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I n 2020, approximately 241 million cases of malaria occurred in
85 countries with endemic malaria. Travelers to these regions
are at risk for infection.1 The number of people with malaria

who arrive in the US has increased each year since 1972, from
approximately 614 cases in 1972 to an 2161 cases in 2017.2 Patients
with malaria typically present to frontline US health care workers,
who need to diagnose and manage this infection. This Review sum-
marizes current evidence regarding the prevention, diagnosis, and
treatment of malaria.

Methods

We searched the PubMed and Cochrane Library databases for
English-language randomized clinical trials, meta-analyses, system-
atic reviews, and observational studies of the epidemiology,
diagnosis, and treatment of malaria, published from January
2016 to March 2022. References were searched manually for addi-
tional relevant publications, including World Health Organization

IMPORTANCE Malaria is caused by protozoa parasites of the genus Plasmodium and is
diagnosed in approximately 2000 people in the US each year who have returned from
visiting regions with endemic malaria. The mortality rate from malaria is approximately 0.3%
in the US and 0.26% worldwide.

OBSERVATIONS In the US, most malaria is diagnosed in people who traveled to an
endemic region. More than 80% of people diagnosed with malaria in the US acquired
the infection in Africa. Of the approximately 2000 people diagnosed with malaria in
the US in 2017, an estimated 82.4% were adults and about 78.6% were Black or
African American. Among US residents diagnosed with malaria, 71.7% had not taken
malaria chemoprophylaxis during travel. In 2017 in the US, P falciparum was the species
diagnosed in approximately 79% of patients, whereas P vivax was diagnosed in an
estimated 11.2% of patients. In 2017 in the US, severe malaria, defined as vital organ
involvement including shock, pulmonary edema, significant bleeding, seizures, impaired
consciousness, and laboratory abnormalities such as kidney impairment, acidosis, anemia,
or high parasitemia, occurred in approximately 14% of patients, and an estimated 0.3%
of those receiving a diagnosis of malaria in the US died. P falciparum has developed
resistance to chloroquine in most regions of the world, including Africa. First-line therapy
for P falciparum malaria in the US is combination therapy that includes artemisinin.
If P falciparum was acquired in a known chloroquine-sensitive region such as Haiti,
chloroquine remains an alternative option. When artemisinin-based combination
therapies are not available, atovaquone-proguanil or quinine plus clindamycin is used
for chloroquine-resistant malaria. P vivax, P ovale, P malariae, and P knowlesi are typically
chloroquine sensitive, and treatment with either artemisinin-based combination therapy
or chloroquine for regions with chloroquine-susceptible infections for uncomplicated
malaria is recommended. For severe malaria, intravenous artesunate is first-line therapy.
Treatment of mild malaria due to a chloroquine-resistant parasite consists of a combination
therapy that includes artemisinin or chloroquine for chloroquine-sensitive malaria. P vivax
and P ovale require additional therapy with an 8-aminoquinoline to eradicate the liver
stage. Several options exist for chemoprophylaxis and selection should be based on
patient characteristics and preferences.

CONCLUSIONS AND RELEVANCE Approximately 2000 cases of malaria are diagnosed
each year in the US, most commonly in travelers returning from visiting endemic areas.
Prevention and treatment of malaria depend on the species and the drug sensitivity of
parasites from the region of acquisition. Intravenous artesunate is first-line therapy
for severe malaria.
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publications. Randomized clinical trials and systematic reviews rel-
evant to the generalist clinician were prioritized. Of 3964 articles
identified, 153 were included, consisting of 4 clinical trials, 9 sys-
tematic reviews, 8 meta-analyses, and 5 longitudinal observational
studies. The most recent national description of US malaria cases
was available for 2017 at the time of this review.2

General Overview and Approach to the Diagnosis
of Malaria
Malaria is caused by protozoa parasites of the genus Plasmodium.
Female Anopheles mosquitoes acquire the parasites from an
infected person during a blood meal and, on a subsequent human
bite, transmit infection to a new host through the injection of spo-
rozoites (Figure 1). The parasite infects hepatocytes and replicates
until it becomes an exoerythrocytic merozoite, which enters the
blood and invades erythrocytes. The intraerythrocytic trophozoite
first appears as a ring form that undergoes morphologic changes
during nuclear division as it develops into a schizont and subse-
quently ruptures the erythrocyte, releasing merozoites into the
blood, repeating the erythrocytic infection cycle. The duration of
the asexual intraerythrocytic life cycle varies and is 24 hours in
P knowlesi, 72 hours in P malariae, and 48 hours in the other spe-
cies. Some merozoites develop into sexual forms (gametocytes)
and, when taken up by a mosquito during a blood meal, develop
into sporozoites capable of transmitting infection into a new host.
Rarely, infection occurs via vertical transmission during pregnancy
or at birth, through blood transfusion, from needle sharing, or
after an organ transplant from malaria-infected donors.3,4 P vivax
and P ovale also have a hypnozoite stage in the liver, which re-
mains dormant for weeks to years before becoming activated into
hepatic merozoites, entering the bloodstream, and initiating a
blood-stage infection. The hypnozoite stage requires specific
therapy, discussed later.

The diagnosis of malaria should be considered in a febrile pa-
tient returning from a malaria-endemic country (Figure 2).5

The amount of time that has elapsed between the date of
arrival back to the US and symptom onset can provide a clue to the
species. In 2017, 96.4% of patients infected with P falciparum
became ill within 1 month after return to the US, whereas 47.5% of
patients presenting with P ovale malaria became ill within 1 month
after return (Table 1). Malaria is endemic in many regions of the
world. Each species varies in geographic distribution and the num-
ber of infections caused within different regions. Patients can be
infected with more than 1 species. In 2017, mixed-species infection
accounted for 1.1% of reported cases in the US.2 The region of travel
can provide another indication to the likely infecting species.

The epidemiology of malaria diagnosed in the US reflects both
the malaria-endemic regions where US travelers visit and the inten-
sity of malaria transmission in those regions. In 2017, approxi-
mately 87.8% of patients with a diagnosis of malaria in the US ac-
quired the infection in Africa,2 whereas approximately 8.7% of cases
were acquired in Asia, 1.8% from South America, 1.5% from Central
America and the Caribbean, and less than 1.0% from Oceania.2 Pa-
tients may not volunteer a history of travel. Therefore, clinicians
evaluating patients with fever should inquire about travel to coun-
tries where malaria is endemic. Patients visiting friends and rela-

tives living in an endemic area are at particularly high risk for acquir-
ing malaria, and this group accounts for most of the malaria that is
diagnosed in the US and other nonendemic countries.2,6

Long-term residents of malaria-endemic regions in high-
transmission areas develop clinical immunity after repeated infec-
tions so that when they are infected they have mild to no symp-
toms. In contrast, most US travelers are not immune to malaria and
are at risk for severe disease and death. US residents who had clini-
cal immunity because of prior residence in a malaria-endemic
region lose immunity over time after leaving the endemic region
and become at risk for severe disease. Severe malaria is a medical
emergency and is defined by World Health Organization criteria,
which includes vital organ involvement consisting of shock, pulmo-
nary edema, significant bleeding, seizures, and specific laboratory
abnormalities (such as plasma lactate levels of �5 mmol/L or cre-
atinine levels >3 mg/dL) (Table 2). In 2017, severe malaria affected
approximately 14.4% of US travelers.2 Patients with severe malaria
should be hospitalized and receive intravenous artesunate therapy
with close monitoring and supportive care (Table 3). Uncompli-
cated malaria, defined as infection in patients who do not have any
criteria for severe malaria, can be treated with oral medication
(Table 3).7,8

Symptoms of malaria are nonspecific and consist of fever,
chills, headache, myalgia, nausea, vomiting, diarrhea, fatigue,
abdominal pain, and altered mentation. Patients with malaria may
initially have a misdiagnosis of a viral illness. In a case series of 95
patients, 13% of adult travelers who had returned to the US with
malaria were misdiagnosed at initial presentation.9 Once malaria is
diagnosed, identification of the malaria species is necessary to
select the appropriate antimalarial treatment (Table 3). Region of
travel, length of time between return to the US and symptom
onset, microscopy appearance, and a malaria rapid diagnostic test
can help identify the species (Table 1).

Delay in diagnosis or inappropriate treatment of malaria is as-
sociated with increased mortality due to malaria in the US. Prompt
diagnosis, assessment of disease severity, and appropriate treat-
ment are required.2,10

Malaria Species
P falciparum
P falciparum is the most common malaria species diagnosed in the
US and accounted for 78.7% of malaria cases diagnosed in US trav-
elers in 2017.2 A total of 96.4% of US individuals infected with
P falciparum in 2017 presented with symptoms within 1 month
after arriving back in the US (Table 1).2 Reactivation in immunosup-
pressed patients may occur years after travel, although the patho-
physiology of persistent infection is not understood.11 Microscopy
shows early ring stages in infected erythrocytes of all sizes, fre-
quently with multiple parasites in a single erythrocyte. In some
patients, there is a high level of peripheral parasitemia. P falciparum
can cause death rapidly in an individual without immunity. In 2017,
death occurred in approximately 2.1% of patients with severe
P falciparum malaria in the US. P falciparum was associated with
all 6 US malaria-related deaths in 2017 and was associated with 5
of 7 deaths due to malaria in 2016.2,10 Virulence of P falciparum
is related to its ability to infect erythrocytes of all ages and seques-
tration of large numbers of late-stage infected erythrocytes in
the microvasculature, which may contribute to a high pathogen
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burden. Criteria for severe disease (Table 2) should be reviewed in
every patient at hospital admission and reevaluated during the
course of hospitalization because stable patients can subsequently
deteriorate (Figure 2).

