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Abstract

Purpose of Review Placental malaria is the primary mechanism through which malaria in pregnancy causes adverse perinatal
outcomes. This review summarizes recent work on the significance, pathogenesis, diagnosis, and prevention of placental malaria.
Recent Findings Placental malaria, characterized by the accumulation of Plasmodium-infected red blood cells in the placental
intervillous space, leads to adverse perinatal outcomes such as stillbirth, low birth weight, preterm birth, and small-for-
gestational-age neonates. Placental inflammatory responses may be primary drivers of these complications. Associated factors
contributing to adverse outcomes include maternal gravidity, timing of perinatal infection, and parasite burden.

Summary Placental malaria is an important cause of adverse birth outcomes in endemic regions. The main strategy to combat this
is intermittent preventative treatment in pregnancy; however, increasing drug resistance threatens the efficacy of this approach.
There are studies dissecting the inflammatory response to placental malaria, alternative preventative treatments, and in develop-
ing a vaccine for placental malaria.

Keywords Placental malaria - Malaria in pregnancy - Pathogenesis of placental malaria - Prevention of placental malaria -
Obstetrical outcomes of placental malaria - Plasmodium infection

Introduction

Malaria in pregnancy is an important global health issue. The
World Health Organization (WHO) reports that 11 million
pregnancies in sub-Saharan Africa were at risk of malaria in
2018 alone [1]. During pregnancy, the burden of adverse ob-
stetrical and neonatal outcomes occurs as a result of placental
malaria, when the parasite-infected red blood cells sequester in
the intervillous spaces of the placenta. In endemic regions, pla-
cental malaria may be present in up to 63% of pregnant women,
irrespective of malaria infection symptomatology [2—4].
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The global burden of malaria infection is primarily in low-
and middle-income countries. The World Health Organization
(WHO) reported in 2018 there were 228 million cases; 93% of
cases occurred in Africa, followed by Southeast Asia (3.4%) and
the Eastern Mediterranean Region (2.1%) [5]. Of note, sub-
Saharan Africa and India carried 85% of all cases [5]. While
cases in 2018 were lower than 2010 (251 million cases), the
incidence rate has been relatively stable since 2014 at 57 cases
per 1000 population at risk, demonstrating a slowing of the rate
of change in addressing malaria infection [5](Fig. 1).
Additionally, as the overall number of endemic regions de-
creases [5], studies are finding that malarial immunity in previ-
ously endemic regions are dropping, leading to more adverse
pregnancy outcomes in women who become infected [6e, 7].

Here, we review the recent literature on the pathogenesis,
diagnosis, and outcomes from placental malaria, with a focus
on human studies. We also discuss current concepts in treat-
ment and strategies for prevention.

Pathogenesis

Malaria infection occurs due to the protozoan parasite
Plasmodium which has five species that infect humans:
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Fig. 1 Global incidence of P. falciparum. Time-aware mosaic data set
showing predicted all-age incidence rate (clinical cases per 1000
population per annum) of Plasmodium falciparum malaria for each
year. Colors: one linear scale between rates of zero and 10 cases per
1000 (gray shades) and a second linear scale between 10 and 1000
(colors from purple to yellow). Malaria Atlas Project: WHO
Collaborating Centre. Explorer Map - Plasmodium falciparum
Incidence. No changes made to the map. Legend represented as is from

P. falciparum, P. malariae, P. ovale, P. vivax, and P. knowlesi
[1]. Of these, P. falciparum and P. vivax are the most preva-
lent [1, 5]. P. falciparum causes the highest rates of compli-
cations and mortality while P. vivax causes a less fatal but
relapsing infection [1, 8-10].

