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EDUCATION GAPS

1. Neonatologists should understand the role of malaria as a key
contributor to global morbidity and mortality of pregnant persons and
newborns.

2. There is a gap in knowledge about optimal testing and treatment of
malaria during pregnancy, especially during the first trimester.

OBJECTIVES After completing this article, readers should be able to:

1. Describe the epidemiology of malaria in pregnancy and its global
impact.

2. Explain the pathophysiology of malaria in pregnancy and the effect of
malaria infection on the pregnant person, fetus, and newborn infant.

3. Describe current testing and treatment options for malaria infection
during pregnancy.

ABSTRACT

In malaria-endemic regions, infection with the malaria parasite Plasmodium
during pregnancy has been identified as a key modifiable factor in preterm
birth, the delivery of low-birthweight infants, and stillbirth. Compared with
their nonpregnant peers, pregnant persons are at higher risk for malaria
infection. Malaria infection can occur at any time during pregnancy, with
negative effects for the pregnant person and the fetus, depending on the
trimester in which the infection is contracted. Pregnant patients who are
younger, in their first or second pregnancy, and those coinfected with
human immunodeficiency virus are at increased risk for malaria. Common
infection prevention measures during pregnancy include the use of
insecticide-treated bed nets and the use of intermittent preventive
treatment with monthly doses of antimalarials, beginning in the second
trimester in pregnant patients in endemic areas. In all trimesters,
artemisinin-combination therapies are the first-line treatment for
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ABBREVIATIONS

ACTs artemisinin-combination
therapies

AL artemether-lumefantrine

CSA chondroitin sulfate A

DP dihydroartemisinin-piperaquine

HIV human immunodeficiency virus

IPTp intermittent preventive
treatment in pregnancy

IRS indoor residual spraying

ISTp intermittent screening and
treatment during pregnancy

ITN insecticide-treated bed net

IUGR intrauterine growth restriction

LBW low birthweight

RDT rapid immune-chromatographic
diagnostic test

SP sulfadoxine-pyrimethamine
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uncomplicated falciparum malaria, similar to treatment in nonpregnant adults. The World Health Organization
recently revised its recommendations, now listing the specific medication artemether-lumefantrine as first-line
treatment for uncomplicated malaria in the first trimester. While strong prevention and detection methods exist,
use of these techniques remains below global targets. Ongoing work on approaches to treatment and prevention
of malaria during pregnancy remains at the forefront of global maternal child health research.

INTRODUCTION

Improving the health of pregnant persons and children is
a key global health priority. Although great improvements
have been made in overall child mortality, advances in
neonatal mortality have been slower. (1) As of 2017, neo-
natal deaths make up 47% of deaths before age 5 years,
and most of these deaths occur in low- or middle-income
countries. (2) In high mortality regions, such as sub-
Saharan Africa, more than 80% of neonatal deaths occur
in infants that are preterm or low birthweight (LBW). (3)
Both preterm delivery and LBW are major consequences
of antenatal infection with the malaria parasite Plasmo-
dium falciparum, which threatens 125 million pregnan-
cies in malaria-endemic areas each year. (4) In addition,
in malaria-endemic regions of sub-Saharan Africa, where 1
in 3 pregnancies are exposed to P falciparum, (5) antenatal
malaria may contribute to a quarter of all stillbirths, (6)
making malaria one of the most important global modifiable
causes of stillbirth. (7) It has been estimated that malaria ac-
counts annually for over 10,000 and 200,000 deaths in preg-
nant persons and neonates, respectively. (8)

Malaria parasites are transmitted in over 8o countries.
(5) Sub-Saharan Africa has the largest burden of cases of
malaria, and over 9o% of malaria-related deaths globally
occur in this region. Of the over 247 million cases of ma-
laria reported each year, children younger than 5 years ac-
count for 76% of all deaths. (5) These numbers represent
progress, because globally, the incidence of malaria is de-
clining: from 2010 to 2020, cases dropped from 71 to 59
per 1,000 people at risk. (5) These reductions are attrib-
uted to the scale-up of control activities, including the up-
take and use of insecticide-treated bed nets (ITNs) and
improved access to effective diagnosis and treatments. De-
spite these improvements, malaria kills approximately
2,000 people every day, most of them children. (9) Both
the Millennium Development Goals and the Sustainable
Development Goals highlight the importance of reducing
childhood mortality, improving the health of pregnant per-
sons, and promoting well-being in all ages. (10)(11)(12) It
is therefore critical that the global community understand
the impact of malaria infection on the fetus and newborn,
successful prevention strategies, and treatments that

currently exist to combat the negative perinatal effects of
infection.

