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Abstract

Purpose of Review Sequestration of Plasmodium-infected cells in the placenta causes significant adverse effects on mothers and
their fetuses. With progress in understanding placental malaria and associated adverse consequences, this review addresses the
situation in an area with high prevalence, in Blue Nile State, Sudan, where protective interventions are not adequately provided.
Recent Findings Several studies have confirmed that malaria infection during pregnancy with parasites in the placenta, even at
sub-patent level detected by molecular techniques, can result in maternal morbidity, fetal growth restriction, and reduced birth
weight. Thus, malaria protection measures and antenatal care are vital for pregnant women in endemic areas.

Summary Falciparum and vivax-infected erythrocytes are able to sequester in the placenta and not easily detected in peripheral
blood during antenatal period. Recently, several biological biomarkers associated with malaria infection during pregnancy were
detected. Such biomarkers could be used as indicators for identifying women at risk of placental infection complications,

particularly when pre-eclampsia may occur.

Keywords Plasmodium infections - Placenta - Biomarkers - Blue Nile State, Sudan

Introduction

Malaria remains a major health problem in endemic areas
among children and pregnant women. Between 2015 and
2017, the global number of malaria cases increased from
211 million to 219 million and is related to an increase in
deaths [1]. It has been estimated that 200,000 infants and
10,000 maternal deaths occur per year in Africa caused by
malaria-related morbidity [2]. Pregnant women are more sus-
ceptible to Plasmodium infections than the general population
with 2- to 3-fold increased risk of malaria infection [1, 3, 4],
due to hormonal alterations [5], pregnancy-related immune
suppression, and cell sequestration in the placenta [6, 7]. In
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addition, there is increased attractiveness of pregnant women
to mosquitoes due to increased abdomen temperature [8, 9].
Among the five known Plasmodium species that infect
humans, only Plasmodium falciparum (P. falciparum) and
Plasmodium vivax (P. vivax) have been linked with
pregnancy-associated malaria (PAM) resulting in placental
malaria (PM) with pronounced maternal and fetal health con-
sequences. PM increases the risk of maternal anemia, preg-
nancy loss, and low birth weight (LBW) (defined as birth
weight < 2500 g) which is related to a high risk for infant death
[10-12]. Different mechanisms are alleged to be tangled de-
pending on the infecting species [13, 14].

This review provides an overview about the mecha-
nisms by which placental infections by Plasmodium spe-
cies could lead to adverse pregnancy outcomes and con-
sequences in the fetus and during childhood. It also at-
tempts to highlight the situation in a neglected area, i.c.,
Blue Nile State, Sudan, with a high seasonal malaria
transmission, and discusses how the use of the host bio-
markers as indicator for PM can guide control strategies
for optimizing the malaria prevention and intervention
measures so as to minimize the consequence of placental
sequestration that results in poor birth outcomes.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s40475-020-00214-1&domain=pdf
http://orcid.org/0000-0002-3633-4622
mailto:samiaelhaj150@gmail.com

154

Curr Trop Med Rep (2020) 7:153-160

Burden of Placental Plasmodium Infections

Placental malaria is more common in areas where malaria is
endemic [15-18], and almost exclusively due to P. falciparum
which is the most prevalent and virulent human malaria spe-
cies, in sub-Saharan Africa [17-19], while the burden of
P. vivax is significant in the regions of the South East Asia
and South America [20, 21].

It has been documented that nearly a third of 10,032 wom-
en enrolled without evidence of malaria infection at delivery
time for 20 studies conducted in nine sub-Saharan African
countries were infected with PM [18], and prevalence of
26.5% and 38% for PM was reported in East and Southern
Africa and West and Central Africa, respectively [15, 22]. The
median proportion of women with PM has been estimated at
11% in the Asia-Pacific region [23], and 26% prevalence of
PM has been found using PCR in Colombia [24], and was an
important contributor to maternal mortality in Thailand [25].

Moreover, the prevalence and severity of PM are affected by
malaria transmission intensity, geographical region and socio-
economic situation of populations, highest in rural ones, and the
use of malaria prevention tools [16, 17]. In areas of high malaria
transmission, the prevalence of PM is highest in young primi-
gravidae women as they lack the placental parasite-specific
immunity which develop with subsequent pregnancies [7, 19,
26], while women of all gravidities are susceptible to symptom-
atic and severe maternal disease associated with adverse out-
comes in low transmission areas [27, 28]. Furthermore, the
susceptibility to PM infection increases in women with HIV
infection compared with healthy ones [29, 30].

In the case of P. falciparum, the placenta provides an ideal
environment for the development of a subpopulation of ma-
laria parasites capable of sequestration in infected erythrocytes
(IEs), hemozoin deposition in the intervillous space of the
placenta, and leads to placental pathophysiological changes
[31-33]. Although P. vivax was not considered to sequester
in the microcirculation and placental inflammation was not
observed [14], recent studies showed that P. vivax-infected
erythrocytes (PvIE) do have the potential to cyto-adhere to
glycosaminoglycans and may contribute to the pathophysio-
logical effect of vivax malaria in pregnancy [21, 34].
Likewise, P. chabaudi infection was reported to lead to poor
pregnancy outcomes in B6 mice as a result of accumulation of
IEs in the placenta [35].