Humans acquire the Plasmodium parasite via the bite of an
infected Anopheles mosquito [11]. After the pre-erythrocytic
liver stage, plasmodium parasites invade red blood cells
(RBCs) and start to circulate in the bloodstream [12].
Differing from the other species, P. falciparum parasites ex-
press the P. falciparum erythrocyte membrane protein 1
(PfEMP1) receptor on infected RBC membranes [11].
During pregnancy, infected RBCs express a variant PFEMP1
receptor called VAR2CSA receptor that has an active Dufty-
binding-like Yy domain, which enables adherence and seques-
tration of infected RBCs in the intervillous spaces of the pla-
centa [13, 14].

Placental malaria is thought to occur via Plasmodium
avoidance of spleen clearance through expression of the

map. Image located at: https://malariaatlas.org/explorer/#/. Available
through open access via the Creative Commons Attribution 3.0
Unported License accessible through: creativecommons.org/licenses/by/
3.0/. Disclaimer: Authors of this paper were not involved in the making of
this map. This image was made through the Malaria Atlas Project. See
open access attribution information above for details on accessing the
map

VAR2CSA protein that binds to the chondroitin sulfate A
(CSA) in the placental intervillous space [15, 16¢]. Placental
malaria is characterized by the accumulation of these infected
RBC:s in the intervillous space and subsequent infiltration of
maternal monocytes/macrophages [17]. Prominent inflamma-
tory infiltration by monocytes/macrophages causing massive
chronic intervillositis is related to severe placental malaria
[18]. Inflammatory response to placental malaria inhibits
mTOR signaling which is key [19]. Intervillositis due to pla-
cental malaria was found to be associated with increased
autophagosome formation but decreased autophagosome/
lysosome fusion leading to autophagosome accumulation in
syncytiotrophoblasts blocking placental amino acid uptake
[20¢]. In mothers with placental malaria, autophagy-related
genes were downregulated leading to autophagy dysregula-
tion and thereby impairment of transplacental amino acid
transport [21]. Also, blockage of mTOR signaling due to pla-
cental malaria leads to decreased placental amino acid uptake
[20°]. Recently, it was found that placental malaria stimulates
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placental expression of inflammasomes which are linked to
placental secretion and maturation of IL-1(3, a pro-
inflammatory cytokine that causes diminished nutrient trans-
porter expression [19]. Thus, during placental malaria, the
usually anti-inflammatory placental environment evolves into
a pro-inflammatory state. Gravidity is an important factor that
alters fetal and maternal responses during placental malaria
[22]. In primigravid women, proportion of anti-inflammatory
maternal vs fetal macrophages showed opposite trends in the
setting of placental malaria [23]. On the other hand, compared
with primigravid women, multigravid women had higher
levels of IL-27 and IL-28A that induce secretion of protective
cytokines against malaria [24]. The influence of timing of
infection changes according to gravidity, as primigravidas
with early asymptomatic infection and contrarily
multigravidas experiencing parasitemia later in pregnancy
have higher rates of placental malaria [25]. Other than these,
a study in Sudan proposed the carriage of female fetus as a
novel risk factor for placental malaria [26].

Increased levels of pro-inflammatory cytokines, oxidative
stress [27], and apoptosis lead to pathological changes in the
placenta and poor pregnancy outcomes [28]. It has been
shown that histopathological changes and placental malaria
enhance the risk of preeclampsia in pregnant women, espe-
cially in primigravidas [29]. Histopathological changes during
placental malaria include presence of hemozoin, perivillous
fibrin deposition [30, 31], syncytial knot formation [32], and
decrease in villous surface area (Fig. 2). These pathologic
alterations in the placenta may limit exchange of nutrients
between mother and fetus, increasing risk for fetal growth
restriction and low birth weight babies [16¢, 33]. Placental
malaria decreases the abundance of megalin and DAB2 in
syncytiotrophoblasts, which may be associated with low birth
weight [34]. In Papua, increased placental mitochondrial
DNA copy number demonstrated a relationship with reduced
birth weight [35]. Malaria infection during early pregnancy
leads to alterations in the vascular structure of the placenta,
such as decrease of transport villi volume and increase of
diffusion distance and diffusion vessel surface, which influ-
ence birth weight and gestational length [36]. Even so,
Plasmodium infection mid-pregnancy has been linked in-
creased risk of preterm birth, possibly due to the changes in
angiogenic, metabolic, and inflammatory states [37].