MALARIA

Microbiology and Epidemiology

Malaria is a mosquito-transmitted infection caused by 1 of
5 parasite Plasmodium species: P vivax, P falciparum,
P ovale, P malariae, and P knowlesi. P falciparum is the most
common and the deadliest, and is transmitted throughout
the tropics, whereas P vivax circulates widely outside sub-
Saharan Africa. Specifically in pregnancy, P falciparum is
responsible for the majority of adverse outcomes in preg-
nant persons and fetuses infected with malaria, particu-
larly in sub-Saharan Africa. In Southeast Asia and South
America, similar pregnancy effects are seen due to infec-
tion with P vivax, which circulates more widely in those
regions.

Malaria parasites are transmitted when an infected fe-
male Anopheles mosquito takes a human blood meal and
releases Plasmodium into the bloodstream of another hu-
man host. (13) Parasites migrate to the liver and silently
replicate within hepatocytes for 7 to 10 days before they
are released back into the bloodstream. The parasites then
invade the host red blood cells, progress through a 24- to
72-hour intraerythrocytic lifecycle, and then egress from
the host cell to sequentially invade fresh cells. A small pro-
portion of these blood-stage parasites develop into the sex-
ual stage of the parasite that is then aspirated by a female
anopheline mosquito during a blood meal to commence

transmission to the next human host. (13)

Clinical Disease and Pathogenesis

Clinical symptoms typically appear 7 to 14 days after infec-
tion, though this interval and the severity of symptoms are
heavily modified by the host’s immunity. Mild or uncom-
plicated symptoms of malaria can include fever, headache,
nausea, vomiting, and muscle aches. Severe malaria, most
commonly caused by P falciparum, can manifest with re-
spiratory distress, severe anemia, and cerebral malaria.
These symptoms are mediated in part by the parasite’s
ability to export parasite proteins to the erythrocyte surface
and thereby adhere to extracellular ligands. Adherence in
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the microvascular endothelium activates this endothelium
and widely promotes end organ damage owing to hemor-
rhage or infarct. (9)

Clinical and epidemiologic observations demonstrate
that repeated infection with Plasmodium species promotes
the acquisition of immunity to some aspects of clinical
disease. (14) In highly endemic areas, the result is that se-
vere infections are a disease of the young, and surviving
these episodes attenuates the severity of school-age and
adult infections. In contrast, in mesoendemic regions
where exposure to malaria parasites is episodic rather
than continuous, severe cases can develop across all ages.
(14)(15) Consistent with these observations, people who
are malaria naive and therefore lack immune responses
that attenuate disease are more likely to experience severe

disease.

IMPACT OF MALARIA ON THE HEALTH OF THE
PREGNANT PERSON, FETUS, AND NEONATE

Maternal Effects during Pregnancy

For nearly 100 years, it has been observed that pregnant
persons are at higher risk of P falciparum infection com-
pared to their nonpregnant peers, (16) and this risk has
been correlated with observations of parasites sequestered
in the intervillous spaces of placentae, (17) defining the
syndrome of placental malaria. Furthermore, these ele-
vated risks of parasitization and of placental malaria were
observed to be highest among women in the first and sec-
ond pregnancy and diminished with increasing gravidity.
(z8) This early work also revealed that the appearance of
P falciparum parasites had consequences consistently for
neonates who were born with lower birthweights if the
placenta was infected with parasites. (18)

These observations were explained in part by the recog-
nition that P falciparum harbors the capacity to bind to
chondroitin sulfate A (CSA) in the syncytiotrophoblast,
and that serum samples from multigravidae in endemic
areas could interrupt this interaction. (19) Subsequent
work established that P falciparum encodes a specific
highly conserved protein called VAR2CSA, which is ex-
ported to the red blood cell surface and mediates adher-
ence to CSA. (20) Anti-VAR2CSA antibodies are acquired
in a gravidity-dependent manner and protect from placen-
tal malaria in subsequent pregnancies. (20) Thus, the P
falciparum—specific syndrome of placental malaria is
caused by a specific conserved parasite protein to which ef-
fective immune responses are eventually mounted in en-
demic areas. This phenomenon is generally less evident in

regions with low or episodic malaria transmission. (21)

