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Malaria
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Epidemiology

More than 100 million pregnant women acquire malaria annually [1]. Pregnant
women—particularly primigravidas—are at higher risk of both infection and poor
pregnancy outcomes. These include spontaneous abortion, stillbirths, and growth
restriction [2]. Malaria in pregnancy contributes to approximately 200,000 infant
deaths annually in addition to an unknown number of early pregnancy losses. The
majority of pregnant women who acquire malaria reside and deliver in endemic
areas, but an increasing number of pregnant women who reside in areas without
malaria are acquiring travel-related malaria during their pregnancy and returning
home to deliver (Fig. 1) [3-11].

Pathogenesis

Protection against malaria is conferred largely by antibody [12]. Pregnant women
who have never been exposed to malaria (i.e., travelers from non-endemic regions)
are at the highest risk. For women living in endemic regions, increasing age and
increasing parity are associated with protective antibody levels and decreased risk
for clinically apparent malaria [13, 14]. Therefore, young women and primigravidas
are at higher risk for malaria in pregnancy [15].

The transmission of malaria to the fetus is shown in Fig. 2. Within 30 min of a
mosquito bite, sporozoite forms of Plasmodium sp. are injected into the blood and
spread to the liver, where they mature into schizonts. Each schizont contains
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Fig. 1 US surveillance data from the CDC during the 10-year period from 2005 to 2014 [3-11].
Despite increasing incidence of malaria overall (yellow line) and among pregnant women (blue
line), congenital malaria remains rare (red line). However, the outcome of the pregnancy was not
known in many cases, and therefore congenital malaria rates may be underrecognized
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Fig.2 The stages of maternal-fetal malaria infection are shown here. Mosquitos inject sporozoites
into maternal circulation during a blood meal. Sporozoites infect hepatocytes and mature into
schizonts, which release merozoites into maternal circulation. Merozoites that infect maternal red
blood cells become trophozoites (the characteristic “ring forms” of malaria) or gametocytes (not
shown, allow reproduction inside the mosquito when gametocytes are ingested during a subse-
quent blood meal). Merozoites that reach the maternal side of the placenta (decidua) will infect
endometrial cells and mature into schizonts. Malaria reaches the intervillous space either by trans-
location of the parasite directly via antigen/antibody complexes, infected red blood cells, or within
macrophages. In 95% of the cases, the placenta is able to prevent transmission to the fetus. In the
remaining 5%, parasites reach the fetus and can lead to true congenital malaria
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thousands of merozoites, which are released into the blood. Merozoites then infect
red blood cells and become trophozoites (ring forms). The trophozoite within each
cell then matures into a schizont and ruptures, causing marked hemolysis and
inflammation. The newly released merozoites are capable of infecting new red
blood cells in turn, leading to cycles of hemolysis and fever [16].

When merozoites reach the maternal side of the placenta (the decidua), they can
infect both endometrial cells as well as the decidual macrophages. The intervillous
space becomes crowded with parasite-infected macrophages, decreasing nutrition
and oxygen exchange and contributing to fetal growth restriction [17].

In rare cases, Plasmodium sp. can reach fetal circulation either by maternal-fetal
hemorrhage or active transport of antibody-Plasmodium complexes. However, the
placenta is an effective barrier to fetal transmission; only approximately 5% of
infants with infected placentas will have parasitemia [15].

To complicate matters, sporozoite forms of P. vivax and P. ovale are capable of
forming hypnozoites (“sleeping animals” in Greek) that can remain latent within
hepatocytes for prolonged periods before reactivating. Since hypnozoites are not
susceptible to all anti-parasitic therapies, maternal treatment of P. vivax and P. ovale
requires the addition of primaquine. However, sporozoites are not transmitted to the
fetus in congenital malaria, so treatment of newborns with primaquine is not neces-
sary (see Treatment, below).