Risk Factors

In endemic regions, infection is more common in younger wom-
en and in primigravidas or secundigravidas compared with
women who have been pregnant more than twice [1, 4,
38-40] with primigravidas having nearly three times the risk
of placental malaria as multigravidas [41]. This is thought to
occur because VAR2CSA is functionally and antigenically dis-
tinct from all other PFEMP1 types, so that a woman is unlikely to
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have acquired protective immunity to prior to the first pregnancy
[42]. A significant mediator of reduced risk in later pregnancies
is through the development of antibodies against VAR2CSA
[43, 44]. However, in regions with low transmission rates, all
pregnancies are at increased risk of for placental malaria given
the lower immunity within the population [7].

Maternal HIV infection increases susceptibility to and se-
verity of placental malaria by impairing antibody develop-
ment to variant surface antigens expressed by malaria-
infected erythrocytes, dysregulating cytokine production,
and reducing protective interferon-gamma (IFN-g) responses
[45]. A systematic review found that malaria incidence is de-
creased in the setting of antiretroviral treatments, particularly
protease inhibitors [4]. However, a recent randomized con-
trolled trial tested this hypothesis in HIV-positive pregnant
woman and found no decrease in placental malaria with the
protease inhibitor compared with the non-nucleoside reverse
transcriptase inhibitors [46]. Therefore, antiretrovirals may
not play a protective role in placental malaria infection.

Additional risk factors for placental malaria include low
maternal socioeconomic status and antenatal stress and mental
health disorders. Low socioeconomic status is associated with
poor-quality housing, making it easier for mosquitos to enter,
inability to afford protective insecticide-treated bed nets, and
lack of access to antimalarials and malaria preventative tools
[4, 5]. Even after controlling for malaria prevention medica-
tions, poverty has been shown to have an independent associ-
ation with malaria infection [41]. Additionally, women in low-
and middle-income countries where poverty is rampant also
have higher rates of antenatal depression [47]. Antenatal de-
pression is significantly associated with bed net non-use dur-
ing pregnancy [48]. The impact of antenatal stress and mental
health and how that interacts with the social and economic
stressors women in low- and middle-income countries endure
are critical factors to addressing malaria in pregnancy as a
whole and placental malaria specifically.

Obstetrical Outcomes

Placental malaria is thought to be the mechanism through which
malaria exerts its poor obstetrical outcomes. These negative ef-
fects occur through the disruption of the maternal-fetal nutrient
exchange and the inflammatory response in the placenta as de-
tailed above. Recent studies of pregnant women with and with-
out placental malaria demonstrated that placental malaria had a
significant association with low birth weight (< 2500 g) (relative
risk (RR) 3.45, 95% CI 1.44-8.23, p =0.005; adjusted relative
risk (aRR) 3.42, p=0.02), preterm birth (RR 7.52, 95% confi-
dence interval (CI) 1.72-32.8, p =0.007), small for gestational
age (RR 2.30, 95% CI 1.10-4.80, p=0.03; aRR 4.24,
p<0.001), stillbirth (odds ratio (OR) 1.95, 95% CI 1.48-
2.57), and higher rates maternal anemia (aOR 2.22, 95% CI
1.02-4.84; p =0.045) [162, 49¢, 50, 51¢], confirming that the
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Fig. 2 Histological cross section of chorionic villi. (a) Chorionic villi
(CV) have a continuous layer of syncytiotrophoblasts separating fetal
and maternal cells. Fetal blood vessels (FBV) are located within the CV
whereas maternal red blood cells (RBC) are circulating in the intervillous
space (IVS). (b) During placental malaria, infected red blood cells (iIRBC)