As noted earlier, sub-Saharan Africa has the highest bur-
den of malaria, which includes a high burden of malaria
among pregnant persons. (5) Each year, approximately
25 million pregnant persons in sub-Saharan Africa are at
risk for P falciparum infection, and 25% of pregnant patients
have evidence of placental infection at the time of delivery.
(14) However, prevalence estimates might underrepresent
the number of true cases of malaria in pregnancy due to di-
agnostic challenges. For example, prevalence estimates us-
ing placental infection at delivery likely underestimate the
total number of pregnant persons with malaria because par-
tially immune pregnant persons in endemic areas are able
to clear parasites efficiently and therefore, might not have
appreciable placental parasitic levels at delivery. Diagnostic
tests using peripheral blood may also miss cases with lower
levels of parasitemia, as peripheral parasite counts often un-
derestimate the total number of parasites in the body. (9)
As noted previously, the most common strain of Plasmo-
dium in sub-Saharan Africa, P falciparum, can cause both
placental and peripheral parasitemia. P vivax, common in
Asia and the Americas, does not cytoadhere to the placenta
yet still causes anemia in pregnant persons and LBW in in-
fants. (14)

Malaria in Pregnancy: Effects on the Fetus

Malaria infection can occur anytime during pregnancy
and negatively affect both the pregnant person and the de-
veloping fetus. The effect that a malarial infection has on
the fetus, as well as currently available approaches to man-
age the infection, vary, based on trimester of infection and
on whether the pregnant person receives appropriate med-
ical treatment. In high-transmission regions, over 50% of
pregnant persons can be infected with P falciparum at the
time that they present to antenatal care. (22)(23) Younger
patients, persons in their first or second pregnancy, and
those who are malnourished or living with human immu-
nodeficiency virus (HIV) have further increased risk of
acquiring malaria parasites during pregnancy. (14)(24)
Sub-Saharan Africa has the highest prevalence of women
coinfected with malaria and HIV, an important concern
for the region because, if untreated, coinfection leads to
worse birth outcomes and worse overall morbidity and
mortality for each disease. (25) In antenatal care practice,
this biological interaction has been mitigated since the
mid-2000s with the routine continuation of cotrimoxazole
during pregnancy by HIV-infected women. (26) This can
be an effective regimen to prevent antenatal malaria infec-
tions. (2y) Figure 1 shows more information about HIV

and malaria coinfection during pregnancy.
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birthweight.

regimens.

Malaria and Human Immunodeficiency Virus Co-Infection
During Pregnancy

« Malaria in pregnancy is associated with a two-fold higher HIV viral load and
women with preexisting HIV infections can experience higher parasite densities
upon contracting malaria.

* For pregnant persons living with untreated HIV, a malaria infection can lead to
worse febrile illness and more severe anemia.

* Co-infection leads to negative fetal effects including an increased risk of low

* Over three quarters of the world’s HIV infected women reside in sub-Saharan
Africa. This region also has the highest rates of malaria endemicity globally.

« Daily cotrimoxazole taken to prevent opportunistic infections provides significant
but partial benefit in preventing antenatal malaria.

* Preventive chemotherapy during pregnancy is complicated by parasite resistance
to cotrimoxazole and by the potential for interactions with antiretroviral

Figure 1. Malaria and human immunodeficiency (HIV) coinfection key points.

Malaria infections during the first trimester of pregnancy
are common, with estimates that 20% to 65% of pregnant
persons are infected during this period, (14)(28)(29) with in-
creased prevalence observed in primigravidae. (30) These in-
fections can result from either the persistence of parasites
from the prenatal period or the acquisition of parasites dur-
ing the first trimester. (31)

Malaria is associated with LBW infants, which can re-
sult from intrauterine growth restriction (IUGR), preterm
birth, or a combination of both. The relative impact of ma-
laria on IUGR versus preterm birth as drivers for LBW is
best assessed by looking at high prevalence regions. In
these settings, malaria is thought to contribute to up to
70% of TUGR cases but only 36% of preterm births. (32)
Importantly, the risk for preterm birth was greater in
women infected before 24 weeks’ gestation. (33)

In malaria-endemic areas, malaria is estimated to cause
70% of IUGR cases. (34) These effects result from infec-
tions at any time during pregnancy. Early P falciparum in-
fection restricts fetal growth by mid-pregnancy (35) and
can increase the risk of IUGR by over 5-fold. (36) Placental
malaria, which can result from infections at any gestational
week following placentation, is associated with more than
twice the risk of LBW compared with infants whose mothers
were not infected with malaria in pregnancy. (34)(37) Given
that LBW is consistently associated with both malaria in
pregnancy and with an increased risk of infant mortality,
(38)(39)(40) the prevention of LBW, both from IUGR and
preterm birth, is a key indicator of the efficacy of malaria
prevention strategies during pregnancy.