P vivax
In 2017, P vivax accounted for approximately 11.2% of malarial in-
fection occurring in the US. An estimated 59% of returning US
travelers developed symptoms within 1 month of travel.2 P vivax

Figure 1. Schematic of Plasmodium Life Cycle and Stage-Specific Interventions
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Malarial infection occurs after inoculation of sporozoites by an infected
Anopheles mosquito during a blood meal. Sporozoites travel to the liver and
establish a clinically silent infection, where the population undergoes massive
expansion. Merozoites are released by the liver, invade red blood cells, and

cause disease. A subset of blood-stage parasites becomes gametocytes to
continue the transmission cycle after a subsequent blood meal. P vivax
and P ovale can have a prolonged liver-stage infection (hypnozoite) that
requires targeted therapy.
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is endemic in Latin America and is also found in regions where
P falciparum is endemic, with a few exceptions, such as Haiti.2,12

Among travelers returning to the US with malaria in 2017, common
regions of P vivax acquisition were Asia (63.5%), Africa (16.4%),
South America (13.9%), Central America and the Caribbean (4.3%),
and Oceania (1.9%).2 P vivax preferentially invades reticulocytes
(large, young erythrocytes), and therefore the maximal peripheral
blood parasite load is rarely greater than 2% because of the low num-
ber of circulating reticulocytes. Unlike P falciparum, vascular se-
questration does not occur, although recent studies have reported
an abundance of intact P vivax in the spleen of people living in en-
demic areas, suggesting the possibility of an endosplenic life cycle
in patients with chronic P vivax infection.13

Microscopy of blood smears reveals infection of reticulocytes
with Schüffner dots, which are fine, red dots scattered throughout

the cytoplasm. Early ring stage or later-stage ameboid trophozoite
forms can be seen. Severe vivax malaria, diagnosed in 5.5% of pa-
tients with P vivax in 2017, is defined as falciparum malaria (Table 2)
but without parasite density thresholds. Severe vivax malaria mani-
fests as severe anemia, jaundice, respiratory distress, impaired con-
sciousness, and kidney failure.2,14,15 In 2016, severe P vivax malaria
was associated with 2 deaths (28%) in US travelers.10

P vivax malaria can also arise from hypnozoite-stage parasites
weeks to years after an individual leaves an endemic area and cause
illness. A relapse of P vivax malaria can also occur weeks to years af-
ter treatment of the primary illness with chloroquine or artemisinin
combination therapy (ACT). Malaria treatment regimens do not eradi-
cate hypnozoites, which can reactivate and cause malaria.16 Targeted
therapy with 8-aminoquinolines is required to eradicate hypnozo-
ites (Box).

Figure 2. Evaluation for Returning Travelers With Fever From Malaria-Endemic Regions

Suspected malaria - Fever in traveler returning from a malaria-endemic region

Prompt confirmation of malaria - Microscopy with or without rapid diagnostic test (RDT)

Assessment of disease severity to guide management

Positive results

!
Malaria can occur weeks to years after leaving a malaria-endemic region (Table 1).
Malaria symptoms are nonspecific and similar to a viral illness,
eg, fever, chills, headache, myalgia, nausea, vomiting, fatigue, abdominal pain, and altered mentation.

Uncomplicated malaria 

• Determine parasite species to guide treatment
  Based on appearance on microscopy
   RDTs can identify P falciparum; however, they cannot 
   distinguish between non-falciparum species

• Hospitalize patient • Manage as outpatient
   if patient tolerates
   oral medication

P falciparum or 

P knowlesi
P vivaxb, P ovaleb,

or P malariae

Malaria-endemic areas and percentage of cases acquired by US travelersa

Africa (87.8%)      Asia (8.7%)      South America (1.8%)      Central America and the Caribbean (1.5%)      Oceania (<1.0%)

Microscopy is the most sensitive form of testing and is the criterion standard diagnostic assay in the US.
Provides information on parasite species and parasite density, and verifies RDT results

RDT requires a fingerstick and minimal training and yields results within 15 minutes. 
Provides rapid screening that is followed by microscopy for confirmation and identification of parasite species and density

Clinical or laboratory evidence of vital organ dysfunction indicates severe malaria (Table 2).
If severe disease criteria are not met, malaria is classified as uncomplicated.

Severe malaria

When parasite density is ≤1.0% on blood smear 

and patient tolerates oral medication (Table 3)

• Initiate oral course of antimalarial therapy

• Monitor for postartesunate delayed hemolysis

• Treat based on expected drug sensitivity, local 
   drug availability, and use of chemoprophylaxis
• Monitor for development of severe disease

Positive results

Negative results

• Repeat blood smear every 12-24 hours
• If there are 3 negative blood smears,
   consider other etiologies

• Hospitalize patient
• Initiate treatment with intravenous artesunate
• Provide supportive care

Travelers returning from a
malaria-endemic region with fever
should always be tested for malaria
using diagnostic assays. Severe
disease requires prompt treatment
and inpatient management,
while uncomplicated disease may
be managed as an outpatient
in select settings.
a Data from MMWR.2

b P vivax and P ovale infections
require treatment for the
hypnozoite stage with an
8-aminoquinolone.
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P ovale, P malariae, and P knowlesi
P ovale is endemic in sub-Saharan Africa and Asia and accounted
for 6.2% of cases imported into the US in 2017, with approxi-
mately 47.5% of travelers presenting with symptoms within 1
month of travel.2 P ovale includes 2 subspecies, P ovale wallikeri
and P ovale curtisi, which have modest differences in latency
period and effect on platelet and leukocyte counts.17 Similar to
P vivax, P ovale preferentially invades young red blood cells and is
associated with low levels of peripheral blood parasitemia.
Infected erythrocytes appear oval with fimbriae and Schüffner
dots on microscopy. In a meta-analysis of 1365 patients infected
with P ovale worldwide, severe P ovale affected approximately
0.03% (95% CI, 0.03%-0.05%).18 P ovale has a hypnozoite stage
and patients can present weeks to years after returning to the US

or can relapse after treatment of a blood-stage infection. There-
fore, P ovale infection requires medications that are active against
the liver hypnozoites to prevent illness.

P malariae is associated with low levels of peripheral parasit-
emia because it invades only aged erythrocytes, which are uncom-
mon in blood. P malariae accounted for only 2.8% of all malarial in-
fections in US travelers in 2017, and 54.8% of those with a diagnosis
of P malariae presented within 1 month of travel.2 P malariae does not
have a hypnozoite stage; however, it can cause illness months to years
after the patient has left the endemic region. Rarely, severe disease
can occur, and in a meta-analysis of 10 520 patients infected with
P malariae, the pooled prevalence estimate of severe malarial infec-
tion was 3% (95% CI, 2%-5%).19 Severe disease presented typically
as severe anemia, pulmonary complications, and kidney impairment.19

Table 2. Diagnostic Criteria for Severe Diseasea

Plasmodium
species

Criteria

Signs and symptoms Laboratory and radiology

P falciparum Impaired consciousness:
Glasgow Coma Scale score <11

Acidosis: base deficit of >8 mEq/L or plasma
bicarbonate <15 mEq/L or venous plasma lactate
≥5 mmol/L

Multiple convulsions:
>2 seizures within 24 h

Anemia: hemoglobin concentration <7 g/dL or
hematocrit <20% with a parasite count
>10 000/μL

Prostration: unable to sit, stand,
or walk without assistance

Hypoglycemia: blood or plasma glucose
<40 mg/dL

Significant bleeding: recurrent
or prolonged bleeding from the nose,
gums, or venipuncture sites;
hematemesis or melena

Parasitemia: ≥5%

Shock: circulatory collapse/shock Jaundice: plasma or serum bilirubin >3 mg/dL and
parasite count >100 000/μL

Kidney impairment: plasma or serum creatinine
>3 mg/dL or blood urea nitrogen >56 mg/dL

Pulmonary edema: radiologically confirmed
or oxygen saturation <92% on room air with a
respiratory rate >30/min

P vivax Defined as for falciparum malaria
but with no parasite density thresholds

P knowlesi Defined as for falciparum malaria
except as below

P knowlesi parasite density
>100 000/μL

Jaundice and parasite density
>20 000/μL

SI conversion factors: To convert
plasma glucose to mmol/L, multiply
by 0.0555; plasma or serum bilirubin
to μmol/L, multiply by 17.104; plasma
or serum creatinine to μmol/L,
multiply by 88.4; and urea nitrogen
to mmol/L, multiply by 0.357.
a Severe malaria can rarely occur

in P ovale and P malariae, with no
parasite density thresholds.