pathological process occurring in the placenta is the likely
source of these adverse obstetrical outcomes (Table 1).
Longitudinal studies of malaria during pregnancy suggest that
the total number of infections over pregnancy, and the
parasitemia burden (measured by quantitative PCR), have the

accumulate within the IVS and lead to fibrin deposition (FD) and
syncytial knot (SK) formation. Normal light (¢) and polarized light (d)
microscopy of malaria-infected placenta demonstrating hemozoin (HZ),
dark-brown pigment in normal light and red in polarized light,
accumulation within iRBC, and maternal intervillous monocyte (MIM)

greatest association with placental malaria [25, 52]. The impact
on timing of infections during pregnancy on the development of
placental malaria is dependent on maternal gravidity, with earlier
infections having a greater impact in primigravidas compared
with later infections in multigravidas [25].

Table 1 Obstetrical outcomes

associated with placental malaria Outcome

Preterm birth

Relative risk (RR) (95% CI; p value)

RR 7.52 (1.72-32.8, p=10.007)

Low birth weight

Small for gestational age
Maternal anemia
Stillbirth

#aRR 3.42; p 0.02
#aRR 4.24, p <0.001

RR 3.45,95% CI1 1.44-8.23, p=0.005
RR 2.30, 95% CI 1.104.80, p=0.03
"aOR 2.22, 95% CI 1.02—4.84; p = 0.045
*OR 1.95, 95% CI 1.48-2.57

Data from Kapisi [16¢], Lufele [42], Ategeka [43], and Moore [51]. Low birth weight represents neonates weight

less than 2500 g
CI confidence interval
# Adjusted relative risk (aRR)

*Maternal anemia presented as adjusted odds ratio (aOR)

* Stillbirth presents as odds ratio.
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The low birth weight associated with placental malaria is a
significant global public health concern. Neonates and infants
with low birth weight have increased risk of death in the first
year of life [53] with 200,000 infant deaths a year as a result of
maternal malaria [54]. Additionally, these infants are at in-
creased risk for poor developmental outcomes through child-
hood and beyond [55]. This is of major concern as low birth
weight is a placental malaria outcome that remains persistent
in areas with low malaria transmission rates and is predicted to
increase as malaria endemicity decreases globally [7, 55].

The higher rates of maternal anemia with placental malaria
tend to be more severe, with hemoglobin <7 [40]. Severe
anemia during pregnancy not only increases the risk of low
birth weight infants but also increases the risk of death from
postpartum hemorrhage, a common obstetrical complication
independent of malaria [1, 39, 40]. This again highlights the
important and devastating impact of placental malaria on
pregnant women.

Over 200,000 stillbirths in sub-Saharan Africa are attribut-
ed to malarial infection, making malaria one of the most pre-
ventable infectious causes of stillbirth worldwide [3, 51, 56].
Acute or chronic placental malaria infection is associated with
a 2-fold increase in stillbirth risk [3] and is thought to be the
link between malarial infection and stillbirth. This association
between malarial infection and stillbirth was two times higher
in low-to-intermediate endemicity areas than in areas of high
endemicity [51¢], further highlighting the complex relation-
ship between decreasing malaria transmission rates and preg-
nancy outcomes.

Malaria in infancy and congenital malaria as a result of
placental malaria has been actively evaluated. One study dem-
onstrated that children born to mothers with placental malaria
had a significantly higher odds of clinical malaria (OR, 4.1;
95% CI, 1.3—13.1) in the first year of life [54]. Another study
found that clinical malaria episodes occurred earlier in chil-
dren born to women with placental malaria than women with
no placental malaria [57]. Congenital malaria, while rare, has
been associated with placental malaria. A recent study dem-
onstrated significant increased odds of this outcome in neo-
nates born to women with placental malaria [58]. Yet, a sys-
tematic review of 14 studies found that there was insufficient
evidence to confirm or exclude the causal association between
malaria in pregnancy and malaria in infancy. Additionally,
there is not clear evidence of vertical transmission [40, 59]
and the outcome of congenital malaria is rare, making it a
challenge to study.

