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Malaria in pregnancy (MiP) poses a dangerous health risk to both mothers and
their fetuses, causing severe outcomes such as preterm delivery, intrauterine
growth restriction, miscarriage, stillbirth, and neonatal and maternal death.
Plasmodium falciparum infected erythrocytes sequester in placental
intervillous spaces causing placental malaria (PM), eliciting inflammatory
responses associated with severe sequelae. Current MiP prevention strategies
have improved pregnancy outcomes, but serious morbidity and mortality persist.
Vaccines to prevent MiP and PM are under development and are expected to
improve pregnancy outcomes. To prepare for safety and efficacy trials of these
vaccines, the incidence of adverse pregnancy outcomes including those caused
by MiP should be documented at clinical sites. This review summarizes reported
key adverse pregnancy outcomes attributable to MiP, providing important
baseline context to define measurable safety and efficacy endpoints for
malaria vaccine trials in pregnancy.
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Introduction

Despite progress in reducing malaria globally, malaria in pregnancy (MiP) remains a
pervasive issue in endemic areas. According to the World Health Organization (WHO),
malaria infection occurred in 32% of pregnancies from 38 moderate-to-high transmission
African countries in 2021 (1). Exposure to malaria during pregnancy, even in women with
pre-existing immunity, poses risks to both the mother and her fetus, as infection increases
the risk of maternal death, severe maternal anemia, and fetal and neonatal death (2, 3).
While pregnant women and children under age 5 are most vulnerable to severe malaria
complications, poor pregnancy outcomes are often missed as malaria-related events, and
generally not included in annual malaria burden reports such as malaria-related infant
mortality estimates (4). Further, it has been demonstrated that malaria-endemic regions,
such as countries in sub-Saharan Africa and South Asia, have pregnancies with the highest
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risk of death for the newborn but the lowest availability of data on
adverse birth outcomes. This lack of data, particularly lack of
national administrative data, poses difficulties in establishing
baseline rates of adverse outcomes in regions where interventions
are needed most (5). Current efforts to develop vaccines that
prevent MiP will benefit from defined and measurable safety and
efficacy endpoints including malaria-related adverse birth
outcomes, such as embryonic, fetal, and neonatal deaths
occurring from conception to the weeks following birth. In this
review, we briefly review the pathogenesis of placental malaria and
existing tools for prevention, and then focus on MiP-related
pregnancy outcomes including miscarriage, stillbirth, perinatal
death, preterm birth (PTB), and low birth weight (LBW)
(Figure 1) and discuss their confounding or contributing factors,
as a context to plan for future MiP vaccine trials.

Pathology of placental malaria

While adult residents of malaria-endemic regions typically
enjoy immunity acquired over frequent exposures to malaria
parasites, malaria poses a new risk to pregnant women. Women
are particularly susceptible to malaria in their first pregnancy due to
placental sequestration of Plasmodium falciparum infected
erythrocytes. Parasites with binding affinity to the placental
receptor chondroitin sulfate A (CSA) are responsible for this
placental sequestration, defining a placental malaria (PM)
syndrome (6). Nulligravidae lack immunity to CSA-binding
parasites, but malaria-exposed women acquire protective
antibodies to PM over successive pregnancies. These protective
antibodies, including antibodies against the variant surface protein
VAR2CSA, block parasite adhesion to CSA in the placenta (7).
VAR2CSA is a distinctly structured member of the PFEMP1 family
of variant surface antigens and mediates parasite adhesion to CSA
in the placenta (8). The sequestration of parasite-infected
erythrocytes within the intervillous spaces of the placenta elicits
an inflammatory infiltrate and placental pathology that are
associated with poor pregnancy outcomes.