Table 1. Characteristics of Malaria Species Infections

Plasmodium
species Incubation period, d

No. of days between arrival to US
and onset of symptoms (%)a

Hypnozoite
stage Geographic distribution<30 d ≥365 d

P falciparum 9-14 96.4 0.1 No Sub-Saharan Africa, South
and Southeast Asia,
Eastern Mediterranean,
Western Pacific,
South America

P vivax 12-17
Relapse: 6-12 mo
(>2 y in some cases)

59.5 1.4 Yes Similar to P falciparum
and also present
in the Korean Peninsula

P ovale 16-18
Relapse: 8-45 mo

47.5 7.5 Yes Sub-Saharan Africa,
Southeast Asia,
Western Pacific

P malariae 18-40
Persistence
for decades

54.8 0 No South America,
Asia, Africa

P knowlesi 9-12 No data No data No Southeast Asia a Data from MMWR.2
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P knowlesi is a zoonotic parasite of macaques that is en-
demic in Southeast Asia but infrequent in travelers returning to
the US.20 Similar to P falciparum, this species can cause high
parasite loads, severe malaria, and death. In contrast to P falci-
parum, coma does not occur.21 Initially, P knowlesi was frequently
misdiagnosed as P malariae because the trophozoites shared
common features on microscopy. In a case series of deaths due to

P knowlesi, 69% of deaths were incorrectly identified as being
caused by P malariae.22 Deaths due to P knowlesi were commonly
associated with respiratory distress, jaundice, and acute kidney
injury. Severe disease is defined as for falciparum malaria, however
with different parasitemia cutoffs, which are parasite density
greater than 100 000/μL or jaundice and parasite density greater
than 20 000/μL (Table 2).14

Table 3. Treatment of Malariaa

Malaria species Drug Regimen Adverse reactions (frequency, %)b

Severity: uncomplicated malaria

P falciparum or unknown

Preferred treatment Artemether-lumefantrine (Coartem)
(1 tablet: 20 mg artemether + 120 mg
lumefantrine)c

Day 1: 4 tablets by mouth once and then
at 8 h
Days 2, 3: 4 tablets by mouth twice daily

Headache (56), anorexia (40), dizziness (39),
asthenia (38)

Alternative
treatments

Atovaquone-proguanil (1 tablet: 250 mg
atovaquone + 100 mg proguanil)d

4 Tablets by mouth daily for 3 d Abdominal pain (17), nausea/vomiting (12),
headache (10)

Quinine sulfatee plus doxycycline,
tetracycline, or clindamycine

Quinine sulfate: 542-mg base
(650-mg salt) by mouth 3 times daily for
3-7 d plus 1 of the following

“Cinchonism” (eg, headache, vision
disturbances, sweating)f

Doxycycline, 100 mg by mouth twice
daily for 7 d

Esophageal ulcers (<1), sunburn (>10),
diarrhea (5)

Tetracycline, 250 mg by mouth 4 times
daily for 7 d

Photosensitivity, abdominal discomfort,
nausea, vomiting

Clindamycin, 20 mg/kg/d by mouth
divided 3 times daily for 7 d

Diarrhea, Clostridioides difficile colitis,
hypersensitivity

Mefloquinee Base at 684 mg (750-mg salt) by mouth
once; then second dose of 456-mg base
(500-mg salt) by mouth at 6-12 h

Vomiting (3), neuropsychiatric effects,
dizziness

Chloroquine phosphate (if chloroquine
sensitive) (Aralen and generics)e

Base at 600 mg (1000-mg salt) by mouth
once; then 300-mg base (500-mg salt)
by mouth at 6, 24, and 48 h

Visual disturbances, nausea and vomiting,
pruritus

Hydroxychloroquine (if chloroquine
sensitive) (Plaquenil and generics)e

Base at 620 mg (800-mg salt) by mouth
once; then 310-mg base (400-mg salt)
by mouth at 6, 24, and 48 h

QT prolongation, neuropsychiatric effects,
abnormal liver function test results

P vivax or P ovale

Chloroquine sensitive

Acute treatment Chloroquine (Aralen and generics)e Base at 600 mg (1000-mg salt) by mouth
once; then 300-mg base (500-mg salt)
by mouth at 6, 24, and 48 h

Visual disturbances, nausea and vomiting,
pruritus

Hydroxychloroquine (Plaquenil
and generics)e

Base at 620 mg (800-mg salt) by mouth
once; then 310-mg base (400-mg salt)
by mouth at 6, 24, and 48 h

QT prolongation, neuropsychiatric effects,
abnormal liver function test results

Plus antirelapse
treatmentg

Primaquine phosphate Base at 30 mg by mouth daily for 14 d Hemolytic anemia in G6PD deficiency, nausea,
vomiting

Tafenoquine (Krintafel)h 1 Dose at 300 mg by mouth Diarrhea (18), headache (15), hemolytic
anemia in G6PD deficiency (<1), vortex
keratopathy (21-93)

Chloroquine resistant (Papua New Guinea, Indonesia)

Acute treatment Artemether-lumefantrine (Coartem)
(1 tablet: 20 mg artemether + 120 mg
lumefantrine)c

Day 1: 4 tablets by mouth once and then
at 8 h
Days 2, 3: 4 tablets by mouth twice daily

Headache (56), anorexia (40), dizziness (39),
asthenia (38)

Atovaquone-proguanil (Malarone) (1 tablet:
250 mg atovaquone + 100 mg proguanil)d

4 Tablets by mouth daily for 3 d Abdominal pain (17), nausea/vomiting (12),
headache (10)

Quinine sulfatee plus doxycycline,
tetracycline, or clindamycine

Quinine sulfate: 542-mg base
(650-mg salt) by mouth 3 times daily for
3-7 d plus 1 of the following:

“Cinchonism” (eg, headache, vision
disturbances, sweating)f

Doxycycline, 100 mg by mouth twice
daily for 7 d

Esophageal ulcers (<1), sunburn (>10),
diarrhea (5)

Tetracycline, 250 mg by mouth 4 times
daily for 7 d

Photosensitivity, abdominal discomfort,
nausea, vomiting

Clindamycin, 20 mg/kg/d by mouth
divided 3 times daily for 7 d

Diarrhea, Clostridioides difficile colitis,
hypersensitivity

Mefloquinee Base at 684 mg (750-mg salt) by mouth
once; then 456-mg base (500-mg salt)
by mouth at 6-12 h

Vomiting (3), neuropsychiatric effects,
dizziness

Plus antirelapse
treatmentg

Primaquine phosphate Base at 30 mg by mouth daily for 14 d Hemolytic anemia in G6PD deficiency, nausea,
vomiting

(continued)
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Diagnosing Malaria

Laboratory tests are necessary to confirm the diagnosis of malaria.
If tests are not available, the patient should promptly be referred to
a facility with diagnostic capabilities (Figure 2).

Microscopy
Microscopy is the criterion standard for diagnosis of malaria in the
US. It involves analyzing a drop of blood on thick and thin Giemsa-
stained blood films and requires an experienced microscopist. Thick
smears allow the analysis of a greater number of red blood cells and
are more sensitive in detecting parasites. Thin smears provide spe-
ciation and quantification and can be prepared more rapidly for in-
spection compared with thick smears. Three blood smears should
be obtained every 12 to 24 hours to establish the diagnosis of ma-
laria. All species have a similar appearance in the early ring stage, and
distinguishing between species may be difficult, particularly when
the level of parasitemia is low. In a meta-analysis of 8079 patients

with malaria, P ovale was misidentified as P vivax malaria during mi-
croscopy in 11% (95% CI, 7%-14%) of diagnoses compared with the
criterion standard of polymerase chain reaction.23 When there is a
high degree of suspicion for malaria in a patient with manifesta-
tions of severe disease with a negative smear, it is reasonable to em-
pirically initiate therapy, obtain additional smears, and rule out other
etiologies of illness (Figure 2).

A parasitemia level of at least 5% for P falciparum defines se-
vere disease, although travelers without immunity may have severe
disease with a lower peripheral parasite load. The Centers for Dis-
ease Control and Prevention (CDC) recommends that after initia-
tion of treatment for P falciparum, P knowlesi, or suspected chloro-
quine-resistant P vivax malaria, blood smear testing should be
repeated every 12 to 24 hours to confirm a therapeutic response, de-
fined as a decline in parasitemia level. In all patients, a negative smear
result should be documented after treatment. Infection with more
than 1 species can occur and careful inspection of the blood smear is
necessary to rule out coinfection.2 All laboratory-confirmed cases
should be reported to the state health department.