The IUGR that occurs in pregnancies complicated by
P falciparum infection is the result of placental dysfunction

and altered vasculature. During normal placentation be-
fore 20 weeks’ gestation, placental extravillous tropho-
blasts invade the uterus, transform the spiral arteries, and
establish blood supply to the placenta. (41) Malaria in
pregnancy hinders uterine blood flow, (42)(43) and inter-
feres with trophoblast invasion and migration. (44) This
impaired trophoblast invasion and poor uterine vasculari-
zation are associated with IUGR. (41) Although these
placental effects have been primarily attributed to inflam-
mation as a result of placental parasite sequestration, ab-
normal placental vascularization in pregnant persons who
had first trimester malaria infection has been observed
even in the absence of histologic evidence of placental in-
fection. (45) Altered placental angiogenesis contributes di-
rectly to poor nutrient transport, (46) owing to altered
villous architecture (47) and decreased surface area for nu-
trient exchange. Fetal growth is further impaired because
inflammation in the placenta has been linked to impaired
transport of glucose (48) and interference with the insulin-
like growth hormone axis. (49)

Stillbirth is a more recently recognized consequence of
malaria in pregnancy. In a meta-analysis of clinical stud-
ies, P falciparum infection of either the placenta or blood
of the pregnant person at delivery doubled the risk of still-
birth; a population-level projection estimated that, in
malaria-endemic settings of sub-Saharan Africa, malaria
infections during pregnancy contribute to nearly a fifth of
all stillbirths. (6) The pathogenesis of malaria-associated
stillbirth is poorly understood and may result from the
malaria-specific placental dysfunction reviewed previously
or as a more general response to acute infections. Because
malaria infection can be reduced via appropriate prevention
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and treatment strategies, malaria infection is among the
most important modifiable causes of stillbirth in sub-Saharan
Africa. (7)

Malaria in Pregnancy: Effects on the Pregnant Person
Malaria in pregnancy also negatively affects the health of
the pregnant person with a wide spectrum of severity. Se-
verity is generally mediated by the intensity of prior expo-
sure to malaria parasites, which shapes adaptive immunity
to the parasite. Although some pregnant patients infected
with malaria do not experience any clinical symptoms,
others suffer from severe anemia, fever, and even death.
Estimates of the contribution of malaria to maternal
mortality vary widely, ranging from 0.6% to 12.5% in
low-transmission areas to 0.5% to 25% in malaria-
endemic regions. (50) In regions with lower, or sporadic,
transmission, pregnant persons acquire limited immu-
nity to the effects of antenatal malaria, and though infec-
tion rates are lower, if these pregnant patients become
infected, they are more likely to experience more severe
complications such as cerebral malaria, renal failure, and
pulmonary edema. (51)

Among milder sequelae that are the most prevalent in
areas with moderate to high transmission, anemia is a
consistent consequence for pregnant persons with malaria
infection. Although anemia during pregnancy is undoubt-
edly multifactorial, it is estimated that in endemic regions
of sub-Saharan Africa, up to 25% of anemia during preg-
nancy is attributable to malaria parasites. (14) Anemia,
normally the result of a combination of hemolysis, in-
creased splenic clearance of erythrocytes, and decreased
red blood cell production, may be exacerbated in preg-
nancy by the additional sequestration of erythrocytes in
the placenta, often leading to more severe anemia in preg-
nant persons. The contribution of malaria to anemia dur-
ing pregnancy in endemic regions is underscored by the
observation that the successful prevention of malaria re-
duces the risk of severe anemia during pregnancy by up to
38%. (50)

During the Newborn Period

Clinical symptoms of malaria are uncommon during in-
fancy, and when present in the first 6 months of age,
P falciparum infection tends to have minimal to no symp-
toms and be associated with lower parasite density than
infections in older children. (52) The protection against
malaria infection in young infants is believed to result
from the transplacental passage of antibodies from the
pregnant person as well as the expression in infant red

blood cells of hemoglobin F, which creates an insalubrious
intraerythrocytic environment for parasites. (53)(54) Both
mechanisms confer protection that wanes with time,
(52)(53) but significantly reduce parasite density in chil-
dren younger than 6 months compared with children 1 to
9 years of age. (55) However, estimates of malaria preva-
lence in infants younger than 6 months vary by local
transmission intensities, with some high transmission
areas reporting rates over 20%. (56) In young children liv-
ing in regions with high rates of transmission, recurrent
infections during the newborn and early childhood period
can lead to chronic anemia and splenomegaly, (9) thus af-
fecting their overall health. Globally, more work is needed
to explore rates and presentations of malaria in young in-
fants and the varied effects of malarial infection on infant
health.