Clinical Findings
Growth Restriction and Prematurity

The most common findings (Box 1) among infants born to mothers with malaria
during pregnancy include lower birth weight than matched controls at similar gesta-
tional ages, with an average decrease of approximately 200-300 g [18]. Preterm

Box 1 Clinical Findings Among Infants Born to Mothers with Malaria
During Pregnancy

 Intrauterine growth restriction (+++)
* Prematurity (++)

* Congenital malaria (+)

e Fever (+)

e Anemia (+)

* Splenomegaly (+)

e Jaundice *

e Hepatomegaly *

+++Most common, ++common, +least common, *rare
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delivery is also more common but more difficult to quantify in low-resource settings
where pregnancy dates may be uncertain [19]. As a correlate, regional malaria con-
trol efforts have been associated with decreased rates of preterm delivery and low
birth weight [20, 21].

Congenital Malaria

A small fraction of infants will develop congenital malaria (i.e., parasitemia). The
average age at presentation for infants with congenital malaria is approximately
2-4 weeks (95% confidence interval, 1-8 weeks) [22, 23]. However, symptomatic
infants have been identified within the first 24 h after delivery when parasite bur-
den is very high [24]. The most common presentation for infants with congenital
malaria includes fever, anemia, and splenomegaly. The fever usually does not
achieve the cyclical pattern seen in older patients with malaria. The anemia may be
striking and can be associated with hyperbilirubinemia and reticulocytosis.
Hepatomegaly may also be present but is less common and less severe than sple-
nomegaly [23].

Postnatal Malaria

Mosquito-acquired malaria presents similarly to congenital malaria. Because many
infants at risk for congenital malaria are delivered and raised in malaria-endemic
areas, it may be difficult to differentiate postnatal malaria from congenital infection.
In the United States and other malaria-free areas, infants are assumed to be congeni-
tally infected unless they have traveled to a malaria-endemic region postnatally [25].
Notably, fetal exposure to malaria has been clearly linked to earlier and more frequent
episodes of mosquito-acquired malaria in the first few years of life. It is hypothesized
that the fetus is forced to develop a decreased immune response (tolerance) in order to
survive, which predisposes the infant to postnatal infections [26, 27].

Diagnosis

The diagnosis of congenital malaria can be made via several modalities (Table 1),
but thick and thin smears of peripheral blood are the gold standard [28].

Thick and Thin Smears

When performed by an experienced provider, microscopic examination of serial
thick and thin smears of the peripheral blood obtained via heel stick has excellent
sensitivity and specificity and is the gold standard for diagnosis. When congenital
malaria is suspected, a minimum of three sets of thick and thin smears should be
obtained every 12-24 h until malaria has been confirmed or excluded.
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Table 1 Diagnostic tests for congenital malaria

Test Advantages Disadvantages

Thick smear | * Excellent sensitivity | * Does not allow speciation
for parasite detection

Thin smear | » Allows speciation by | ¢ Less sensitive than thick smears
parasite morphology

Rapid * Portable and * Less sensitive
antigen test inexpensive  Not all kits provide species information
* Not recommended in the United States
Nucleic acid | » Extremely sensitive * Expensive
detection * Relatively slow compared to smears
* Not widely available
Serology * Used for screening « Neither sensitive nor specific for congenital malaria
blood donors * Does not preclude need for thick and thin smears

when malaria suspected

Thick smears have good sensitivity and allow quantification of parasitemia, usu-
ally expressed as percentage of red blood cells infected. Thin smears allow specia-
tion of the Plasmodium species based on the morphology, which in turn will inform
treatment. Before peripheral smears are obtained, nursery providers should coordi-
nate with the microbiology lab and infectious diseases service in order to ensure that
the smears can be properly fixed, stained, and read. The Centers for Disease Control
and Prevention (CDC) have a telemedicine service that allows fast and accurate
identification if parasitology is not locally available (http://www.cdc.gov/dpdx/con-
tact.html) [29].

Microscopic examination of the placenta is very sensitive for congenital malaria,
as placental malaria is a prerequisite for fetal infection. However, the placenta is an
effective barrier to malaria transmission, and the majority of infants born to mothers
with placental malaria do not have congenital malaria (see Pathophysiology, above)
[15,30].