Diagnosis and Management
Diagnosis of Placental Malaria

Placental malaria is difficult to diagnose during pregnancy.
Peripheral blood smear, the classic diagnostic tool during
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clinical practice, is usually negative because parasitized
RBCs sequester in the placenta. However, even submicro-
scopic peripheral infection or parasitemia before 3rd trimester
is still a risk factor for developing placental malaria [60].
Rapid diagnostic tests (RDTs) are successfully used to diag-
nose non-pregnant individuals with malaria; however, this
technique is less efficient for the diagnosis of placental malar-
ia. A newer version of RDT called highly sensitive rapid di-
agnostic test (HS-RDT) had higher sensitivity compared with
light microscopy and conventional RDTs in placental blood
samples when nested PCR was used as reference test [61].
Even though PCR is a more reliable technique for placental
malaria diagnosis, it is inconvenient to use in primary care
facilities and largely unavailable in low resource settings.
Loop-mediated isothermal amplification (LAMP) is an alter-
native nucleic acid amplification technique that can be used
outside a reference laboratory for molecular detection of pla-
cental malaria by analyzing placental blood that is quick, easy,
and as accurate as nested PCR [62]. Nonetheless, the gold
standard for placental malaria diagnosis is via placental histol-
ogy, although it cannot be applied during ongoing pregnan-
cies. The pathological classification system has been first de-
scribed by Bulmer et al. in 1993 [63], then further modified by
Rogerson et al. [15] and named as Rogerson Criteria. They
categorized the placentas into four groups: (1) active infection,
(2) active-chronic infection, (3) past-chronic infection, (4) not
infected (Table 2). Active infection is characterized by the
presence of parasitized RBCs in the intervillous space, malaria
pigment in RBCs, and monocytes in the intervillous space but
no pigment in fibrin. If a pigment accumulation in fibrin/
fibrin-containing cells/syncytiotrophoblasts/stroma accom-
panies the previous findings, then it is called active-chronic
phase. Past-chronic infection is identified as malaria pigment
confined to fibrin or cells within fibrin in the absence of par-
asites. Another novel histological grading scheme for placen-
tal malaria was proposed by Muehlenbachs et al. [64]. They
separately quantified degree of inflammation and pigment de-
position and calculated a score for each feature. Inflammation
score is (I) for minimal inflammation, (II) for present inflam-
mation, and (III) for massive intervillositis. Pigment deposi-
tion score is assessed by calculating the percentage of high-
power fields that are positive for pigment in fibrin in
intervillous spaces, excluding erythrocytes and monocytes.
Pigment deposition score is (I) for <10%, (II) for 10-40%,
and (III) for >40% pigment deposition per high-power field.
Despite these instructions, there are some challenges for his-
tologic diagnosis. Due to improper fixation of placental tissue,
unbuffered formalin pigment can accumulate and resemble
malaria pigment, making it difficult to distinguish them from
each other for a correct diagnosis [65], and fixation with buff-
ered formalin preparation is important for accurate diagnosis
by histopathology. Placental impression smear has been pro-
posed as an easier and cheaper method compared with



Curr Trop Med Rep (2020) 7:162-171

167

Table 2 Rogerson criteria for histopathologic diagnosis of placental malaria

Active infection

Active-chronic infection

Past-chronic infection Not infected

Presence of parasitized RBCs in the intervillous
space with malaria pigment in RBCs and
monocytes in the intervillous space; no pigment
in fibrin

Pigment accumulation in fibrin,
fibrin-containing cells,
syncytiotrophoblasts, stroma
accompanies the previous findings

Malaria pigment confined to Absence of parasite in
fibrin or cells within fibrin ~ placental RBCs
in the absence of parasites ~ without malaria
pigment

Data from Rogerson [15]

placental histology, and may be useful in settings where his-
topathology cannot be performed [66]. However, histopathol-
ogy is likely to remain the gold standard for the most sensitive
diagnosis of clinically relevant placental malaria [49¢].