Placental parasitemia may contribute to these adverse outcomes
in a number of ways. Healthy pregnancies are characterized by
immunomodulatory phenomena and a predominant Th2
immunity, while inflammatory responses to PM including Thl
cytokines can alter this balance and contribute to sequelae (9, 10).

conception 28 weeks
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For example, increased inflammatory responses in the P. falciparum
infected placenta can lead to oxidative stress and apoptosis of
placental cells (11). This stress on the placenta can have
deleterious effects on embryo development and parturition.
Placental structure can also be compromised, wherein women
with MiP display decreased transport villi, increased placental
lesions, and syncytial knotting (12, 13). Further, a Doppler
ultrasound study in Kenya demonstrates that P. falciparum
infection is associated with abnormal uterine artery blood flow (14)

Current strategies to prevent malaria
in pregnancy

Diagnosis of placental malaria

Diagnosing malaria early during infection is important to
prevent disease sequelae but is not easily accomplished. Many
women carry parasitemia with few or no symptoms, owing to
systemic immunity acquired during a lifetime of exposure. The
microscopic detection of parasites on blood smears is the most
widely used method to detect placental malaria due to long-
standing clinical practice. However, parasites are often not
detected on a peripheral blood smear, even when relatively large
numbers of parasites are sequestered in the placenta (15). Thus, an
individual with placental malaria may produce negative test results
while infected, leaving them undiagnosed and untreated. For
pregnant patients, diagnosis with rapid diagnostic tests (RDTs)
serves as an alternative. This immunochromatographic antigen test
reports sensitivities above 90%, making it potentially more effective
than microscopy or clinical systems of detection (16). In addition,
polymerase chain reaction (PCR) techniques have significantly
helped to unravel the true burden of infection in pregnancy by
detecting sub-microscopic infections that also contribute to poor
pregnancy outcomes (17, 18).

Vector control strategies

Vector control strategies for MiP target the Anopheles mosquito
to prevent transmission of Plasmodium parasites to pregnant
women. WHO currently recommends deployment of insecticide-
treated nets (ITNs) for pregnant women in endemic regions (19).

birth 7 days

| |

28 days

miscarriage

stillbirth

perinatal death

FIGURE 1

Timeline of adverse outcomes throughout pregnancy. Miscarriage, stillbirth, perinatal death, early neonatal death and late neonatal death are

represented according to their timing during or after pregnancy.
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Indoor residual spraying (IRS) is typically recommended in
malaria-endemic regions but raises safety concerns, as insecticide
residues have been found in breast milk and prenatal exposure to
insecticides may impact human neurodevelopment (20, 21).

Genetic modification of mosquitoes provides options for more
permanent vector control, through sex-specific sterilization, species
replacement with genetically modified mosquitoes resistant to
parasite infection, and gene drive approaches to spread
disadvantageous genetic traits throughout mosquito populations
(22). While potentially powerful, gene-based mosquito control
strategies for malaria have not been widely implemented, due to
many factors including uncertainty of ecological impact, genetic
variance among Anopheles species, and difficulty of wide-
scale implementation.

Intermittent preventive treatment
in preghancy

In addition to vector control strategies, WHO strongly
recommends intermittent preventive treatment in pregnancy
(IPTp) with sulfadoxine-pyrimethamine (IPTp-SP) in areas with
moderate-to-high malaria transmission (23). IPTp-SP is
administered to pregnant women up to once a month after the
first trimester. While proven to significantly reduce several malaria-
related adverse outcomes, IPTp is not recommended in the first
trimester due to teratogenicity concerns, leaving early pregnancies
at risk of malaria infection (24, 25). Alternatives to SP have also
been explored in studies that investigated mefloquine (26) or
dihydroartemisinin-piperaquine in both HIV-negative and
-positive women (27, 28). The challenge for malaria control in
early pregnancy is compounded by the difficulty in reaching women
during this period, as women in endemic regions typically consult
for antenatal care at mid-pregnancy or later (29). For instance,
attendance to antenatal clinics in the first trimester ranges from
12% in Malawi to 15% in Kenya (30). Of note, parasites infecting
women in the first trimester of pregnancy can display a placenta-
binding phenotype. These early infections have been associated with
adverse outcomes such as LBW (31-33), highlighting the
importance of new tools like vaccines that can provide durable
protection from before conception through the postpartum period.

