion would seem to be an impor-
tant intervention to counteract the delete-
rious effects of severe malarial anemia, but 
studies investigating larger volume trans-
fusions (20 vs. 30 mL/kg body weight) 
and immediate, early transfusion have not 
shown a benefit, and WHO guidelines 
currently suggest transfusion be triggered 
by severity of condition or hemoglobin  
< 4 mg/dL.31 

Administration of bolus colloid or crys-
talloid solutions has been associated with 

Table 2. Malaria Treatment

Plasmodium falciparum Acute Uncomplicated Malaria  
(Chloroquine-Resistant Regions)

Artemether-lumefantrine 
(20/120 mg) 

• 5 kg to < 15 kg: Day 1: One tab and a second tab eight 
hours later. Day 2 and Day 3: One tab two times per day

• 15 kg to < 25 kg: Day 1: Two tabs and two more tabs 
eight hours later. Day 2 and Day 3: Two tabs two times 
per day

• 25 kg to < 35 kg: Day 1: Three tabs and a second three 
tabs eight hours later. Day 2 and Day 3: Three tabs two 
times per day

• ≥ 35 kg: Day 1: Four tabs and a second four tabs eight 
hours later. Day 2 and Day 3: Four tabs two times per day

Artesunate-amodiaquine 
(not available in the 
United States)

• 4.5 kg to < 9 kg: 25/67.5 mg each day for three days
• 9 kg to < 18 kg: 50/135 mg each day for three days
• 18 kg to < 36 kg: 100/270 mg each day for three days
• ≥ 36 kg: 200/540 mg each day for three days

Artesunate-mefloquine • 5 kg to < 9 kg: 25/55 mg each day for three days
• 9 kg to < 18 kg: 50/110 mg each day for three days
• 18 kg to < 30 kg: 100/220 mg each day for three days
• ≥ 30 kg: 200/440 mg each day for three days

Artesunate-sulfadoxine-
pyrimethamine

• 5 kg to < 10 kg: 25 mg artesunate each day for three 
days plus 250/12.5 mg sulfadoxine-pyrimethamine  
on day 1

• 10 kg to < 25 kg: 50 mg artesunate each day for three 
days plus 500/25 mg sulfadoxine-pyrimethamine  
on day 1

• 25 kg to < 50 kg: 100 mg artesunate each day for three 
days plus 1,000/50 mg sulfadoxine-pyrimethamine  
on day 1

• ≥ 50 kg: 200 mg artesunate each day for three days plus 
1,500/75 mg sulfadoxine-pyrimethamine on day 1

Dihydroartemisinin-
piperaquine

• 5 kg to < 8 kg: 20/160 mg each day for three days
• 8 kg to < 11 kg: 30/240 mg each day for three days
• 11 kg to < 17 kg: 40/320 mg each day for three days
• 17 kg to < 25 kg: 60/480 mg each day for three days
• 25 kg to < 36 kg: 80/640 mg each day for three days
• 36 kg to < 60 kg: 120/960 mg each day for three days
• 60 kg to < 80 kg:160/1,280 mg each day for three days
• ≥ 80 kg: 200/1600 mg each day for three days

Atovaquone-proguanil 
(pediatric tab: 62.5/25 mg)
(adult tab: 250/100 mg)

• 5-8 kg: Two pediatric tablet each day for three days
• 9-10 kg: Three pediatric tabs each day for three days
• 11-20 kg: One adult tab each day for three days
• 21-30 kg: Two adult tabs each day for three days
• 31-40 kg: Three adult tabs each day for three days
• > 40 kg: Four adult tabs each day for three days

Quinine plus doxycycline 
or tetracycline or 
clindamycin

• 8.3 mg quinine base/kg (10 mg salt/kg) three times per 
day for three to seven days, plus:

 - doxycycline 2.2 mg/kg twice per day for seven 
days; or

 - tetracycline 25 mg/kg/day divided four times per 
day for seven days; or

 - clindamycin 20 mg/kg/day divided three times per 
day for seven days. 