Treatment

Because placental malaria can only be diagnosed postpartum
by assessing the placenta, treatment is primarily preventative.
There are two main approaches to prevention in areas with
active transmission: intermittent preventive treatment in preg-
nancy (IPTp) and intermittent screening and treatment in preg-
nancy (ISTp). These two approaches are active areas of re-
search given the ongoing changes in malaria endemicity and
Plasmodium drug resistance.

In endemic regions, the WHO recommends IPTp with
sulfadoxine-pyrimethamine (SP) [5]. However, in sub-
Saharan Africa, where the bulk of malarial infections occur,
P. falciparum has developed sequential mutations in the
dihydrofolate reductase (dhfr) and dihydropteroate synthase
(dhps) genes, which confer resistance to pyrimethamine and
sulfadoxine, respectively [55]. The efficacy of SP is lower in
areas with high frequency of the quintuple mutant (triple dhfr
mutation and double mutation at dhps) [55]. In regions where
>90% of parasites have the quintuple mutant, up to 40% of
asymptomatic parasitemic women who receive SP for IPTp
are parasitemic again by day 42, reflecting the failure of SP to
clear existing P. falciparum infections and prevent new infec-
tion [67]. Additionally, the efficacy of SP is completely lost in
the event of sextuple mutant (when an additional mutation in
dhps is present) [S5].

To combat the developing resistance, the WHO made rec-
ommendations for three or more doses of SP during pregnan-
cy starting in the second trimester [5]. However, this method
may not be effective in regions where resistance is rising, such
as East Africa. Recently in Uganda, a randomized controlled
trial compared SP with dihydroartemisinin—piperaquine (an
artemisinin-based treatment [DP]) given for three doses or
every 4 weeks. They found that the prevalence of moderate-
to-high-grade pigment deposition was significantly higher in
the SP group than the monthly DP group (55.6% vs. 20.6%,
p=0.003), and that the risk of any adverse birth outcome (low
birth weight, preterm delivery, stillbirth, and spontaneous
abortions) was significantly lower in the monthly DP (9.2%)

than in the three-dose DP group (21.3%, p =0.02) [68°°]. A
Kenyan trial demonstrated similar findings with IPTp with DP
having significantly lower prevalence of malaria infection
during pregnancy and at delivery when compared with those
receiving IPTp with SP [69]. A population pharmacokinetics/
pharmacodynamics model of the Ugandan trial found that the
optimal dosing DP is 3 days of administration as a loading
dose followed by either single daily or weekly dosage [70].
They found that lower amounts of medication were required
with more frequent dosing, leading to less adverse side effects
and increased time above target concentrations of DP leading
to less placental malaria [70].

The efficacy and safety of DP has also been seen in West
Africa. A trial that compared four artemisinin-based treat-
ments (artemether—lumefantrine, amodiaquine—artesunate,
mefloquine—artesunate, and dihydroartemisinin—piperaquine)
in pregnant women in Burkina Faso, Ghana, Malawi, and
Zambia with malaria infection had similar findings. They
found that DP had the best efficacy, an acceptable safety pro-
file, and the additional benefit of a longer post-treatment pro-
phylactic effect, further supporting its suitability as chemopro-
phylaxis or chemoprevention agent for Africa and not just
East Africa [71e¢].

ISTp, the intermittent screening for malaria during antena-
tal visits using a rapid diagnostic test and treating test-positive
women with an effective antimalarial drug [72], has been
studied as a potential alternative to IPTp both in areas of SP
and areas of low transmission where IPTp is not a recommen-
dation. The results have been unfavorable. On study in a low
transmission setting found no additional benefit in placental
malaria to ISTp in comparison with treating symptomatic pa-
tients [72]. Another study in an endemic region demonstrated
that ISTp with DP when compared with IPTp with SP had
higher levels of placental malaria and adverse obstetrical out-
comes [67]. These findings highlight that in endemic regions,
IPTp with SP is more effective, even in SP-resistant areas,
than ISTp. Additionally, in low transmission regions,
preventing placental malaria through ISTp may not be effec-
tive and alternative methods need to be evaluated.