Recommendations for antimalarials in the first trimester have
been stymied due to concern of these drugs causing birth
complications. WHO recommends quinine therapy for
uncomplicated P. falciparum malaria in the first trimester despite
ample evidence of superior efficacy by artemisinin-containing
combination therapies (ACTs) (34). In animal models,
artemisinin derivatives have been shown to have teratogenic and
embryotoxic effects in early pregnancy (35). However, these toxic
effects have not translated to discernible toxicity in humans as a
meta-analysis of twenty studies found that treatment with
artemisinin during pregnancy was not associated with miscarriage
(35). Another meta-analysis of 30,618 pregnancies found no
difference in the risk of miscarriage when comparing the use of
artemisinin and quinine during the first trimester (36). Considering
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the ample safety evidence, it may be advantageous to regularly
implement ACTs to combat adverse pregnancy outcomes such as
miscarriage until vaccines for MiP are available.

Development of vaccines against
malaria in preghancy

Vaccine candidates in clinical trials

Women in endemic areas naturally acquire resistance to PM
over successive pregnancies, and this is associated with acquisition
of functional antibodies against placenta-binding parasites and the
surface antigen VAR2CSA (37). High levels of antibodies against
VAR2CSA have been associated with improved pregnancy
outcomes, and VAR2CSA is the leading candidate for a placental
malaria vaccine (38). PAMVAC and PRIMVAC are two
VAR2CSA-based vaccine candidates tested in humans that have
demonstrated a good safety profile and induced functional variant-
specific but not variant-transcending antibodies (39, 40). More
work must be done to develop a placental malaria vaccine
effective against a wide range of VAR2CSA-expressing parasite
variants, a major challenge given the extensive sequence variation
of the protein (41).

While not specifically designed to prevent placental malaria, P.
falciparum sporozoite (PfSPZ) Vaccine is an attenuated whole
malaria sporozoite vaccine entering the early stages of
development in pregnant women. In clinical trials with non-
pregnant African adults, PfSPZ Vaccine has been remarkably
well-tolerated and showed significant efficacy against P.
falciparum infection (42, 43). Thus, the protective efficacy of
PfSPZ Vaccine in preventing malaria infection warrants further
consideration for trials in pregnant women (44). RTS,S/AS01 and
R21/Matrix M are recombinant subunit virus-like-particle
vaccines that target the same sporozoite surface protein
(circumsporozoite protein, CSP) and prevent clinical malaria in
African children. These are the only licensed malaria vaccines to-
date; RTS,S (45) was recommended by WHO in October 2021 (46),
and R21 was first approved for use in Ghana (47), then Nigeria (48),
each with the indication to prevent clinical malaria in children aged
5 months to 3 years. These vaccines might also be assessed for
benefits against pregnancy malaria. While less explored for MiP,
monoclonal antibodies against malaria present another potential
intervention. In phase 2 clinical trial, monoclonal antibody CIS43LS
has demonstrated protection against P. falciparum infection of
Malian adults (49).

Safety and efficacy endpoints for trials in
pregnant women

Contemporary information on adverse pregnancy outcomes is
needed to monitor safety and efficacy of MiP vaccines during
development and implementation. Vaccine trial safety endpoints
include number and grade of adverse events in study subjects. In
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general, safety endpoints for vaccines being tested in pregnant
women classify adverse pregnancy outcomes as an adverse event
(AE) that can dictate study progress. Maternal, fetal or neonatal
death in particular are serious adverse events (SAEs) that can
warrant halting a study, so documenting their pre-existing
frequencies will be key to ensure safety while mitigating
unwarranted delays in trial progress. In malaria endemic regions
where adverse pregnancy events occur at high frequencies, baseline
rates of AEs should be established before trial initiation. Baseline
rates of adverse events provide safety boards with the information
necessary to assess whether a vaccine is increasing the incidence of
such events.

One such study has been conducted in Mali with a cohort of
women of child-bearing age who were monitored monthly for
pregnancy via hCG testing. Women who became pregnant were
followed thereafter to track their pregnancy outcome, thus
providing data regarding the incidence of AEs across all
trimesters including miscarriage, stillbirth, preterm delivery, and
small for gestational age (50). Such data exemplify the types of
information that can serve as benchmarks for efficacy and safety
endpoints during vaccine trials. These endpoints are routinely used
to assess the safety of any vaccine tested in pregnant women, but are
also caused by malaria and therefore can be measured to assess
vaccine efficacy.