Mefloquine • 13.7 mg base/kg (15 mg salt/kg), 9.1 mg base/kg six to 
12 hours after the initial dose

(Continued)
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increased mortality, and fluid resuscitation 
in severe malaria should be undertaken 
cautiously.42 Hypoglycemia is a common 
occurrence in severe malaria, and frequent 
evaluation of blood glucose levels is critical. 
Many patients have altered sensorium and 
seizure, which may mask serious hypogly-
cemia. Given the prevalence of chronic or 
recurrent malaria infection in children in 
areas of high endemicity, other differential 
diagnostic considerations should be enter-
tained in critically ill children with posi-
tive malaria smears. Bacteremia has been 
associated with malaria smear positivity, 

so patients with severe disease should be 
considered for broad spectrum antibiotic 
coverage in conjunction with appropriate 
antimalaria therapy.31

Prevention
Malaria prevention strategies involve 

multipronged efforts to disrupt the vector-
host life cycle. These include vector eradi-
cation efforts, insecticide-treated bednets, 
indoor residual spraying, insect repellents 
and insect-resistant clothing, antimalarial 
medications, and, more recently, the devel-
opment and testing of a vaccine.

Vector Eradication
Insecticide spraying for Anopheles mos-

quitoes has long been used as a strategy to 
reduce malaria transmission. Widespread 
outdoor administration of dichlorodiphe-
nyltrichloroethane (DDT) as an insec-
ticide in agriculture and malaria control 
efforts was common until the 1970s, 
when growing evidence of the insecticide’s 
environmental and toxic effects limited its 
use. Indoor residual spraying of walls and 
ceilings with insecticides, such as DDT, 
pyrethroids, or malathion, has been shown 
to reduce malaria transmission by reduc-
ing the lifespan of Anopheles mosquitoes, 
preventing the completion of the portion 
of the malarial life cycle taking place in 
the mosquito, and reducing the number of 
blood meals taken.33,39,43 

Vector resistance to all insecticides has 
been a recurring problem, and DDT has 
been re-examined for use in indoor resid-
ual spraying in high-malaria endemnicity 
areas where the public health benefit of 
limited indoor use is thought to outweigh 
the deleterious environmental effects. The 
WHO has stated that using DDT should 
be phased out over time in favor of other 
less toxic substitutes.33,39,43

Insecticide-Treated Bednets
Using untreated bednets has long been 

associated with reduced rates of malaria 
infection. However, insecticide-treated 
bednets have been shown to provide 
greater reductions in malaria transmission 
and mortality.30 The insecticide of choice 
for insecticide-treated bednets mostly has 
been pyrethroids, but resistance among 
mosquito populations has been docu-
mented, which is causing a shift in some 
regions to piperonyl butoxide-treated 
nets.44 Long-lasting insecticide-treated 
nets, which provide effective insecticide 
concentrations for at least three years, 
also have been developed. The WHO 
recommends that long-lasting insecticide-
treated nets be used by all people living in 
areas of high malaria endemnicity.33

Larval Control
Female Anopheles mosquitoes lay eggs 

in standing bodies of fresh water, and the 
larvae that hatch from these eggs continue 
to live in the fresh water until they develop 
into pupae, then they leave the water as 
adult mosquitoes. The elimination of 
standing freshwater sources, such as filling 
depressions in the earth that collect water 
or draining swamps, has been shown to 

Table 2. Malaria Treatment (continued)

Chloroquine-Sensitive Regions
Chloroquine • 10 mg base/kg (16.7 mg salt/kg) followed by 5 mg 

base/kg at six, 24, and 48 hours

Hydroxycloroquine • 10 mg base/kg (12.9 mg salt/kg) followed by 5 mg 
base/kg at six, 24, and 48 hours

Table 3. Treatment for Severe Malaria

Antimalarial Dose

Parenteral Therapy
Artesunate (All patients with 
severe malaria, regardless 
of infecting species, should 
be treated with intravenous  
artesunate)

2.4 mg/kg/dose intramuscular or intravenously initially, 
followed by 2.4 mg/kg/se at 12 and 24 hours; if patients 
cannot tolerate oral meds, then use artesunate each day 
for up to six additional days.