Vaccination

P. falciparum—derived VAR2CSA receptor is the main mole-
cule facilitating the binding of infected RBCs to CSA in the
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intervillous space. Formation of antibodies against
VAR2CSA inhibits binding of infected RBCs to CSA, there-
by preventing complications related to placental malaria [40].
VAR2CSA is a large and diverse protein that has six Duffy-
binding-like (DBL) domains and four interdomain (ID) re-
gions making it hard to produce an efficient vaccine.
However, a certain region of this protein called as minimum
binding domain (MBD) has been identified as the critical re-
gion sufficient for the induction of antibody response [73].
Two vaccines called PRIMVAC and PAMVAC have been
developed based on the MBDs of 3D7 and FCR3 parasite
lines respectively [74]. Antibodies generated by PRIMVAC
recognized homologous and two heterologous strains but their
ability to inhibit adhesion was not as successful in heterolo-
gous strains as it was in the homologous one [75]. Recently, a
first-in-human, randomized, double-blind, placebo-con-
trolled, dose escalation trial conducted in both malaria naive
and P. falciparum—exposed non-pregnant women showed that
PRIMVAC adjuvanted with either Alhydrogel or
glucopyranosyl lipid adjuvant in stable emulsion (GLA-SE)
had acceptable safety profiles and induced the production of
functional antibodies against its homologous strain, however
had limited cross reactivity against heterologous variants only
if higher doses applied [76+¢]. Likewise, PAMVAC resulted
in the production of inhibitory antibodies against its homolo-
gous strain [77]. Overall, we can say that both of these vac-
cines mainly function against their homologous parasites.
Still, there is insufficient evidence in terms of protection from
placental malaria and its adverse outcomes, and the vaccine-
related antibody formation [78e¢]. Rather than protection,
presence of antibodies has been linked to placental and pe-
ripheral infection [78¢¢]. Another challenge for successful
vaccine development is the presence of global genetic varie-
ties of VAR2CSA, especially in African populations, leading
to potential variation in vaccine efficiency [79]. Sequencing of
MBD of VAR2CSA can be separated into four or five clades,
including FCR3-like variant and 3D7-like variant which is
linked to increased risk of low birth weight [79]. Notably, it
was also shown that binding inhibition and opsonizing func-
tion of antibodies changes according to parasite variant and
geographical location besides gravidity [80¢].

Further Investigation

Since the exact pathogenesis and maternal and fetal immune
response regarding placental malaria are still unclear, there are
gaps in terms of prevention, diagnosis, and treatment of pla-
cental malaria. As mentioned before, diagnosis of placental
malaria is very challenging. Accurate, cost-effective, and eas-
ily applicable tools for identification of placental malaria
should be developed to decrease the burden of the disease
on both mother and fetus. It is important that those tools aim
to make the diagnosis before delivery without need of
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placental specimens, as pathologic changes occur during early
pregnancy. For treatment, there needs to be further studies
evaluating the optimal regimen for IPTp alternatives in re-
gions with ongoing SP resistance and the development of
standardized regimens in low transmission regions where pla-
cental malaria is still common. In terms of protection, the
exact protective and functional mechanism of naturally ac-
quired antibodies in pregnant women against placental malar-
ia is not fully understood and requires advanced research.
Although two preventive vaccines against P. falciparum for
placental malaria (PRIMVAC and PAMVAC) are under de-
velopment, they are not applied routinely yet. Further investi-
gations regarding their safety and efficacy, also considering
population dependent variances in protectivity, need to be
conducted. Additionally, an interesting new area of research
is the recently reviewed fetal in utero immune response
against malaria, its effect during childhood, and differences
based on sex [22, 30].
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