Region-specific documented ranges of outcomes can provide
reference for researchers to assess how vaccine candidates reduce or
contribute to fetal or neonatal mortality, and these data can be used
to create consensus on trial endpoints globally. Since rates for poor
pregnancy outcomes can vary by site due to local factors,
documentation of background rates of poor outcomes at a trial
site is warranted. This is particularly relevant for early phase trials
with small cohort sizes in which a single or few adverse events may
be difficult to interpret and could prematurely halt trials. Well-
documented background rates will provide an evidence base to
more confidently assess the relationship of severe adverse events to
the study product. This is especially important considering the
relatively high frequency of adverse pregnancy outcomes that occur
in malaria-endemic regions, whether due to malaria or other causes.

Pregnancy-specific endpoints require clear definitions that
specify factors including timing of gestation during AEs and
occurrence of congenital anomalies (44). Further, measurements
of these outcomes should be thoroughly standardized so that data
can be accurately synthesized across sites. For instance, precision of
scales and gestational age assessment tools make a significant
impact on reported rates of low birthweight and gestational age
respectively (44). Creating vaccine endpoints for MiP requires a
nuanced approach that considers multiple metrics with an
understanding that the occurrence of AEs does not automatically
disqualify a vaccine from being safe and effective. P. falciparum
parasitemia is always treated in pregnant women owing to the
strong association with poor pregnancy outcomes and is a relatively
frequent event with which to assess vaccine efficacy. Thus, baseline
rates of parasitemia in pregnant women are useful to calculate
sample sizes for example for Phase 2 trials that assess efficacy.
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Malaria-related adverse
pregnancy outcomes

Miscarriage

Miscarriage is defined here as the death of a fetus during the
first two trimesters, or before 28 weeks of pregnancy, per WHO’s
definition. However, the definition of the gestational age of viability
varies (between 24 and 28 weeks) and it has been general practice
that pregnancy losses below that age are considered miscarriages.
Preventing miscarriage is important for women and their future
pregnancies as previous miscarriage is associated with an increased
risk of PTB, fetal growth restriction, and other obstetric
complications in subsequent pregnancies (51). Miscarriage is one
of the lesser studied complications of MiP, partly due to low
attendance at antenatal clinics early in pregnancy in endemic
regions (29). In a study conducted on the Thai-Myanmar border,
it was found that a single episode of symptomatic or asymptomatic
falciparum or vivax malaria in the first-trimester can increase the
risk of miscarriage (52). Incidence of miscarriage was highest in
women infected with falciparum malaria with 16% of pregnancies
resulting in miscarriage compared to 11% of women with vivax
infection and 9% of noninfected women. In a cohort in Mali, 43 of
358 pregnancies resulted in miscarriage (12%) with 65.1% of these
miscarriages occurring within the first trimester of pregnancy (50).
This study did not evaluate malaria infection but demonstrates the
burden of miscarriage in the first trimester of pregnancy in a
malaria-endemic region of Mali. Additional risk factors for
miscarriage in infected women include severe malaria [adjusted
odds ratio (aOR) 3-63, 95% CI 1-15-11-46] and increased
parasitaemia [aOR 1-49 (1:25-1-78) for each ten-fold increase in
parasitaemia] (Table 1) (53).

Stillbirth

An estimated 2.6 million stillbirths occur annually, with 98% in
low- and middle-income countries, and prenatal malaria is a major
cause (54). An estimated 20% of stillbirths in sub-Saharan Africa are
attributable to P. falciparum malaria in pregnancy (55). Pregnancy
losses above the gestational age of viability are stillbirths, and here
are defined as occurring from 28 weeks of pregnancy onward.
Malaria-induced stillbirth may be caused by a myriad of sequelae
that develop during infection of the placenta including impaired
placental perfusion, maternal anemia, and preterm labor (56, 57).