Artemether 3.2 mg/kg intramuscular followed by 1.6 mg/
kg intramuscularly each day for 3 days or until an 
artemisinin combination therapy can be commenced

Reassessment: Four hours after the third dose if parasite density is ≤ 1% and the patient 
is stable, an oral regimen may be completed. If the patient is clinically worsening or the 
parasite density is > 1%, continue IV artesunate until parasite density is ≤ 1% and the 
patient is able to tolerate an oral regimen and is clinically improving.  

Oral Therapy
Artemether-lumefantrine 5 kg to < 15 kg: Day 1: 1 tab and a second tab 8 hours 

later. Day 2 and Day 3: 1 tab twice per day

15 kg to < 25 kg: D1: 2 tabs and a second  2 tabs 8 hours 
later. Day 2 and Day 3: 2 tabs twice per day

25 kg to < 35 kg: D1: 3 tabs and a second 3 tabs 8 hours 
later. Day 2 and Day 3: 3 tabs twice per day

≥ 35 kg: D1: 4 tabs and a second 4 tabs 8 hours later. Day 
2 and Day 3: 4 tabs twice per day

Atovaquone-proguanil
(pediatric tablet: 62.5/25 mg)
(adult tablet: 250/100 mg)

5-8 kg: 2 pediatric tabs once per day x 3 days

9-10 kg: 3 pediatric tabs once per day x 3 days

11-20 kg: 1 adult tabs once per day x 3 days

21-30 kg: 2 adult tabs once per day x 3 days

31-40 kg: 3 adult tabs once per day x 3 days

> 40 kg: 4 adult tabs once per day x 3 days
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reduce malaria infection.45 Furthermore, 
the introduction of chemical larvicides 
or larvicidal treatments to bodies of fresh 
water in highly malarial areas likewise has 
demonstrated a reduction in malaria infec-
tion. Lastly, several species of larvivorous 
fish have been used to reduce larvae in 
ponds, wells, and lakes in India, signifi-
cantly reducing local cases of malaria.46

Pharmacologic Therapy in Malaria 
Prevention

Acute treatment for malaria infection 
can be critical to prevent severe complica-
tions, morbidity, and mortality and also 
can reduce transmission by limiting the 
duration of infections and the degree of 
parasitemia. However, most antimalarial 
treatments are not gametocidal and do 
not prevent the uptake of gametocytes 
by mosquitoes during a blood meal. As 
a result, standard pharmacologic therapy 
does not immediately prevent trans-
missibility. Treatment with low-dose 
primaquine at the commencement of 
antimalarial treatment in children older 
than age 6 months and nonpregnant 
adults has been shown to reduce transmis-
sion compared to standard antimalarial 
treatment alone. Previously, all individuals 
treated with primaquine were tested for 
G6PD deficiency, since it can cause life-
threatening hemolysis, but more recent 
studies have questioned the necessity for 
widespread G6PD testing.31,33

Multiple studies have supported the 
use of mass drug administration (MDA) 
campaigns in the reduction of malaria 
incidence and transmission. Several dif-
ferent approaches to MDA have been 
evaluated, including identifying asymp-
tomatic cases via rapid diagnostic test-
ing or microscopy followed by targeted 
MDA to families or households residing 
within a specific spatial radius around the 
positive individual(s). MDA also has been 
used in a targeted fashion in regions of 
both low and high malarial prevalence. In 
Myanmar, the identification of malarial 
hot spots followed by targeted MDA with  
dihydroartemisinin-piperaquine plus  
single-dose primaquine once per month 
for three consecutive months resulted 
in an 80% reduction in the incidence 
of malaria in the target villages as well 
as surrounding villages. There was no 
observed increase in malaria resis-
tance to the antimalarials used in the 
study.47 In Gambia, an area of seasonal 
malaria transmission, MDA with 

dihydroartemisinin-piperaquine prior 
to the beginning of the malarial season 
resulted in a reduction in infections.48