Malaria infection in the pregnant person can have ef-
fects on the infant after birth. In malaria-endemic areas of
sub-Saharan Africa, 80% of neonatal deaths occur in in-
fants who are preterm or LBW. (3) As described previ-
ously, P falciparum infection is a common cause of
preterm birth and IUGR (15) and thus, rates of malaria in-
fection are a critical target to improve birth outcomes.
Globally, placental malaria infection has been associated
with increased mortality (57) and decreased weight and
length gain during the first year after birth. (58)(59) In
addition, the prevalence of anemia at birth is high in
malaria-endemic regions, with higher rates seen in infants
born to mothers with high levels of parasitemia at deliv-
ery. (60) Malaria in pregnancy also leads to an increased
risk of anemia during infancy. (61) Lastly, data suggest
that there may be an association between malaria in preg-
nancy and offspring with neurodevelopmental delay. (62)
This finding suggests that, independent of birthweight or
preterm delivery, fetal exposure to malaria infection may be
a modifiable risk factor for neurodevelopmental outcomes.

Congenital malaria is defined as “the presence of asex-
ual P falciparum parasites in the cord blood or in the pe-
ripheral blood during the first week of life.” (63) Burden
estimates vary widely owing to discrepancies in parasite
detection methods and the potential for molecular testing
to detect vertically transmitted parasite nucleic acid rather
than viable parasites. When present, clinical symptoms of
congenital malaria include fever, hepatosplenomegaly, he-
molysis, anemia, thrombocytopenia, and poor feeding. (64)
Congenital malaria is often confused with other, more com-
mon neonatal conditions that can delay diagnosis and treat-
ment. (65) Severe cases can have rapid progression of
symptoms and be fatal. (50)
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Emerging evidence suggests that the exposure to ma-
laria parasites in utero may modulate a newborn’s risk of
various infections in early childhood. Prenatal malaria ex-
posure is associated with an increased risk of malaria in-
fection during the first year of age. (63) Malaria infection
during pregnancy interferes with the passage of nonma-
laria antibodies from the pregnant person to the fetus,
(52) thus compromising immunity of the newborn and
making them more vulnerable to early infection. Malaria
during pregnancy has also been linked to increased new-
born susceptibility to nonmalarial infections, such as mea-
sles, (66)(67) Streptococcus pneumoniae, (67) and tetanus.
(68) Similarly, infection with malaria may reduce an in-
fant’s response to routine childhood immunization. (69)
These findings suggest broad negative effects on infant
immunity due to impaired antibody passage across the
placenta or other cryptic mechanisms. (70)

PREVENTION AND MANAGEMENT OF MALARIA
DURING PREGNANCY

The management of malaria during pregnancy requires tai-
lored approaches to prevention, diagnosis, and treatment of
pregnant patients. Although the global burden of malaria is
predominantly in sub-Saharan Africa, understanding how to
prevent, detect, and treat malaria is important for clinicians in
the United States who have patients traveling to endemic re-
gions or are treating patients who recently emigrated from
countries where malaria is transmitted. Figure 2 provides
guidance about malaria treatment and prevention for clini-
cians in the United States.

Prevention

Prevention of malaria during pregnancy is critical to miti-
gate the adverse consequences detailed previously and is
one of the pillars of management. Successful prevention
of malaria is associated with significant reductions in
LBW and neonatal mortality. (71)

Treating Patients from
Endemic Regions

People infected with malaria can
present with fevers and anemia,
but typically have mild symptoms.

Detection and treatment are
important at any stage of
pregnancy.

Newborns born to infected
persons with malaria may be
more vulnerable to illness from
non-malarial infections.