Rapid Antigen Detection

A variety of antigen detection tests are available for malaria and are widely used in
low-resource settings. Although inexpensive and easily portable, these tests have
lower sensitivity than peripheral blood smears and are not recommended for use in
high-resource settings [31].

Nucleic Acid Detection

Polymerase chain reaction (PCR) testing and other nucleic acid-based detection
methods are increasingly used for research purposes but have not become widely
available for clinical use. Unsurprisingly, nucleic acid-based tests have excellent
sensitivity but are expensive and comparatively slow relative to peripheral blood
smears and do not currently quantify parasitemia [32].
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Serology

Serology is not indicated for the evaluation of congenital malaria. Since the
majority of women of childbearing age living in a malaria-endemic region possess
antibody, detection of antibody is not specific for congenital malaria. Since preex-
isting immunity is not sufficient for protection during pregnancy (see
Epidemiology), infants with detectable levels of antimalarial immunoglobulin are
still at risk for congenital malaria. However, maternal-fetal risk is greatest with
primigravid, nonimmune mothers, whose infants may lack transplacental anti-
body. Therefore, serologic testing is of little clinical value when congenital
malaria is suspected.

Treatment

Treatment of congenital malaria should be provided in coordination with pediatric
infectious diseases and with the local health department. Up-to-date treatment
guidelines are available on the CDC website (https://www.cdc.gov/malaria/diagno-
sis_treatment/treatment.html) [33].

For sensitive strains of P. falciparum and all P. vivax, P. ovale, and P. malariae,
chloroquine is the recommended treatment (Table 2). Chloroquine can be given
orally and is well tolerated. For infants who cannot receive oral therapy, intravenous
quinidine can be substituted. Resistant strains of P. falciparum require combination
therapy, usually with quinidine and clindamycin.

Severe malaria (e.g., >5% parasitemia or end-organ dysfunction) should be
treated with intravenous quinidine and clindamycin. Exchange transfusion should
also be considered for very high levels of parasitemia, usually >10%.

Prevention
Nonimmune pregnant women traveling to malaria-endemic regions represent an

extremely high-risk population. Eliminating exposure to mosquitos that may trans-
mit malaria is the most effective strategy for prevention. Avoiding travel to

Table 2 Treatment of congenital malaria

Diagnosis Treatment

P. falciparum, chloroquine-resistant Quinine PO and clindamycin PO

P. falciparum, chloroquine-sensitive Chloroquine PO

P. malariae, vivax, and ovale Chloroquine PO

Severe malaria, any species Quinidine IV and clindamycin IV

(>5% parasitemia or signs of organ failure) Consider exchange transfusion if >10% load

Note: Up-to-date recommendations, including information regarding worldwide chloroquine
resistance, can be found on the CDC website [33]. Treatment of congenital malaria should always
be administered via coordination with the health department and pediatric infectious diseases
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malaria-endemic areas during pregnancy is the most certain means of prevention.
Use of long sleeves and pants to minimize skin exposure, mosquito repellants con-
taining DEET, and mosquito netting around sleeping areas are critical.

In addition, chemoprophylaxis for pregnant women traveling to malaria-endemic
areas is recommended. For chloroquine-sensitive areas, chloroquine or hydroxy-
chloroquine can be taken safely during all trimesters. In chloroquine-resistant areas,
mefloquine is recommended. Atovaquone has not been well studied but is some-
times used as a second agent in chloroquine-resistant areas for women who have
hallucinations or other severe side effects from mefloquine. Doxycycline and prima-
quine are not recommended in pregnancy.

Finally, pregnant women who live in an endemic area should take intermittent
preventive treatment (IPT). Historically, this was accomplished with sulfadoxine-
pyrimethamine monthly beginning in the second trimester [34]. However, recent
studies suggest that the combination of dihydroartemisinin-piperaquine has supe-
rior efficacy and a similar safety profile [35, 36]. IPT is associated with less
maternal malaria, less placental malaria, longer pregnancies, and higher birth
weights.
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