Table 3. Treatment of Malariaa (continued)

Malaria species Drug Regimen Adverse reactions (frequency, %)b

P malariae or P knowlesi

All regions (no known resistance)

Chloroquine (Aralen and generics)e Base at 600 mg (1000-mg salt) by mouth;
then 300-mg base (500-mg salt) by mouth
at 6, 24, and 48 h

Visual disturbances, nausea and vomiting,
pruritus

Hydroxychloroquine (Plaquenil and
generics)e

Base at 620 mg (800-mg salt) by mouth;
then 310-mg base (400-mg salt) by mouth
at 6, 24, and 48 h

QT prolongation, neuropsychiatric effects,
abnormal liver function test results

Artemether-lumefantrine (Coartem)
(1 tablet: 20-mg artemether + 120-mg
lumefantrine)c

Day 1: 4 tablets by mouth once and then
at 8 h
Days 2, 3: 4 tablets by mouth twice daily

Headache (56), anorexia (40), dizziness (39),
asthenia (38)

Atovaquone-proguanil (Malarone) (1 tablet:
250-mg atovaquone + 100-mg proguanil)d

4 Tablets by mouth daily for 3 d Abdominal pain (17), nausea/vomiting (12),
headache (10)

Quinine sulfatee plus doxycycline,
tetracycline, or clindamycine

Quinine sulfate: 542-mg base (650-mg salt)
by mouth 3 times daily for 3-7 d plus 1 of
the following:

“Cinchonism” (eg, headache, vision
disturbances, sweating)f

Doxycycline, 100 mg by mouth twice
daily for 7 d

Esophageal ulcers (<1), sunburn (>10),
diarrhea (5)

Tetracycline, 250 mg by mouth 4 times
daily for 7 d

Photosensitivity, abdominal discomfort,
nausea, vomiting

Clindamycin, 20 mg/kg/d by mouth
divided 3 times daily for 7 d

Diarrhea, Clostridioides difficile colitis,
hypersensitivity

Mefloquinee Base at 684 mg (750-mg salt) by mouth
once; then 456-mg base (500-mg salt)
by mouth at 6-12 h

Severity: severe malaria

All species Initial therapy: IV artesunatei IV at 2.4 mg/kg at 0, 12, and 24 h
Reassessment: unable to take oral
medication or parasite density >1%:
continue IV artesunate, same dose, daily up
to 7 d until parasite density ≤1%
When parasite density ≤1%, give full course
of an oral regimen

Acute kidney failure (8.9), jaundice (2.3),
hemoglobinuria (6.7)

Abbreviations: G6PD, glucose-6-phosphate dehydrogenase; IV, intravenous.
a Adapted from the Centers for Disease Control and Prevention.7

b Adverse reactions are based on product label by the US Food and Drug
Administration (FDA). Frequencies of adverse events for select drugs have not
been defined by the FDA.

c May be given in second and third trimesters in pregnant individuals.
d Contraindicated in pregnancy unless no other treatment options are available.
e May be given in all trimesters.
f Adverse effect occurs in almost all patients taking this medication.

g During pregnancy, give chloroquine 300-mg base (500-mg salt) weekly until
delivery and then treat with primaquine or tafenoquine to prevent relapse if
no contraindications.

h Tafenoquine is not effective to prevent recurrence if active infection treated
with nonchloroquine regimen.

i After initial therapy, complete a full oral regimen. If IV artesunate is not readily
available, give oral regimen while obtaining IV artesunate. Concomitant use
with ritonavir, nevirapine, or carbamazepine may decrease serum
concentrations of the active metabolite dihydroartemisinin and the efficacy
of artesunate.8
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Rapid Diagnostic Tests
Rapid diagnostic tests are a complementary diagnostic test, pro-
vide a rapid result, and require minimal training. They are often used
in US health care systems to screen patients, followed by micros-
copy, which can confirm the rapid diagnostic test result, identify the
species, and quantify the parasitemia level.

The BinaxNOW malaria test (Abbott Laboratories) is the
only Food and Drug Administration (FDA)–approved rapid diagnos-
tic test. It is an immunochromatographic assay that uses monoclo-
nal antibodies to detect the presence of P falciparum–specific
histidine-rich protein II and a panmalarial antigen common to all
species except for P knowlesi from a blood sample.24 This test can
determine whether P falciparum is present in the blood, with
99.7% sensitivity and 94.2% specificity for parasitemia levels
greater than 5000 parasites per microliter. False-negative results
can occur for P falciparum strains with deletions in the target HRP2
protein.25,26 This FDA-approved rapid diagnostic test can detect P
falciparum; however, it cannot distinguish between P vivax, P ovale,
and P malariae. RDTs have a lower sensitivity for nonfalciparum
species because these parasites typically are associated with low
peripheral blood parasite levels. With an experienced microscopist,
the limit of detection can be up to 5 to 10 parasites per microliter,
whereas the limit of detection of the rapid diagnostic test is 1001
parasites per microliter for P falciparum and 5001 for P vivax; thus,
microscopy is more sensitive than rapid diagnostic tests in the case
of low-level parasitemia.27 The Food and Drug Administration
requires that the rapid diagnostic test results be confirmed by the
more sensitive thick and thin microscopy. Rapid diagnostic test
results remain positive after treatment and cannot be used to
monitor response to antimalarial therapy.28

Prevention and Treatment of Malaria
Prevention of Malaria
A detailed travel itinerary should be obtained to determine whether
a patient is likely to be exposed to infectious mosquitoes. The CDC
website provides country-specific information on the risk of ma-
laria and recommended prophylaxis. In areas of high risk, personal
protective measures should be used to prevent malarial infection,
including mosquito repellents, protective clothing, bed nets,
screened accommodations, and vector control devices.29 Chemo-
prophylaxis can prevent infection and should be prescribed for in-
dividuals traveling to endemic areas. The ideal agent depends on
whether the region has chloroquine-sensitive or -resistant malaria,
drug adverse event profile, frequency of dosing, and patient pref-
erence (Table 4).30

Among US residents who developed malaria in 2017, 93% either
did not use or did not adhere to a CDC-recommended chemopro-
phylaxis regimen.2 Patients should be educated about malarial che-
moprophylaxis and the importance of adherence to preventive
therapy. Patients visiting friends and relatives, which constituted
50% of those with malaria in 2017, may have partial immunity to ma-
laria because of exposures during prior residence in malaria-
endemic regions. However, these patients are at risk for disease and
death and should receive prophylaxis. Other barriers to chemopro-
phylaxis include availability of drugs and high costs, which are not
always covered by health insurance.31 Malarial infection can occur

after chemoprophylaxis. For example, 42 cases of P falciparum and
5 cases of P malariae occurred in 2017 among patients who re-
ported complete adherence to a CDC-recommended chemopro-
phylaxis regimen.2

The P falciparum malaria vaccine, RTS,S/ASO1, is a recombinant
protein-based subunit vaccine that targets the sporozoite and
liver stages to prevent blood-stage disease. It was approved by the
World Health Organization in October 2021 for widespread use
among children living in malaria-endemic countries.32 Vaccine effi-
cacy was 46% (95% CI, 42%-50%) against clinical malaria in
African children during the 18 months after vaccination and 34%
(95% CI, 15% to 48%) against severe malaria, malaria hospitaliza-
tion, and all-cause hospitalization.33 This vaccine is not approved
for use in travelers because its efficacy has not been studied in resi-
dents of nonendemic regions.

Management of Uncomplicated Malaria
All uncomplicated P falciparum malaria can be treated with ACTs
regardless of chloroquine sensitivity.14 If ACTs are unavailable,
a non-ACT can be used for chloroquine-resistant malaria such
as atovaquone-proguanil or quinine plus clindamycin (Table 3).
In patients with known chloroquine-sensitive P falciparum,

Box. Commonly Asked Questions About Malaria

What Are Typical Signs and Symptoms of Malaria?
Patients with malaria typically present with symptoms that
resemble an influenzalike illness. Common symptoms are fever,
headache, myalgia, diarrhea, and shortness of breath. Severe
malaria can present with symptoms of confusion and dyspnea.
Because the symptoms of malaria are nonspecific, patients should
be asked about travel to areas with endemic malaria. Clinicians
should promptly order a malaria diagnostic test whenever malaria
is a possible diagnosis.

Why Is Chemoprophylaxis Continued After Patients Return
to the US After Travel to the Endemic Area?
Plasmodium falciparum, which has the highest mortality of the
malaria species, typically causes symptoms within 4 wk after
return from the endemic area due to parasites entering the
bloodstream from the liver during this period. To maintain
adequate blood levels of preventive therapy for a month,
chloroquine, mefloquine, and doxycycline are continued for 1 mo
after return to the US. Atovaquone-proguanil, primaquine, and
tafenoquine can eradicate the liver stage, and thus therapy is
continued for 1 wk after return to the US. It is important to educate
patients to adhere to the preventive regimen after returning to the
US to prevent malaria.

What Is the Best Way to Obtain a Laboratory Diagnosis of Malaria?
Microscopy remains the criterion standard to diagnose malaria.
It can indicate the species, quantify the parasitemia level, and
requires microscopy expertise. The BinaxNOW malaria test is the
only Food and Drug Administration–approved rapid diagnostic
test and is useful while microscopy results are awaited. Rapid
diagnostic tests achieve a more rapid result, can serve as
a point-of-care test, and are useful if the microscopist is
unavailable, such as during evening hours. The rapid diagnostic
test result must be confirmed by microscopy, which is a more
sensitive test and provides additional information, such as species,
to inform treatment.
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such as in Haiti, chloroquine remains a good treatment option.
If patients were receiving chemoprophylaxis and develop a malarial
infection, the treatment regimen should be an alternative antima-
larial therapy unless no other options are available. There have
been reports of reduced efficacy of artemisinin-lumefantrine for
patients with P falciparum malaria and high body mass index.
Among 61 patients with P falciparum, the effectiveness of
artemisinin-lumefantrine was 100% (95% CI, 66.4%-100%) in
subjects weighing 65 kg or less and 90.4% (95% CI, 79.0%-
96.8%) in those weighing more than 65 kg.34 Patients, including
those with high body mass index, should be aware of possible
relapse after treatment and, if symptoms recur, promptly seek
medical care. P falciparum malaria relapse could also be due to
drug resistance. Artemisinin-resistant malaria now affects patients
with malaria in parts of Cambodia, the Lao People’s Democratic
Republic, Myanmar, Thailand, Vietnam, Rwanda, Uganda, and
Amazonia.14,35-37 In an open-label trial of 1241 subjects in western
Cambodia, where artemisinin-based combination therapies were
failing, efficacy of a 6-day course of antimalarial therapy was associ-
ated with a cure rate of 97.7% (95% CI, 90.9% to 99.4%) at 42
days.38 Thus, treatment of artemisinin-resistant malaria may
require an alternative therapy with atovaquone-proguanil or 6 days
of ACT therapy (Table 3). Consultation with experts through the
CDC Malaria Hotline can provide guidance for the evaluation and
treatment of suspected drug-resistant malaria.