Mass administration of antimalarials 
also is recommended by the WHO for 
targeted populations. The WHO recom-
mends intermittent preventive treatment 
(IPT) in infants or coadministration of 
slowly metabolized antimalarials (sulf-
adoxine-pyrimethamine) with measles 
and tetanus, diphtheria, and pertussis 
vaccination.33 The WHO also recom-
mends prophylaxis with trimethoprim-
sulfamethoxazole for neonates exposed 
to HIV at birth as a mechanism for pre-
venting opportunistic infections, such as 
Pneumocystis jirovecii; this also has shown 
some effectiveness in preventing malaria 
infection. 

Likewise, the WHO endorses IPT in 
children (IPTc) for children younger than 
6 years of age in areas of seasonal malaria. 
IPTc has been shown to substantially 
reduce the incidence of malaria infection 
among children in multiple studies and 
across multiple regions. IPT in pregnant 
patients also is effective in reducing the 
incidence of malaria infection in this 
high-risk group.33 Moreover, ivermectin 
has been shown to reduce the lifespan of 
Anopheles mosquitoes who feed on the 
blood of ivermectin-treated individu-
als. Several studies have demonstrated 
decreased malarial incidence among 
treated individuals compared to control 
groups.49

Prophylactic dosing of antima-
larial medications for travelers headed 
to malaria-endemic regions is vital to 
preventing disease in these potentially 
immunologically naïve individuals. 
Multiple regimens are available depending 
on regional resistance patterns, speciology, 
and patient medical history. A discus-
sion of malaria prophylaxis for travelers is 
beyond the scope of this review, and read-
ers are referred to the Centers for Disease 
Control and Prevention (www.cdc.gov/
malaria) for recommendations on appro-
priate prophylaxis.

Malaria Vaccine
Work on an effective malaria vaccine 

has been ongoing for decades, with recent 
progress allowing some optimism for the 
first time. The RTS,S/AS01 P. falciparum 
vaccine is the only vaccine candidate to 
date to demonstrate effectiveness in reduc-
ing malaria caseload and severity of disease 
as well as the need for hospitalization 

and blood transfusion in a broad range 
of transmission settings. While there is 
currently no WHO policy on the wide-
spread administration of the RTS,S/
AS01 vaccine, the Strategic Advisory 
Group of Experts and the Immunization 
and Malaria Policy Advisory Committee 
jointly have supported pilot implementa-
tion of the vaccine in further regions across 
sub-Saharan Africa.31,50

Conclusion
Malaria has been the focus of intense 

public health investment and attention. 
In recent years, there has been evidence 
of significant progress toward reducing 
the global burden of malarial disease and 
death. Preventive strategies, including 
insecticide treated nets, long-lasting insec-
ticide treated nets, and indoor residual 
spraying likely have contributed to a global 
reduction in malaria cases. Antimalarials, 
obviously a cornerstone of malaria therapy, 
have become instruments of prevention, 
with MDA, SMA, and IPT gaining 
evidentiary support in the prevention of 
infection. The development of resistance 
both to therapeutics as well as anti-mos-
quito insecticides remains a challenge and 
treatment guidelines will require contin-
ued updating to take into account regional 
resistance emergence. Underdosing has 
been identified as a significant problem in 
treating malaria in children, and attention 
to updated, weight-based dosing accord-
ing to WHO recommendations is critical. 