In an observational study in Mali, malaria infection predicted
increased risk of stillbirth (adjusted hazard ratio 3.87, P =.03) (18). In
a meta-analysis of nineteen different countries, P. falciparum detected
and treated during pregnancy was also associated with stillbirth (OR
1-47 [1-13-1.92], but to a lesser extent than untreated infection (OR
1.95 [95% CI 1-48-2-57]) (55). P. vivax malaria increased the odds of
stillbirth when detected at delivery (OR 2-81 [0-77-10-22]), but not
when detected and treated in pregnancy (OR 1-09 [0-76-1-57]). The
timing of infection is also of interest; in Uganda, malaria within two
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TABLE 1 Factors associated with increased risk of adverse birth outcomes in MiP.

Miscarriage

Stillbirth

Perinatal
Death

10.3389/fitd.2023.1229735

Preterm
Birth

Low Birth Weight

Among all gravidae

Pooled population in
sub-Saharan Africa
and the Western
Pacific (Cates et al.,

A imi i Al
at Thai-Burmese _nné;)nf Erfén:gflgrdae :'nrr(:'n%'a dae 2017)
i i imigravi
Early border (McGready & p & . All gravidae in
et al., 2012], and in Malawi A
pregnancy et al, 2012), and . ) ) Burkina Faso (Valea
R Benin [Briand et al., (Elphinstone
Benin 2016] etal, 2019) et al., 2012; Cottrell
(Briand et al., 2016) v et al,, 2007)
Primigravidae in
Timing of Benin (Huynh et al,,
infection 2011)
All gravidae in Malawi
(Kalilani-Phiri et al.,
201 Burki
Among all Among all gravidae in | Among all 013) and Burkina
. . . Faso (Cottrell et al.,
gravidae in Malawi (Kalanda gravidae in
Late K 2007)
reenan Uganda et al.,, 2006) and in Uganda Pooled population in
pregnancy (Beaudrap et al., Benin (Briand et al., (Beaudrap pop i
2013) 2016) et al, 2013) sub-Saharan Africa
v and the Western
Pacific (Cates et al.,
2017)
Based on
metanalysis
among all Among primigravidae
Among all . gravidae (Xiong | in Papua New Guinea
A 11
Maternal Severe gravidae in Ghana mong' all gravidae in et al., 2000) (Brabin et al., 1990)
maternal i Malawi (Kalanda K X
factor . (Yatich et al,, Among all Among all gravidae in
anemia et al., 2006) o . .
2010) gravidae in Benin (Bodeau-Livinec
Cameroon et al., 2011)
(Tako et al.,
2005)
Among all Among all
gravidae at the gravidae at the Among primi- and
Among all gravidae Thai-Myanmar Thai-Myanmar X . Among all g P K K
. X Among all gravidae in . K secundi- gravidae in
Symptomatic at Thai-Burmese border (Moore border (Moore gravidae in .
. Uganda (Beaudrap . Tanzania
malaria border (McGready et al., 2017a) et al., 2017a) et al, 2013) Mali (Gaoussou (Schmiegelow et al
et al,, 2012) and in Sudan and in Sudan ” et al,, 2022) 2013) 8 "
Severity of (Taha & Gray, (Taha & Gray,
. . 1993) 1993)
infection
' Among all fAmong primigrav'{dae
Among all gravidae . i i K in Papua New Guinea
- Among all gravidae in | gravidae in .
Hyper- at Thai-Burmese X ) (Brabin et al., 1990)
itemi border (McGread Benin (Ibhanesebhor Benin A all dac i
arasitemia rder rea mon; ravidae in
parastte order IV chready & Okolo, 1992) (Ibhanesebhor ong @ gravidac
et al,, 2012) & Okolo, 1992) Benin (Ibhanesebhor
’ & Okolo, 1992)
.Low—to- X All gravidae
intermediate
K (Moore et al.,
malaria
- 2017b)
Malaria endemicity
Endemicity
Al 11
Malaria Among all gravidae m(?ng & Among all
K X gravidae (van .
endemic (Ahmadal-Agroudi gravidae (Lawn
countries et al,, 2017) Geertruyden et al,, 2023)
” et al,, 2004) v