The use of ITNs during pregnancy is a cornerstone of
prevention. I'TNs, like any bed net, offer some protection
against malaria as they serve as a physical barrier and are
also impregnated with insecticide to repel and kill mosqui-
tos. (72) The widespread use of ITNs in sub-Saharan
Africa averted more cases of malaria than any other control
measure between 2000 and 2015. (73) Similarly, in preg-
nant women, ITN use is credited with reductions of 33%
in miscarriages and stillbirths and 23% in LBW at delivery
(74) as well as a specific decrease in the rate of placental
malaria. (72) As of 2021, 47% of all people, and 53% of
pregnant women, in sub-Saharan Africa reported sleeping
under an ITN. (5) Given the potential to increase use of
this valuable intervention, ITN distribution at antenatal
clinics is considered a core component of high-quality an-
tenatal care in malaria-endemic settings. An additional
vector control intervention, indoor residual spraying (IRS)
of insecticide to the interior of houses, is a highly effective
method to reduce community parasite transmission.
Although IRS has theoretical benefits to pregnant people
and their offspring, (75)(76) it is currently unclear if IRS
has an added benefit in communities using I'TNs. (77) In
addition, there is some concern about widespread use, given
evidence that pesticides used for IRS are vertically transmit-
ted to neonates and produce phenotypic effects. (78)

In moderate- and high-transmission settings, in which
exposure to malaria parasites is frequent, chemopreven-
tion strategies are commonly used to mitigate the conse-
quences of infections during pregnancy, for both the
pregnant person and offspring. Intermittent preventive
treatment in pregnancy (IPTp) is a strategy whereby monthly
doses of antimalarials are administered to a pregnant
person beginning in the second trimester. Sulfadoxine-
pyrimethamine (SP) is currently the only medication
used for IPTp, and when taken monthly for at least
2 months, is associated with a risk reduction of 40%
for moderate to severe anemia and 27% for LBW. (79)

IPTp with SP is administered throughout most of malaria-

Preventing Infection while
Traveling

The CDC recommends that
pregnant persons receive
mefloquine for malaria treatment
and prevention during all
trimesters.

Pregnant persons without prior
exposure to malaria parasites are
at increased risk of illness.

Chemical and physical barriers are
important prevention methods.

Figure 2. Malaria treatment and prevention guidance for clinicians in the United States.
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endemic sub-Saharan Africa, where each successive dose of
SP reduces the risk of LBW by 21% to 27%. (80) Multiple
alternatives to SP as [PTp have been tested, including mef-
loquine, (81) chloroquine, (82) azithromycin-chloroquine,
(83) and dihydroartemisinin-piperaquine (DP), (23)(84)(85)
but none have proven superior to SP as an IPTp strategy
for the prevention of LBW.

As an alternative to IPTp, a strategy of intermittent
screening and treatment during pregnancy (ISTp) has been
tested, wherein women are screened with a rapid diagnostic
test at each visit, and if positive, treated with artemisinin-
combination therapies (ACTs). ISTp with either artemether-
lumefantrine (AL) (86) or DP (22)(85) has not been supe-
rior to IPTp-SP with regard to birth outcomes, and ISTp
implementation is limited. A more promising alternative to
[PTp-SP is IPTp with DP, also starting in the second tri-
mester; in studies in Uganda (23)(84) and Kenya, (8s)
IPTp-DP was not shown to improve birth outcomes but
was superior at preventing infections in the pregnant per-
son and placenta. Current studies are exploring alternate
DP administration strategies to enhance the efficacy of
[PTp alternatives, including the pairing of DP with SP. (87)

Detection

The principal approaches to parasite detection for the diag-
nosis of malaria are light microscopy and rapid immune-
chromatographic diagnostic tests (RDTs). Other techniques,
like molecular detection using polymerase chain reaction or
loop-mediated isothermal amplification, are highly sensitive
approaches that are generally reserved for research studies
owing to resource availability and longer turnaround time.
(15) To diagnose placental malaria, placental histopathology
is the reference standard, but is not used in clinical settings
for routine placental analysis.

Both RDTs and light microscopy are routinely used for di-
agnosis of malaria in pregnant and nonpregnant popula-
tions. Microscopy has been the traditional reference method,
though the requirements for specialized equipment and a
trained microscopist limit its efficacy and widespread use. In
many settings, microscopy has been supplanted by routine
RDTs, in which parasite antigens are detected using a
lateral-flow cartridge with a visual readout, which requires
little specialized training. Compared with a very sensitive po-
lymerase chain reaction assay of parasites as the reference
method, the sensitivity of conventional RDTs for detecting
malaria parasites is 65% to 9o% in primigravidae and 40%
to 80% in secundigravidae. (22)(85)(86) Newer, high-sensitivity
malaria RDTs are able to detect infection at a 1o-fold lower
limit compared with conventional RDTs and have shown

increased clinical sensitivity, (88)(89) including during the
first trimester, though they have not widely entered clinical
practice. (29) Despite imperfect sensitivity, it is generally
accepted that conventional RDTs effectively diagnose clini-
cally significant cases of malaria in both pregnant and non-
pregnant persons. What is heretofore unknown is the effect
on pregnancy outcomes of low-density infections that are
undetected with RDTs in pregnant patients, which may be
clarified by an ongoing meta-analysis. (90)