P vivax, P ovale, P malariae, and P knowlesi are typically chlo-
roquine sensitive, and the World Health Organization recom-
mends treatment with either ACT (except for pregnant individuals
in their first trimester) or chloroquine for regions with chloroquine-
susceptible infections for uncomplicated malaria.14

In regions with P vivax chloroquine resistance, including in Papua
New Guinea, Indonesia, and Oceania, and where chloroquine fail-
ure exceeds 10% at day 28 posttherapy, ACT should be used in-
stead of chloroquine.14,39 Microscopic detection of parasites at 48
hours after chloroquine treatment in P vivax is associated with chlo-
roquine resistance, and for these patients, ACT should be consid-
ered for treatment.40

Treating Severe Malaria
Patients with severe malaria must receive rapid diagnosis and
treatment. Severe disease is defined by World Health Organiza-
tion criteria (Table 2). In 2017, severe disease in US travelers pre-
sented as parasitemia of at least 5% (68.8%), acute kidney injury

(15.1%), cerebral malaria (10.6%), acute respiratory distress syn-
drome (8.0%), severe anemia (4.2%), and jaundice (3.9%).2

Intravenous artesunate is the drug of choice for severe malaria
and is now available commercially.41 It should be administered for
at least 3 doses. Once the parasite density is 1% or less and the
patient is able to take medications by mouth, a full oral treatment
course of ACT is administered. A study of 170 US patients with
severe malaria reported that 93.5% achieved parasitemia at 1% or
less by the third dose of intravenous artesunate.42 A potential
adverse effect of artesunate is post-artemisinin delayed hemoly-
sis, defined as a 10% or greater decrease in hemoglobin levels
with haptoglobin less than 0.1 g/L and an increase of lactate dehy-
drogenase to greater than 390 U/L, or an increase of at least 10%
over values from presentation occurring at least 7 days after ini-
tiation of intravenous artesunate. Postartemisinin delayed hemo-
lysis occurred in 4.8% of 280 US patients presenting 1 to 3 weeks
after treatment.42 Patients should be monitored for this adverse
event for 4 weeks posttherapy8; rare case reports after oral
therapy for treatment of severe falciparum malaria with ACTs
have been described.43,44 Intravenous quinidine is no longer
available for treatment in the US.

A retrospective review of 21 travelers who presented to a met-
ropolitan tertiary care hospital with severe malaria between 2000
and 2017 reported 100% survival; however, between 2016 and
2017, 13 deaths were reported nationally.2,10,45 Contrary to treat-
ment guidelines, 30.4% of patients with severe malaria in 2017
were treated with an oral antimalarial regimen.2 Hospital pharma-
cies should consider stocking artemisinin, particularly in regions
where malaria is common and this may increase its rate of use for
severe disease. Alternatively, emergency procurement of artemisi-
nin can be sought. If there is a delay in obtaining artemisinin, oral
antimalarials should be administered while intravenous artesunate
is awaited.

Levels of blood glucose, hematocrit, parasitemia, and plasma
bicarbonate, as well as kidney function, should be monitored in se-
vere malaria. Excessive intravenous fluids could potentially worsen
pulmonary or cerebral edema. Restrictive fluid management did not
worsen kidney function or tissue perfusion.46 Blood cultures should
be obtained to identify a concomitant bacterial infection, and anti-
biotics should be initiated if bacterial superinfection is suspected,
particularly in the setting of hypotension.14

Acute kidney injury is common in severe malaria, and creati-
nine and urine output should be monitored daily.47 A phase 2

Table 4. Malaria Chemoprophylaxis by Dosing Frequency

Drug

During travel

Pretravel Posttravel Adverse events (frequency, %)Daily Weekly
Atovaquone/
proguanil
(250 mg/100 mg)

X Daily for 1-2 d
before travel

Daily, 7 d Nausea/vomiting (12)

Doxycycline
(100 mg)

X Daily, 1-2 d Daily, 30 d Esophageal ulcers (<1), sunburn
(>10)

Primaquine
(30-mg base)a,b

X Daily, 1-2 d Daily, 7 d G6PD deficiency–associated
anemia

Chloroquine
(300-mg base)

X Weekly, 1-2 wk Weekly, 4 wk Nausea/vomiting

Mefloquine
(228-mg base)

X Weekly, 1-2 wk Weekly, 4 wk Neuropsychiatric (14)

Tafenoquine
(200 mg)c,d

X Daily, 3 d Weekly, 7 d G6PD deficiency–associated
anemia

Abbreviation: G6PD,
glucose-6-phosphate
dehydrogenase.
a Primaquine is most effective in

areas with greater than 90%
Plasmodium vivax.

b Primaquine and tafenoquine may be
used as postexposure prophylaxis in
travelers to P vivax– or P ovale–
endemic areas.

c Tafenoquine is Food and Drug
Administration approved for
chemoprophylaxis.

d Frequency of adverse event is not
defined by the Food and Drug
Administration.
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open-label randomized controlled trial of 62 adults in Bangladesh
who had severe falciparum malaria and received acetaminophen
(paracetamol) found a greater median proportional reduction in
serum creatinine level at 72 hours compared with the value at
study enrollment (23%; IQR, 18%-37%) compared with patients
who did not receive acetaminophen (14%; IQR, 0%-29%; P = .04),
suggesting a beneficial effect of acetaminophen on restoring kid-
ney function.48 Acetaminophen may reduce heme-ferryl radical–
mediated kidney damage, and clinical trials are ongoing to study its
efficacy as a preventive therapy.

Cerebral malaria is an encephalopathy due to malaria, with a
complex pathophysiology and a mortality rate of approximately 15%
to 20%. It is often associated with cerebral edema, seizures, and
other vital organ involvement. Pipecolic acid, a neuromodulatory
molecule produced by Plasmodium parasites, was elevated in the
plasma of 35 patients with cerebral malaria compared with 10 with
mild malaria, suggesting a possible mechanism of coma.49 Alterna-
tive etiologies of coma, including hypoglycemia and meningitis,
should be ruled out. Lumbar puncture was safe in 866 patients
with cerebral malaria and neuroimaging should be obtained as
indicated.50 Cerebral edema can develop in cerebral malaria and sup-
portive care should be administered.51 In an open-label random-
ized trial of 60 patients with cerebral malaria, median time to re-
covery from coma was 90 hours (range, 22-380 hours) with mannitol
vs 32 hours (range, 5-168 hours) without (P = .02) and was associ-
ated with higher mortality (30% vs 13%) compared with the no ad-
junctive therapy arm.52 More than 32 randomized clinical trials to
test adjunctive therapies, such as dexamethasone, inhaled nitric
oxide, and anti–tumor necrosis factor monoclonal antibody to im-
prove outcomes in severe malaria, have been conducted and none
have demonstrated beneficial effects.53

Exchange blood transfusion, in which the patient’s blood is re-
moved and replaced by donated blood, has not been demon-
strated to improve outcomes.54,55 The World Health Organization
makes no recommendation for its use in severe malaria and the CDC
does not recommend its use.14

Treating Hypnozoites in P ovale and P vivax
P vivax and P ovale hypnozoites can reactivate to cause malaria
weeks to years after an individual leaves the endemic area
(Figure 1). The biology of hypnozoites is unique and antimalarial
therapies are ineffective for hypnozoite eradication. Primaquine
and tafenoquine are 8-aminoquinolines that can eradicate hypno-
zoites to prevent relapse. Activity of glucose-6-phosphate dehy-
drogenase (G6PD) must be measured before the agent’s prescrip-
tion because it can cause hemolysis in the setting of G6PD
deficiency. Primaquine requires 2 weeks of oral therapy in contrast
to tafenoquine, which requires a single dose.56 Tafenoquine has 2
formulations: Krintafel (GlaxoSmithKline) for hypnozoite eradica-
tion and Arakoda (Sixty Degrees Pharma) for primary chemopro-
phylaxis for all species of malaria.30 Randomized clinical trials as
part of multicenter, international trials demonstrated the benefit of
a single dose of tafenoquine comparable to 2 weeks of primaquine
to prevent recurrent P vivax malaria.57,58 Tafenoquine can be used

after successful chloroquine treatment of the blood stage and is
not approved for use with other antimalarial treatment regimens.59

Tafenoquine is contraindicated in patients with G6PD deficiency
(<70% enzymatic function), during pregnancy, and in parents
breastfeeding infants with unknown G6PD status.60 For patients
with G6PD deficiency, primaquine (45-mg base) by mouth can be
administered for 8 weeks with close monitoring for hemolysis and
consultation of an expert in infectious diseases.61

Pregnant Individuals and Malaria
Malarial infection during pregnancy can cause fetal loss, low birth
weight, or congenital infection.62 Atovaquone-proguanil is contra-
indicated for use during pregnancy unless no other treatment op-
tions are available.63 Tetracycline is contraindicated in breastfeed-
ing mothers.