weeks of delivery was found to be associated with a two-fold greater
risk of stillbirth (OR 2.15 [1.04-4.46]) (Table 1) (58). In Sudan, the
risk of stillbirth was significantly increased among women who
reported malaria infection in the first and second trimester of
pregnancy (OR 1.4 [1.1-1.9]). However, antenatal records of
pregnant women from the Thai-Burmese border suggest that an
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episode of malaria in the first trimester does not predispose a
pregnancy to later stillbirth (53). Thus, it is not completely clear
how malaria in the first trimester is related to stillbirth, and whether
this varies across parasite strains or populations.

Preventative measures contribute toward the reduction of
stillbirth and related complications as IPTp and ITNs can reduce
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stillbirths by 22% (59). Antenatal care visits are also important; in
areas of high malaria transmission in Malawi, stillbirth was
associated with fewer than five antenatal care visits (aOR 3-1
[1-4-7-0]) (60). Nevertheless, these useful tools do not adequately
address the MiP problem: in a longitudinal cohort of pregnant
women in Mali, malaria was common and increased the risk of
stillbirth nearly 4-fold among primigravidae despite widespread use
of IPTp-SP (18).

Perinatal death

Perinatal death refers to death of a baby between the 28th week
of pregnancy to 7 days after birth, encompassing the outcomes of
stillbirth and early neonatal death. Rates of perinatal mortality are
overall higher in malaria-endemic countries with an estimated
perinatal mortality rate of 34.7 per 1000 births (61). However,
actual perinatal mortality rates are believed to be even higher than
reported since a large percentage of perinatal deaths are unreported
in malaria-endemic countries (62).

Maternal malaria increased the risk of perinatal death and LBW
(risk ratio = 12.4), in a study from the Democratic Republic of the
Congo (known as Zaire at the time of the study) (63). On the Thai-
Myanmar border, falciparum and vivax MiP increase the risk of
mortality by 2.55-fold and 1.98-fold, respectively (64). Among
pregnant women in rural Malawi, the risk of neonatal death
increased as birth weight decreased (65). The risk of LBW is
known to be increased by placental malaria infection, thereby
highlighting a link between malaria and perinatal mortality (18).
Further, in a study with pregnant women in Kenya, impaired
uteroplacental blood flow has been found to be predictive of
perinatal death (14). Malaria infection in the third trimester was
associated with abnormal uterine artery flow velocity waveforms,
suggesting impaired uteroplacental blood flow may be related to the
pathology of infected maternal erythrocytes in the placenta.

Successful prevention of falciparum infections reduces the risk
for perinatal mortality by 27% among primigravidae (66). When it
was still effective as an antimalarial, chloroquine prophylaxis was
shown to protect against perinatal death (risk ratio = 0.38) (63).
While more comprehensive data on perinatal mortality are
necessary to accurately determine the impact of preventative
measures, new interventions are clearly necessary to reduce the
burden of malaria sequelae during pregnancy.

Risk factors for fatal outcomes of neonates
and infants

Intrauterine growth restriction (IUGR), PTB, and LBW are all
risk factors for death at delivery or in early infancy (Table 1). TUGR,
the condition in which a fetus does not grow to normal weight
during pregnancy, is a major cause for LBW. High density
parasitemia in placental smears has been associated with I[UGR in
Benin (67). Malaria both in early and late pregnancy is associated
with TUGR. Women with early pregnancy malaria have 2.2 times
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the risk of IUGR measured on multiple ANC visits compared to
women without early infection (95% CI: 1.1, 4.2) (68).

Malaria infection also increases the risk of PTB (hazard ratio =
2.41,p =0.003) (18), the other major contributor to LBW in malaria
exposed populations. PTB is related to stillbirth, with around three-
quarters of stillbirths born preterm globally (5). MiP is estimated to
be responsible for 36% of PTB and 70% of IUGR in areas with stable
malaria transmission in Africa (58).