Treatment

Malaria during pregnancy should be treated promptly to
avoid potential complications for the pregnant person and
her fetus. (91) Treatment of uncomplicated malaria in-
volves balancing potential adverse fetal effects from drug
toxicity and improved clinical outcomes of the pregnant
person and newborn.

In all trimesters, ACTs are the first-line treatment for
uncomplicated falciparum malaria, similar to treatment in
nonpregnant adults. ACTs involve treating with a short-
acting artemisinin component alongside a longer-acting
“partner” drug, such as piperaquine, lumefantrine, or mef-
loquine. (92) Artemisinin acts to quickly reduce the num-
ber of circulating parasites, whereas the partner drug
eliminates the remaining parasites and provides a post-
treatment prophylactic effect.

In the second and third trimester, several ACTs are
safe and effective. Specifically, ACT regimens have led to
cure rates as high as 99.2% in uncomplicated malaria in
pregnancy (93) and, relative to quinine, demonstrate im-
proved birth outcomes. (94) The PregACT study from
2010-2013 randomized over 3,000 African women in the
second and third trimesters to 1 of 4 ACTs for treatment.
(93) All ACTs were highly effective as treatment, and though
AL had the fewest side effects, it provided the shortest post-
treatment period of prophylaxis of just 11 to 14 days. (95) In
contrast, DP, which was also tolerated well, conferred up to
6 weeks of post-treatment prophylaxis.

In the first trimester, the first-line treatment for uncom-
plicated falciparum malaria is AL. (96)(97) This represents
a break from tradition, which has historically been a 7-day
course of quinine with clindamycin, but this regimen suf-
fers from poor adherence and efficacy, and alternatives
were limited by widespread resistance to chloroquine, the
poor tolerability of mefloquine in pregnancy, (76)(95) and
teratogenicity of SP and doxycycline. (96) Up to now, the
use of ACTs has been limited by risks from animal models,
including fetal loss, cardiovascular malformations, and skel-
etal anomalies, (98) in the absence of toxicity to the
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Table. Ongoing Research and Gaps

Topic

Key Points

Treatment in the First Trimester

Infections can result from either the persistence of parasites from the prenatal

period or the acquisition of parasites during the first trimester. (31)
Artemether-lumefantrine is now the first-line treatment for uncomplicated malaria in
the 1°* trimester. (96)(97) Ongoing work is examining how to best implement

malaria treatment programs in the 1% trimester.

Malaria Vaccine

The RTS,S/ASO1 vaccine is now recommended for children in regions with high

rates of malaria transmission. (101) However, it is not under consideration for use
in adults, including pregnant persons.

Pregnancy-specific vaccines designed to prevent placental malaria by disrupting the
ability of infected erythrocytes to sequester in the placenta are being developed.

(102)

Several other malaria vaccines are under various phases of development, with
researchers hoping to achieve even higher rates of infection reduction.

Interaction between Aspirin in Pregnancy
and Malaria Infection

Low-dose aspirin (LDA) is an effective strategy to reduce preterm birth. A multisite
study in sub-Saharan Africa showed that LDA initiated between 6 and 13 weeks'

gestation reduced preterm delivery and perinatal mortality. (103) Subanalysis of
this study focused on pregnant women with malaria in early pregnancy and
showed that malaria did not modify the effects of LDA on preterm birth, but was
associated with less efficacy of LDA to reduce perinatal mortality. (104)

As LDA becomes integrated into antenatal care globally, the effects of this
intervention in malaria endemic locations should be monitored.