Malaria will undoubtedly continue to 
be responsible for a significant burden of 
illness among the world’s children and 
travelers to malarial areas, and severe 
malaria will continue to be a challenging 
clinical condition for pediatricians to both 
diagnose and treat. However, adherence to 
evidence based guidelines for prevention 
and treatment, such as those delineated by 
the WHO, will optimize outcomes and 
reduce malaria case burdens.
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droartemisinin-piperaquine and malaria 
transmission dynamics in the Gambia: A 
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CME/CE Questions
1. The highest global burden of malaria 

is in:
a. South Asia.
b. South America.
c. Sub-Saharan Africa.
d. Central America.

2. Which of the following is true?
a. Primaquine may be used to 

eliminate the sexual forms of 
the malaria parasite and prevent 
infections.

b. Before being treated with 
artemisinin combination 
therapies, all patients should be 
tested for glucose-6-phosphate 
dehydrogenase deficiency.

c. The AQUAMAT trial established 
quinine as the treatment of choice 
for severe Plasmodium falciparum 
malaria.

d. The FEAST trial demonstrated 
the benefit of aggressive and 
early large-volume fluid boluses 
in treating severe P. falciparum 
malaria.

3. Which of the following factors does 
not contribute to the effectiveness of 
the female Anopheles mosquito as a 
vector for malaria transmission?
a. Anthopophilly
b. Volume of the blood meal
c. Lifespan of the Anopheles 

mosquito
d. Resistance to pesticides

4. Which of the following is true 
regarding sporozoites?
a. They multiply sexually in human 

livers.
b. They multiply asexually in human 

erythrocytes.
c. They cause symptoms of malaria 

in affected people.
d. They are injected in human blood 

by the mosquito.

5. Which of the following is the 
Plasmodium species that causes the 
most severe form of malaria?
a. Plasmodium ovale
b. Plasmodium knowlesi
c. Plasmodium malariae
d. Plasmodium falciparum

6. Which Plasmodium species can cause 
recurrence of symptoms years later?
a. Plasmodium vivax
b. Plasmodium knowlesi
c. Plasmodium malariae
d. Plasmodium falciparum

7. Which of the following is true of 
malaria in neonates?
a. They never get malaria, since 

they are protected by maternal 
antibodies.

b. They may be infected during 
childbirth.

c. They present with subtle 
symptoms, such as decreased 
breastfeeding.

d. They are not able to take most 
antimalarial medications.

8. Which of the following is true of 
rapid antigen tests for malaria?
a. They are unable to differentiate 

different species of malaria.
b. They are cost-effective, accurate, 

easily performed, and can be 
used to justify the start of malaria 
treatment.

c. They are not useful for diagnosing 
P. falciparum malaria.

d. They are able to detect malaria 
resistance patterns.

9. Arthemeter 20 mg + lumefantrine 
120 mg is:
a. the treatment of choice for 

uncomplicated malaria in endemic 
areas.

b. frequently associated with 
hypoglycemia episodes.

c. given for at least seven days to 
effectively treat malaria.

d. associated with severe anemia 
when administered in children.

10. Which of the following strategies 
has not been demonstrated to reduce 
malaria transmission?
a. Insecticide-treated bednets
b. Mass drug administration
c. Larvivorous fish
d. Dietary supplementation with 

quinine
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Exclusive to our subscribers RAPID ACCESS MANAGEMENT GUIDELINES

Pediatric Malaria

Malaria Treatment

Plasmodium falciparum Acute Uncomplicated Malaria 
(Chloroquine-Resistant Regions)

Artemether-lumefantrine 
(20/120 mg) 

• 5 kg to < 15 kg: Day 1: One tab and a second tab eight 
hours later. Day 2 and Day 3: One tab two times per day

• 15 kg to < 25 kg: Day 1: Two tabs and two more tabs 
eight hours later. Day 2 and Day 3: Two tabs two times 
per day