The treatment of uncomplicated chloroquine-resistant malaria
during the first trimester is with 7 days of quinine plus clindamycin.
Artemisinin combination therapies can be used to treat uncompli-
cated malaria in the second and third trimester. Tafenoquine and
primaquine are contraindicated during pregnancy for preventing
relapse of P vivax or P ovale malaria. After treatment of P vivax or P
ovale malaria in pregnant and breastfeeding individuals, weekly
chemoprophylaxis with chloroquine should be prescribed until
delivery, followed by 2 weeks of primaquine or a single dose of
tafenoquine, according to the patient’s G6PD status.14 Tafenoquine
and primaquine should not be used in lactating parents, if the
infant has G6PD deficiency, or if the G6PD status is unknown. Intra-
venous artesunate is the treatment of choice in all trimesters for
severe malaria during pregnancy.14 Congenital malaria was diag-
nosed in 2 patients in the US in 2017, and thus blood smears should
routinely be obtained from the newborn when malarial infection
was possible during pregnancy.2

The CDC provides resources for malaria management, includ-
ing assessment for drug resistance. They are available through the
CDC Malaria Hotline (https://www.cdc.gov/malaria/diagnosis_
treatment/clinicians1.html).

Limitations
This review has several limitations. First, the quality of the included
evidence was not evaluated. Second, some relevant studies may not
have been included. Third, the review was limited to travelers re-
turning to the US and may not be generalizable to other popula-
tions. Fourth, much of the evidence on incidence and characteris-
tics of malaria comes from the 2017 CDC report, which provides the
most current US data available at this time.61

Conclusion
Approximately 2000 cases of malaria are diagnosed each year in the
US, most commonly in travelers returning from visiting endemic
areas. Prevention and treatment of malaria depend on the species
and the drug sensitivity of parasites from the region of acquisition.
Intravenous artesunate is first-line therapy for severe malaria.

ARTICLE INFORMATION

Accepted for Publication: July 1, 2022.

Author Contributions: Drs Daily and Khan had full
access to all of the data in the study and take

responsibility for the integrity of the data and the
accuracy of the data analysis.
Concept and design: Daily, Khan.

Review: Diagnosis, Treatment, and Prevention of Malaria in the US Review Clinical Review & Education

jama.com (Reprinted) JAMA August 2, 2022 Volume 328, Number 5 469

© 2022 American Medical Association. All rights reserved.

https://www.cdc.gov/malaria/diagnosis_treatment/clinicians1.html
https://www.cdc.gov/malaria/diagnosis_treatment/clinicians1.html
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.12366


Acquisition, analysis, or interpretation of data: All
authors.
Drafting of the manuscript: Daily, Khan.
Critical revision of the manuscript for important
intellectual content: All authors.
Administrative, technical, or material support:
Minuti, Khan.
Supervision: Daily.

Conflict of Interest Disclosures: None reported.

Additional Contributions: Cheryl Sachdeva, PhD,
Department of Medicine (Infectious Diseases),
Albert Einstein College of Medicine, reviewed the
manuscript; no compensation was received.

Submissions: We encourage authors to submit
papers for consideration as a Review. Please
contact Mary McGrae McDermott, MD, at
mdm608@northwestern.edu.

REFERENCES

1. World Health Organization. World malaria report
2021. December 2021. https://www.who.int/teams/
global-malaria-programme/reports/world-malaria-
report-2021

2. Mace KE, Lucchi NW, Tan KR. Malaria
surveillance—United States, 2017. MMWR Surveill
Summ. 2021;70(2):1-35. doi:10.15585/mmwr.
ss7002a1

3. Stubbs LA, Price M, Noland D, et al.
Transfusion-transmitted malaria: two pediatric
cases from the United States and their relevance in
an increasingly globalized world. J Pediatric Infect
Dis Soc. 2021;10(12):1092-1095. doi:10.1093/jpids/
piab083

4. Anand A, Mace KE, Townsend RL, et al.
Investigation of a case of suspected
transfusion-transmitted malaria. Transfusion. 2018;
58(9):2115-2121. doi:10.1111/trf.14778

5. Taylor SM, Molyneux ME, Simel DL, Meshnick
SR, Juliano JJ. Does this patient have malaria? JAMA.
2010;304(18):2048-2056. doi:10.1001/jama.2010.
1578

6. Garcia-Ruiz de Morales A, Morcate C, Isaba-Ares
E, Perez-Tanoira R, Perez-Molina JA. High
prevalence of malaria in a non-endemic setting
among febrile episodes in travellers and migrants
coming from endemic areas: a retrospective
analysis of a 2013-2018 cohort. Malar J. 2021;20(1):
449. doi:10.1186/s12936-021-03984-9

7. Centers for Disease Control and Prevention.
Malaria. https://www.cdc.gov/parasites/malaria/
index.html

8. Paczkowski MM, Landman KL, Arguin PM;
Centers for Disease Control and Prevention (CDC).
Update on cases of delayed hemolysis after
parenteral artesunate therapy for malaria—United
States, 2008 and 2013. MMWR Morb Mortal Wkly
Rep. 2014;63(34):753-755.

9. Goldman-Yassen AE, Mony VK, Arguin PM,
Daily JP. Higher rates of misdiagnosis in pediatric
patients versus adults hospitalized with imported
malaria. Pediatr Emerg Care. 2016;32(4):227-231.
doi:10.1097/PEC.0000000000000251

10. Mace KE, Arguin PM, Lucchi NW, Tan KR.
Malaria surveillance—United States, 2016. MMWR
Surveill Summ. 2019;68(5):1-35. doi:10.15585/
mmwr.ss6805a1

11. Haeseleer C, Martiny D, Van Laethem Y,
Cantinieaux B, Martin C. Reactivation of
Plasmodium infection during a treatment with

infliximab: a case report. Int J Infect Dis. 2020;91:
101-103. doi:10.1016/j.ijid.2019.11.016

12. Baird JK. Management of Plasmodium vivax risk
and illness in travelers. Trop Dis Travel Med Vaccines.
2017;3:7. doi:10.1186/s40794-017-0049-x

13. Kho S, Qotrunnada L, Leonardo L, et al.
Evaluation of splenic accumulation and
colocalization of immature reticulocytes and
Plasmodium vivax in asymptomatic malaria:
a prospective human splenectomy study. PLoS Med.
2021;18(5):e1003632. doi:10.1371/journal.pmed.
1003632

14. World Health Organization. WHO guidelines for
malaria. June 3, 2022. https://www.who.int/
publications/i/item/guidelines-for-malaria

15. Kotepui M, Kotepui KU, Milanez GJ,
Masangkay FR. Prevalence and risk factors related
to poor outcome of patients with severe
Plasmodium vivax infection: a systematic review,
meta-analysis, and analysis of case reports. BMC
Infect Dis. 2020;20(1):363. doi:10.1186/s12879-
020-05046-y

16. Commons RJ, Simpson JA, Watson J, White NJ,
Price RN. Estimating the proportion of Plasmodium
vivax recurrences caused by relapse: a systematic
review and meta-analysis. Am J Trop Med Hyg.
2020;103(3):1094-1099. doi:10.4269/ajtmh.20-0186

17. Mahittikorn A, Masangkay FR, Kotepui KU,
Milanez GJ, Kotepui M. Comparison of Plasmodium
ovale curtisi and Plasmodium ovale wallikeri
infections by a meta-analysis approach. Sci Rep.
2021;11(1):6409. doi:10.1038/s41598-021-85398-w

18. Kotepui M, Kotepui KU, Milanez GD,
Masangkay FR. Severity and mortality of severe
Plasmodium ovale infection: a systematic review
and meta-analysis. PLoS One. 2020;15(6):e0235014.
doi:10.1371/journal.pone.0235014

19. Kotepui M, Kotepui KU, Milanez GD,
Masangkay FR. Global prevalence and mortality of
severe Plasmodium malariae infection: a systematic
review and meta-analysis. Malar J. 2020;19(1):274.
doi:10.1186/s12936-020-03344-z

20. Jeyaprakasam NK, Liew JWK, Low VL,
Wan-Sulaiman WY, Vythilingam I. Plasmodium
knowlesi infecting humans in Southeast Asia: what’s
next? PLoS Negl Trop Dis. 2020;14(12):e0008900.
doi:10.1371/journal.pntd.0008900

21. Grigg MJ, William T, Barber BE, et al.
Age-related clinical spectrum of Plasmodium
knowlesi malaria and predictors of severity. Clin
Infect Dis. 2018;67(3):350-359. doi:10.1093/cid/
ciy065