LBW, defined as a birthweight less than 2,500 grams, is a major
risk factor for infant mortality. In malaria-endemic regions, an
estimated 19% of LBW births are due to malaria, and an estimated
6% of overall infant deaths are due to malaria-induced LBW (69).
MiP increases the risk of both LBW and prematurity, and some
studies find that the risk is greater when the infection is acquired in
early pregnancy (32, 70, 71). Frequency of infection is also a
relevant factor as the risk of LBW increases as the number of
malaria episodes during pregnancy increases [one episode:
prevalence ratio (PR) 1.62 (95% CI 1.07-2.46); two episodes: PR
2.41 (95% CI 1.39-4.18)] (70). A study with pregnant women in
Gambia found a four-fold risk of delivering LBW babies if mothers
had parasitized placentae (72). Another cohort in Papua New
Guinea found that histopathologically diagnosed chronic
placental malaria is associated with both LBW and PTB (73).

Preventative measures are effective against adverse pregnancy
outcomes. Three or more doses of IPTp-SP was associated with a
66% reduced risk of LBW (74). Further, a regimen of more than
three doses IPTp-SP was associated with an improved birth weight
compared to fewer doses of treatment. However, treatment with
IPTp in the third trimester did not prevent IUGR, stressing the need
to protect women from malaria from early in pregnancy (75).
Furthermore, consistent antenatal care is of importance as PTB
has been associated with <5 antenatal care visits (aOR 2.2, 95% CI
1.3-3.7) (60). Altogether, the evidence suggests measures focused
directly on malaria prevention in conjunction with broader health
care access are critical to address risk factors for MiP.

Limitations

There are contradicting data in the literature regarding which
adverse birth outcomes are significantly related to malaria. This could
be due to the lack of consensus on what markers of malaria should
serve as surrogates of adverse birth outcomes. A 2020 study found
that detection of parasites through placental histopathology was
associated with an increased risk of adverse birth outcomes, while
parasite detection by microscopy was not (76). The variation in
sensitivity of malaria detection methods may contribute to
discrepancies in reports of malaria impact on adverse birth outcomes.

Further, there is a lack of first trimester cohort studies in Africa,
with most studies of first trimester pregnancies being conducted in
Southeast Asia. This is at least partially attributable to the later
gestational age at first ANC visit in most African sites, as well as a
lack of established data collection sites in the region. Recent efforts
to address this include a pregnancy registry established in Mali to
provide baseline information on maternal and fetal outcomes in
preparation for vaccine trials in pregnant women (44).
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FIGURE 2

Current and future interventions for MiP. Summary of interventions for MiP from before conception to time of birth. Blue regions represent
established interventions and red regions represent possible interventions for the future.

Finally, increased ANC monitoring and care (IPTp; bed-nets;
clinic visits) during any vaccine or interventional trial in pregnancy
will likely reduce the burden of parasitemia and therefore improve
pregnancy outcomes. This benefit of study participation will thus
reduce the endpoints needed to assess malaria vaccine efficacy,
highlighting the need to estimate this effect a priori to ensure
sufficient sample size and power for statistical analysis of the
clinical benefit of the vaccine. On the other hand, fewer adverse
pregnancy outcomes in the control group due to increased care and
malaria prevention might facilitate identification of any concerning
safety signals specifically related to the vaccine.

Future directions

There have been significant strides in reducing the burden of
MiP through the distribution of ITNs, and implementation of IPTp/
SP (Figure 2). However, with continued rates of maternal mortality,
stillbirth, and other malaria-related sequelae, MiP persists as a
perennial problem requiring stronger solutions. In light of
growing resistance to current therapeutics, a more sustainable and
effective approach to preventing pregnancy malaria is warranted
(77). The development of a vaccine targeting MiP has possibly the
greatest potential to prevent enduring adverse birth outcomes. By
intensifying research on adverse pregnancy outcomes caused by
MiP, we can best equip ourselves to confirm the safety and efficacy
of vaccines against MiP and accelerate their ultimate deployment to
end these preventable health consequences.
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