• 25 kg to < 35 kg: Day 1: Three tabs and a second three 
tabs eight hours later. Day 2 and Day 3: Three tabs two 
times per day

• ≥ 35 kg: Day 1: Four tabs and a second four tabs eight 
hours later. Day 2 and Day 3: Four tabs two times per day

Artesunate-amodiaquine • 4.5 kg to < 9 kg: 25/67.5 mg each day for three days
• 9 kg to < 18 kg: 50/135 mg each day for three days
• 18 kg to < 36 kg: 100/270 mg each day for three days
• ≥ 36 kg: 200/540 mg each day for three days

Artesunate-me� oquine • 5 kg to < 9 kg: 25/55 mg each day for three days
• 9 kg to < 18 kg: 50/110 mg each day for three days
• 18 kg to < 30 kg: 100/220 mg each day for three days
• ≥ 30 kg: 200/440 mg each day for three days

Artesunate-sulfadoxine-
pyrimethamine

• 5 kg to < 10 kg: 25 mg artesunate each day for three 
days plus 250/12.5 mg sulfadoxine-pyrimethamine 
on day 1

• 10 kg to < 25 kg: 50 mg artesunate each day for three 
days plus 500/25 mg sulfadoxine-pyrimethamine 
on day 1

• 25 kg to < 50 kg: 100 mg artesunate each day for three 
days plus 1,000/50 mg sulfadoxine-pyrimethamine 
on day 1

• ≥ 50 kg: 200 mg artesunate each day for three days plus 
1,500/75 mg sulfadoxine-pyrimethamine on day 1

Dihydroartemisinin-
piperaquine

• 5 kg to < 8 kg: 20/160 mg each day for three days
• 8 kg to < 11 kg: 30/240 mg each day for three days
• 11 kg to < 17 kg: 40/320 mg each day for three days
• 17 kg to < 25 kg: 60/480 mg each day for three days
• 25 kg to < 36 kg: 80/640 mg each day for three days
• 36 kg to < 60 kg: 120/960 mg each day for three days
• 60 kg to < 80 kg:160/1,280 mg each day for three days
• ≥ 80 kg: 200/1600 mg each day for three days

Atovaquone-proguanil 
(pediatric tab: 62.5/25 mg)
(adult tab: 250/100 mg)

• 5-8 kg: Two pediatric tablet each day for three days
• 9-10 kg: Three pediatric tabs each day for three days
• 11-20 kg: One adult tab each day for three days
• 21-30 kg: Two adult tabs each day for three days
• 31-40 kg: Three adult tabs each day for three days
• > 40 kg: Four adult tabs each day for three days

Quinine plus doxycycline 
or tetracycline or 
clindamycin

• 8.3 mg quinine base/kg (10 mg salt/kg) three times per 
day for three to seven days, plus:

 - doxycycline 2.2 mg/kg twice per day for seven 
days; or

 - tetracycline 25 mg/kg/day divided four times per 
day for seven days; or

 - clindamycin 20 mg/kg/day divided three times per 
day for seven days. 

Me� oquine • 13.7 mg base/kg (15 mg salt/kg), 9.1 mg base/kg six to 
12 hours after the initial dose

Chloroquine-Sensitive Regions
Chloroquine • 10 mg base/kg (16.7 mg salt/kg) followed by 5 mg base/

kg at six, 24, and 48 hours

Hydroxycloroquine • 10 mg base/kg (12.9 mg salt/kg) followed by 5 mg base/
kg at six, 24, and 48 hours

Characteristics of Severe Malaria

Clinical Manifestations Frequency (+ to +++)
Impaired consciousness High

Respiratory distress (acidotic breathing) High

Multiple convulsions High

Prostration High

Shock Low

Pulmonary edema (radiological) Infrequent

Abnormal bleeding Infrequent

Jaundice Low

Laboratory Indices
Severe anemia High

Hypoglycemia High

Acidosis High

Hyperlactatemia High

Acute kidney injury Low

Hyperparasitemia Average
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Preparing Thin and Thick Blood Smears

Adapted from Centers for Disease Control and Prevention. Laboratory diagnosis of malaria: 
Preparation of blood smears. https://www.cdc.gov/dpdx/resources/pdf/benchaids/malaria/malaria_
procedures_benchaid.pdf

1. Whenever possible, use 
separate slides for thick and 
thin � lms.

2. Thin � lm (a): Bring a 
clean spreader slide, 
held at a 45-degree 
angle toward the 
drop of blood or the 
specimen side.