Maternal Iron Supplements and Malaria in
Infants

Research from Burkina Faso explored whether infants of mothers who received
weekly iron supplementation were at increased risk for malaria. Results showed

that periconceptional iron supplementation did not alter the body iron stores of
their children. Higher body iron stores increased the risk for childhood
parasitemia. (105)

A related study on the impact of long-term weekly iron supplementation in
nulliparous women showed that this regimen was associated with a higher risk of
preterm birth. (106)

pregnant animal. (99) However, in a recent meta-analysis
of over 30,000 human pregnancies with over 500 expo-
sures to ACTs in the first trimester, exposure to artemisi-
nins in the first trimester was not associated with an
increase in miscarriage, stillbirth, or congenital malforma-
tion. (100) These data led the World Health Organization
to revise its treatment guidelines in 2022 to recommend
AL as first-line treatment for uncomplicated falciparum
malaria in the first trimester, (96) with the Centers for Dis-
ease Control and Prevention following suit. (97) Severe first-
trimester cases of malaria are treated with the artemisinin
derivative artesunate in parenteral form.

ONGOING RESEARCH AND GAPS

As malaria remains a key global health issue, there is ongoing
research into prevention, treatment, and management of ma-
laria infection. The Table highlights some key findings and re-
maining questions in the dynamic field of malarial research.

CONCLUSION

The global burden of malaria in pregnancy is significant. In-
fection with malaria during pregnancy can have deleterious ef-
fects on the developing fetus, including preterm delivery,
LBW, and stillbirth. Affected infants are at increased risk for
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anemia, childhood infection with malaria or other infectious
agents, and poor growth that continues into early childhood.
While strong prevention and detection methods exist, cover-
age of these techniques in endemic areas remains below
global targets. Ongoing work into improved treatment and
prevention approaches remains at the forefront of global ma-
ternal child health research.

American Board of Pediatrics
Neonatal-Perinatal Content
Specification

» Know the clinical manifestations, diagnostic

features, management, and complications of
neonatal malaria.

+ Know the effects on the fetus and/or newborn
infant of other maternal infections (eg, malaria)
and their management.
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NEO
QuIZ

1. Malaria infection during pregnancy is associated with preterm birth, low
birthweight and stillbirth. Which of the following malaria parasite is
responsible for the majority of adverse outcomes during pregnancy?

>

. P falciparum.

B. P knowlesi.

C. Plasmodium (P) ovale.
D. P malariae.

E. P vivax.

2. The risk of P falciparum malaria infection is higher during pregnancy due to
parasite sequestration in the intervillous spaces of the placenta. Which of the
following statement regarding risk factors for malaria infection during
pregnancy is correct?

A. Advanced maternal age.

B. Co-occurring iron-deficiency anemia.
C. Gestational diabetes.

D. Primiparity.

E. Obesity.

3. Malaria infection can occur anytime during pregnancy and can negatively
affect the fetus. Which of the following statement regarding the impact of
malaria infection on the fetus is correct?

A. In high endemic regions, malaria accounts for 30% of intrauterine growth
restriction cases (IUGR).

. In high endemic regions, malaria accounts for 15% of preterm births.

C. In malaria endemic settings, malaria infection contributes up to 40% of
all stillbirths.

D. The risk of IUGR is highest in infections caused by P ovale.

E. The risk of preterm birth is increased when the infection occurs before
24 weeks of gestation.

vs]

4. Congenital malaria is defined as the identification of asexual P falciparum
parasites in the cord blood or the newborn’s peripheral blood during the
first week after birth. Which of the following DOES NOT represent a typical
presentation of congenital malaria?

A. Anemia.

B. Hepatosplenomegaly.
C. Hemolysis.

D. Hypothermia.

E. Thrombocytopenia.
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5. Prompt treatment of malaria infection during pregnancy is required to
prevent complications for both the pregnant person and the fetus. When
selecting a treatment regimen, it is critical to consider potential adverse fetal
effects and pregnancy timing. Artemisin-combination therapies (ACTs)
represent the first-line therapy in non-pregnant individuals. ACTs involve the
use of a short-acting artemisinin component in combination with a longer
acting drug such as piperaquine, lumefantrine or mefloquine. Which the
following statement regarding treatment of malaria during pregnancy is
correct?

A. A 7-day course of quinine and clindamycin is the first-line treatment
regimen for uncomplicated P falciparum infection during the first
trimester of pregnancy.

B. Cure rates with ACT regimens are lower in the second and third trimester
compared with the first trimester of pregnancy.

C. Chloroquine is the recommended regimen for uncomplicated malaria
infection in the first trimester if adherence to treatment regimen is a
concern.

D. In a randomized controlled trial, treatment with artemether-lumefantrine
was noted to have the least side effects.

E. Treatment with artemether-lumefantrine confers post-treatment prophylaxis
for up to 12 weeks.
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