22. Rajahram GS, Cooper DJ, William T, Grigg MJ,
Anstey NM, Barber BE. Deaths from Plasmodium
knowlesi malaria: case series and systematic review.
Clin Infect Dis. 2019;69(10):1703-1711. doi:10.1093/
cid/ciz011

23. Kotepui M, Masangkay FR, Kotepui KU,
De Jesus Milanez G. Misidentification of
Plasmodium ovale as Plasmodium vivax malaria
by a microscopic method: a meta-analysis of
confirmed P ovale cases. Sci Rep. 2020;10(1):21807.
doi:10.1038/s41598-020-78691-7

24. Kavanaugh MJ, Azzam SE, Rockabrand DM.
Malaria rapid diagnostic tests: literary review and
recommendation for a quality assurance, quality
control algorithm. Diagnostics (Basel). 2021;11(5):768.
doi:10.3390/diagnostics11050768

25. Agaba BB, Yeka A, Nsobya S, et al. Systematic
review of the status of pfhrp2 and pfhrp3 gene
deletion, approaches and methods used for its
estimation and reporting in Plasmodium falciparum
populations in Africa: review of published studies
2010-2019. Malar J. 2019;18(1):355. doi:10.1186/
s12936-019-2987-4

26. Gendrot M, Fawaz R, Dormoi J, Madamet M,
Pradines B. Genetic diversity and deletion of
Plasmodium falciparum histidine-rich protein 2
and 3: a threat to diagnosis of P falciparum malaria.
Clin Microbiol Infect. 2019;25(5):580-585. doi:10.
1016/j.cmi.2018.09.009

27. Gimenez AM, Marques RF, Regiart M,
Bargieri DY. Diagnostic methods for non-falciparum
malaria. Front Cell Infect Microbiol. 2021;11:681063.
doi:10.3389/fcimb.2021.681063

28. Dalrymple U, Arambepola R, Gething PW,
Cameron E. How long do rapid diagnostic tests
remain positive after anti-malarial treatment? Malar
J. 2018;17(1):228. doi:10.1186/s12936-018-2371-9

29. Agudelo Higuita NI, White BP, Franco-Paredes
C, McGhee MA. An update on prevention of malaria
in travelers. Ther Adv Infect Dis. 2021;8:
20499361211040690. doi:10.1177/
20499361211040690

30. Chen V, Daily JP. Tafenoquine: the new kid on
the block. Curr Opin Infect Dis. 2019;32(5):407-412.
doi:10.1097/QCO.0000000000000574

31. Frosch AE, Thielen BK, Alpern JD, et al.
Antimalarial chemoprophylaxis and treatment in
the United States: limited access and extreme price
variability. J Travel Med. 2021;taab117. doi:10.1093/
jtm/taab117

32. WHO recommends groundbreaking malaria
vaccine for children at risk. World Health
Organization. October 6, 2021. Accessed
February 1, 2022. https://www.who.int/news/item/
06-10-2021-who-recommends-groundbreaking-
malaria-vaccine-for-children-at-risk

33. RTS,S Clinical Trials Partnership. Efficacy and
safety of the RTS,S/AS01 malaria vaccine during 18
months after vaccination: a phase 3 randomized,
controlled trial in children and young infants at 11
African sites. PLoS Med. 2014;11(7):e1001685. doi:
10.1371/journal.pmed.1001685

34. Sondén K, Wyss K, Jovel I, et al. High rate of
treatment failures in nonimmune travelers treated
with artemether-lumefantrine for uncomplicated
Plasmodium falciparum malaria in Sweden:
retrospective comparative analysis of effectiveness
and case series. Clin Infect Dis. 2017;64(2):199-206.
doi:10.1093/cid/ciw710

35. Uwimana A, Legrand E, Stokes BH, et al.
Emergence and clonal expansion of in vitro
artemisinin-resistant Plasmodium falciparum
kelch13 R561H mutant parasites in Rwanda. Nat Med.
2020;26(10):1602-1608. doi:10.1038/s41591-020-
1005-2

36. Mathieu LC, Cox H, Early AM, et al Local
emergence in Amazonia of Plasmodium falciparum
k13 C580Y mutants associated with in vitro
artemisinin resistance. Elife. 2020;9:e51015. doi:10.
7554/eLife.51015

37. Balikagala B, Fukuda N, Ikeda M, et al. Evidence
of artemisinin-resistant malaria in Africa. N Engl J Med.
2021;385(13):1163-1171. doi:10.1056/NEJMoa2101746

38. Ashley EA, Dhorda M, Fairhurst RM, et al;
Tracking Resistance to Artemisinin Collaboration

Clinical Review & Education Review Review: Diagnosis, Treatment, and Prevention of Malaria in the US

470 JAMA August 2, 2022 Volume 328, Number 5 (Reprinted) jama.com

© 2022 American Medical Association. All rights reserved.

mailto:mdm608@northwestern.edu
https://www.who.int/teams/global-malaria-programme/reports/world-malaria-report-2021
https://www.who.int/teams/global-malaria-programme/reports/world-malaria-report-2021
https://www.who.int/teams/global-malaria-programme/reports/world-malaria-report-2021
https://dx.doi.org/10.15585/mmwr.ss7002a1
https://dx.doi.org/10.15585/mmwr.ss7002a1
https://dx.doi.org/10.1093/jpids/piab083
https://dx.doi.org/10.1093/jpids/piab083
https://dx.doi.org/10.1111/trf.14778
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2010.1578?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.12366
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2010.1578?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.12366
https://dx.doi.org/10.1186/s12936-021-03984-9
https://www.cdc.gov/parasites/malaria/index.html
https://www.cdc.gov/parasites/malaria/index.html
https://www.ncbi.nlm.nih.gov/pubmed/25166926
https://www.ncbi.nlm.nih.gov/pubmed/25166926
https://dx.doi.org/10.1097/PEC.0000000000000251
https://dx.doi.org/10.15585/mmwr.ss6805a1
https://dx.doi.org/10.15585/mmwr.ss6805a1
https://dx.doi.org/10.1016/j.ijid.2019.11.016
https://dx.doi.org/10.1186/s40794-017-0049-x
https://dx.doi.org/10.1371/journal.pmed.1003632
https://dx.doi.org/10.1371/journal.pmed.1003632
https://www.who.int/publications/i/item/guidelines-for-malaria
https://www.who.int/publications/i/item/guidelines-for-malaria
https://dx.doi.org/10.1186/s12879-020-05046-y
https://dx.doi.org/10.1186/s12879-020-05046-y
https://dx.doi.org/10.4269/ajtmh.20-0186
https://dx.doi.org/10.1038/s41598-021-85398-w
https://dx.doi.org/10.1371/journal.pone.0235014
https://dx.doi.org/10.1186/s12936-020-03344-z
https://dx.doi.org/10.1371/journal.pntd.0008900
https://dx.doi.org/10.1093/cid/ciy065
https://dx.doi.org/10.1093/cid/ciy065
https://dx.doi.org/10.1093/cid/ciz011
https://dx.doi.org/10.1093/cid/ciz011
https://dx.doi.org/10.1038/s41598-020-78691-7
https://dx.doi.org/10.3390/diagnostics11050768
https://dx.doi.org/10.1186/s12936-019-2987-4
https://dx.doi.org/10.1186/s12936-019-2987-4
https://dx.doi.org/10.1016/j.cmi.2018.09.009
https://dx.doi.org/10.1016/j.cmi.2018.09.009
https://dx.doi.org/10.3389/fcimb.2021.681063
https://dx.doi.org/10.1186/s12936-018-2371-9
https://dx.doi.org/10.1177/20499361211040690
https://dx.doi.org/10.1177/20499361211040690
https://dx.doi.org/10.1097/QCO.0000000000000574
https://dx.doi.org/10.1093/jtm/taab117
https://dx.doi.org/10.1093/jtm/taab117
https://www.who.int/news/item/06-10-2021-who-recommends-groundbreaking-malaria-vaccine-for-children-at-risk
https://www.who.int/news/item/06-10-2021-who-recommends-groundbreaking-malaria-vaccine-for-children-at-risk
https://www.who.int/news/item/06-10-2021-who-recommends-groundbreaking-malaria-vaccine-for-children-at-risk
https://dx.doi.org/10.1371/journal.pmed.1001685
https://dx.doi.org/10.1093/cid/ciw710
https://dx.doi.org/10.1038/s41591-020-1005-2
https://dx.doi.org/10.1038/s41591-020-1005-2
https://dx.doi.org/10.7554/eLife.51015
https://dx.doi.org/10.7554/eLife.51015
https://dx.doi.org/10.1056/NEJMoa2101746
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.12366


(TRAC). Spread of artemisinin resistance in
Plasmodium falciparum malaria. N Engl J Med. 2014;
371(5):411-423. doi:10.1056/NEJMoa1314981

39. Chu CS, White NJ. The prevention and
treatment of Plasmodium vivax malaria. PLoS Med.
2021;18(4):e1003561. doi:10.1371/journal.pmed.
1003561

40. Price RN, von Seidlein L, Valecha N,
Nosten F, Baird JK, White NJ. Global extent of
chloroquine-resistant Plasmodium vivax:
a systematic review and meta-analysis. Lancet
Infect Dis. 2014;14(10):982-991. doi:10.1016/S1473-
3099(14)70855-2