3. Thin � lm (b): Wait 
until the blood 
spreads along the 
entire width of the 
spreader slide.

4. Thin � lm (c): While 
holding the spreader 
slide at the same 
angle, push it forward 
rapidly and smoothly.

5. Thick � lm: Using the corner 
of a clean spreader slide, 
spread the drop of blood in a 
circle the size of a dime 
(diameter 1-2 cm). Do not 
make the smear too thick, 
or it will fall o�  the slide (you 
should be able to read 
newsprint through it).

6. Wait until the thin and thick � lms 
are completely dry. Fix the thin � lm 
with 100% (absolute) methanol. 
Do not � x the thick � lm.

7. If both the thin and thick � lms must 
be made on the same slide, � x only 
the thin � lm with with 100% (absolute) 
methanol. Do not � x the thick � lm.

8. When the thin and thick � lms are completely dry, 
stain them. Thick smears might take ≥ 1-2 hours to dry. 
Protect unstained blood smears from excessive heat, 
moisture, and insects by storing them in a covered box.

Malaria Life Cycle

Source: Centers for Disease Control and Prevention. Malaria: Parasite biology. Updated Oct. 6, 2020. 
https://www.cdc.gov/dpdx/malaria/index.html

Treatment for Severe Malaria

Antimalarial Dose

Parenteral Therapy
Artesunate (All patients with 
severe malaria, regardless 
of infecting species, should 
be treated with intravenous  
artesunate)

2.4 mg/kg/dose intramuscular or intravenously initially, 
followed by 2.4 mg/kg/se at 12 and 24 hours; if patients 
cannot tolerate oral meds, then use artesunate each day 
for up to six additional days.

Artemether 3.2 mg/kg intramuscular followed by 1.6 mg/
kg intramuscularly each day for 3 days or until an 
artemisinin combination therapy can be commenced 
can be commenced

Reassessment: Four hours after the third dose if parasite density is ≤ 1% and the patient 
is stable, an oral regimen may be completed. If the patient is clinically worsening or the 
parasite density is > 1%, continue IV artesunate until parasite density is ≤ 1% and the 
patient is able to tolerate an oral regimen and is clinically improving.  

Oral Therapy
Artemether-lumefantrine 5 kg to < 15 kg: Day 1: 1 tab and a second tab 8 hours 

later. Day 2 and Day 3: 1 tab twice per day

15 kg to < 25 kg: D1: 2 tabs and a second  2 tabs 8 hours 
later. Day 2 and Day 3: 2 tabs twice per day

25 kg to < 35 kg: D1: 3 tabs and a second 3 tabs 8 hours 
later. Day 2 and Day 3: 3 tabs twice per day

≥ 35 kg: D1: 4 tabs and a second 4 tabs 8 hours later. Day 
2 and Day 3: 4 tabs twice per day

Atovaquone-proguanil
(pediatric tablet: 62.5/25 mg)
(adult tablet: 250/100 mg)

5-8 kg: 2 pediatric tabs once per day x 3 days

9-10 kg: 3 pediatric tabs once per day x 3 days

11-20 kg: 1 adult tabs once per day x 3 days

21-30 kg: 2 adult tabs once per day x 3 days

31-40 kg: 3 adult tabs once per day x 3 days

> 40 kg: 4 adult tabs once per day x 3 days
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