41. Centers for Disease Control and Prevention.
Intravenous artesunate for treatment of severe
malaria in the United States. Accessed December 1,
2021. https://www.cdc.gov/malaria/diagnosis_
treatment/artesunate.html

42. Abanyie F, Acharya SD, Leavy I, Bowe M,
Tan KR. Safety and effectiveness of intravenous
artesunate for treatment of severe malaria in the
United States—April 2019 through December 2020.
Clin Infect Dis. 2021;73(11):1965-1972. doi:10.1093/
cid/ciab570

43. Tsuchido Y, Nakamura-Uchiyama F, Toyoda K,
et al. Development of delayed hemolytic anemia
after treatment with oral artemether-lumefantrine
in two patients with severe falciparum malaria. Am J
Trop Med Hyg. 2017;96(5):1185-1189. doi:10.4269/
ajtmh.16-0460

44. Conlon CC, Stein A, Colombo RE, Schofield C.
Post-artemisinin delayed hemolysis after oral
therapy for P falciparum infection. IDCases. 2020;
20:e00741. doi:10.1016/j.idcr.2020.e00741

45. Akselrod H, Swierzbinski MJ, Zheng Z, Keiser J,
Parenti DM, Simon GL. Characteristics and severity
of disease among 100 cases of imported malaria
seen at a US university hospital, 2000-2017. Am J
Trop Med Hyg. 2018;99(6):1511-1517. doi:10.4269/
ajtmh.18-0608

46. Ishioka H, Plewes K, Pattnaik R, et al.
Associations between restrictive fluid management

and renal function and tissue perfusion in adults
with severe falciparum malaria: a prospective
observational study. J Infect Dis. 2020;221(2):285-
292. doi:10.1093/infdis/jiz449

47. Plewes K, Kingston HWF, Ghose A, et al.
Acetaminophen as a renoprotective adjunctive
treatment in patients with severe and moderately
severe falciparum malaria: a randomized,
controlled, open-label trial. Clin Infect Dis. 2018;67
(7):991-999. doi:10.1093/cid/ciy213

48. Plewes K, Turner GDH, Dondorp AM.
Pathophysiology, clinical presentation, and
treatment of coma and acute kidney injury
complicating falciparum malaria. Curr Opin Infect Dis.
2018;31(1):69-77. doi:10.1097/QCO.
0000000000000419

49. Keswani T, Obeidallah A, Nieves E, et al.
Pipecolic acid, a putative mediator of the
encephalopathy of cerebral malaria and the
experimental model of cerebral malaria. J Infect Dis.
2022;225(4):705-714. doi:10.1093/infdis/jiab615

50. Moxon CA, Zhao L, Li C, et al. Safety of lumbar
puncture in comatose children with clinical features
of cerebral malaria. Neurology. 2016;87(22):2355-
2362. doi:10.1212/WNL.0000000000003372

51. Seydel KB, Kampondeni SD, Valim C, et al. Brain
swelling and death in children with cerebral malaria.
N Engl J Med. 2015;372(12):1126-1137. doi:10.1056/
NEJMoa1400116

52. Mohanty S, Mishra SK, Patnaik R, et al. Brain
swelling and mannitol therapy in adult cerebral
malaria: a randomized trial. Clin Infect Dis. 2011;53
(4):349-355. doi:10.1093/cid/cir405

53. Varo R, Crowley VM, Sitoe A, et al. Adjunctive
therapy for severe malaria: a review and critical
appraisal. Malar J. 2018;17(1):47. doi:10.1186/
s12936-018-2195-7

54. Lin J, Huang X, Qin G, et al. Manual exchange
transfusion for severe imported falciparum malaria:
a retrospective study. Malar J. 2018;17(1):32. doi:10.
1186/s12936-018-2174-z

55. Dongare HC, Khatib KI. Exchange transfusion in
severe falciparum malaria. J Clin Diagn Res. 2016;10
(2):OD05-OD06. doi:10.7860/JCDR/2016/16341.
7190

56. Baird JK. Tafenoquine for travelers’ malaria:
evidence, rationale and recommendations. J Travel
Med. 2018;25(1):tay110. doi:10.1093/jtm/tay110

57. Llanos-Cuentas A, Lacerda MVG, Hien TT, et al.
Tafenoquine versus primaquine to prevent relapse
of Plasmodium vivax malaria. N Engl J Med. 2019;
380(3):229-241. doi:10.1056/NEJMoa1802537

58. Lacerda MVG, Llanos-Cuentas A, Krudsood S,
et al. Single-dose tafenoquine to prevent relapse of
Plasmodium vivax malaria. N Engl J Med. 2019;380
(3):215-228. doi:10.1056/NEJMoa1710775

59. Change in Krintafel (tafenoquine) label.
Centers for Disease Control and Prevention.
Updated February 24, 2020. Accessed February 1,
2022. https://www.cdc.gov/malaria/new_info/
2020/tafenoquine_2020.html

60. Chu CS, Freedman DO. Tafenoquine and G6PD:
a primer for clinicians. J Travel Med. 2019;26(4):
taz023. doi:10.1093/jtm/taz023

61. CDC. Treatment of Malaria: Guidelines for
Clinicians (United States). November 2020. https://
www.cdc.gov/malaria/resources/pdf/treatment_
guidelines_101819.pdf

62. Moore KA, Simpson JA, Scoullar MJL,
McGready R, Fowkes FJI. Quantification of the
association between malaria in pregnancy and
stillbirth: a systematic review and meta-analysis.
Lancet Glob Health. 2017;5(11):e1101-e1112. doi:10.
1016/S2214-109X(17)30340-6

63. Andrejko KL, Mayer RC, Kovacs S, et al. The
safety of atovaquone-proguanil for the prevention
and treatment of malaria in pregnancy: a systematic
review. Travel Med Infect Dis. 2019;27:20-26. doi:
10.1016/j.tmaid.2019.01.008

Review: Diagnosis, Treatment, and Prevention of Malaria in the US Review Clinical Review & Education

jama.com (Reprinted) JAMA August 2, 2022 Volume 328, Number 5 471

© 2022 American Medical Association. All rights reserved.

https://dx.doi.org/10.1056/NEJMoa1314981
https://dx.doi.org/10.1371/journal.pmed.1003561
https://dx.doi.org/10.1371/journal.pmed.1003561
https://dx.doi.org/10.1016/S1473-3099(14)70855-2
https://dx.doi.org/10.1016/S1473-3099(14)70855-2
https://www.cdc.gov/malaria/diagnosis_treatment/artesunate.html
https://www.cdc.gov/malaria/diagnosis_treatment/artesunate.html
https://dx.doi.org/10.1093/cid/ciab570
https://dx.doi.org/10.1093/cid/ciab570
https://dx.doi.org/10.4269/ajtmh.16-0460
https://dx.doi.org/10.4269/ajtmh.16-0460
https://dx.doi.org/10.1016/j.idcr.2020.e00741
https://dx.doi.org/10.4269/ajtmh.18-0608
https://dx.doi.org/10.4269/ajtmh.18-0608
https://dx.doi.org/10.1093/infdis/jiz449
https://dx.doi.org/10.1093/cid/ciy213
https://dx.doi.org/10.1097/QCO.0000000000000419
https://dx.doi.org/10.1097/QCO.0000000000000419
https://dx.doi.org/10.1093/infdis/jiab615
https://dx.doi.org/10.1212/WNL.0000000000003372
https://dx.doi.org/10.1056/NEJMoa1400116
https://dx.doi.org/10.1056/NEJMoa1400116
https://dx.doi.org/10.1093/cid/cir405
https://dx.doi.org/10.1186/s12936-018-2195-7
https://dx.doi.org/10.1186/s12936-018-2195-7
https://dx.doi.org/10.1186/s12936-018-2174-z
https://dx.doi.org/10.1186/s12936-018-2174-z
https://dx.doi.org/10.7860/JCDR/2016/16341.7190
https://dx.doi.org/10.7860/JCDR/2016/16341.7190
https://dx.doi.org/10.1093/jtm/tay110
https://dx.doi.org/10.1056/NEJMoa1802537
https://dx.doi.org/10.1056/NEJMoa1710775
https://www.cdc.gov/malaria/new_info/2020/tafenoquine_2020.html
https://www.cdc.gov/malaria/new_info/2020/tafenoquine_2020.html
https://dx.doi.org/10.1093/jtm/taz023
https://www.cdc.gov/malaria/resources/pdf/treatment_guidelines_101819.pdf
https://www.cdc.gov/malaria/resources/pdf/treatment_guidelines_101819.pdf
https://www.cdc.gov/malaria/resources/pdf/treatment_guidelines_101819.pdf
https://dx.doi.org/10.1016/S2214-109X(17)30340-6
https://dx.doi.org/10.1016/S2214-109X(17)30340-6
https://dx.doi.org/10.1016/j.tmaid.2019.01.008
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.12366


Copyright of JAMA: Journal of the American Medical Association is the property of
American Medical Association and its content may not be copied or emailed to multiple sites
or posted to a listserv without the copyright holder's express written permission. However,
users may print, download, or email articles for individual use.