Detection of Placental Plasmodium Infections

Diagnosis of Plasmodium infections during pregnancy re-
mains challenging due to sequestration of the mature parasites
or parasite products such as hemozoin in the placenta, while
circulating at low-density levels in peripheral blood which do
not correlate with the infection in the placenta [10, 36, 37].
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Although light microscopy remains the standard of practice
for malaria diagnosis in clinical settings, microscopy of pe-
ripheral blood films fails to identify a considerable proportion
of placental infections [13, 37, 38]. Even though placental
histology can diagnose active on past PM infections by de-
tecting the malaria pigment hemozoin within fibrin [31, 39,
40], when taken as a reference test for P. falciparum infec-
tions, lower sensitivity was reported compared with peripheral
microscopy [41]. Additionally, performing placental histolo-
gy examination is costly and its use is possible only for re-
search studies. However, sensitive diagnostic methods are
needed to assess placental malaria before delivery for both
clinical and epidemiological reasons. Alternatives to light mi-
croscopy include rapid diagnostic tests (RDTs), which are
easy to use and have facilitated access to malaria diagnosis
outside health facilities in peripheral communities.
Nonetheless, sensitivity of conventional RDTs in pregnant
women ranges between 78 and 95% if compared with placen-
tal blood microscopy as reference standard and between 57
and 81% if compared with placental thick smear histology
[41, 42]. Furthermore, RDTs cannot detect the low-level
blood stage malaria infections that can otherwise be identified
by molecular methods [41, 43], such as nucleic acid amplifi-
cation techniques, e.g., loop-mediated isothermal amplifica-
tion (LAMP) that displays similar sensitivity to PCR (down
to one parasite/pl of blood) and is an optimal alternative to
PCR-based tests for screening malaria in peripheral and pla-
cental blood as it can be relatively easily deployed outside
reference laboratories [44]. Although molecular detection
methods of Plasmodium have been shown to be sensitive in
detecting low-level parasitemia and sub-microscopic infec-
tions associated with LBW [14, 44-46] and maternal anemia
at delivery for P. falciparum [47] and P. vivax infections [43,
48], its operational limitations such as the demand for high
technical expertise and the high cost drive for the need of other
diagnostic methods to increase proportion detection of placen-
tal infection before delivery.

Placental Changes Associated
with Plasmodium Infections

The crucial experience underlying PM pathogenesis is the se-
questration of IEs and immune cell infiltrates in the placental
syncytiotrophoblasts triggering an inflammatory reaction
known as intervillitis [6, 18, 36, 49]. This inflammation is me-
diated by parasite expression of a pregnancy-specific variant
surface antigen (VAR2CSA) coded for by the var2esa gene,
which appears only in pregnancy on the red blood cell surface
and is capable of binding to the placental target chondroitin
sulfate A (CSA) existing in the intervillous spaces [16, 50-52].

Placental changes associated with PM have been docu-
mented for stable and unstable malaria transmission settings
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[33] and for both P. falciparum and P. vivax. It is well known
that the sequestration of P. falciparum-infected erythrocytes
(PfIE) has been shown to contribute to a high rate of severe
PM [6, 7, 17, 37, 53]. Some evidences currently support that
PvIE also undergo cyto-adherence events [21, 54] to induce
PM associated with maternal anemia and fetal LBW [23, 55,
56], while no placental changes are reported in other species.

Placental inflammation and damage as a result of IE seques-
tration can lead to thickening of the trophoblast layer syncytial
knotting and fibrinoid deposits [39], decreased in placental
weight [57], focal necrosis fibrin deposition, and clumping of
syncytiotrophoblast cells, reduction of their microvilli basal
membrane, and lesions [31, 37]. Sequestration of
P. falciparum expressing VAR2CSA in the immune-
privileged placenta favors parasite survival as a result of eva-
sion to any previously acquired immunity [6, 58, 59]. In highly
endemic areas, where women are assumed to have protection
from the sever syndrome and to acquire IgG-mediated protec-
tive immunity directed against the pregnancy-specific target
VAR2CSA [51, 59], the frequency and severity of the infection
are highest in women in their first and second pregnancies
because they lack the acquired immunity to parasites expressing
this specific variant surface antigen [33, 49, 58]. Moreover, the
levels of anti-VAR2CSA-specific IgGs increase with parity and
are associated with encouraging pregnancy outcome [S1].

IE binding promotes intense infiltration of immune cells in
the intervillous spaces and shifts the balance between Th1/Th2
immune responses toward the Thl pathway resulting in an
important pro-inflammatory cytokine production and attraction
of mononuclear inflammatory cells necessary to parasite elim-
ination but disturbing the immunological balance both in the
peripheral and in the placental blood [17, 37, 60]. Elevated
levels of pro-inflammatory cytokines, such as IFN-y, IL-2,
TNF-«, and IL-6 in the peripheral and/or placental blood of
malaria-infected primigravidae, are responsible for the ob-
served placental pathology and adverse pregnancy outcomes
[58, 60, 61]. Moreover, the accumulation of the maternal im-
mune cells with increased levels of inflammatory cytokines
may trigger a local immune response at the maternal-fetal zone
in the placenta [62] and affect maternal-fetal transfer of nutri-
ents, oxygen, and waste products by mechanical blockage and
inflammatory cells [40, 63]. Furthermore, high levels of
parasitemia and chronic parasite infection in the placental
intervillous space can lead to consumption of nutritive blood
substances due to slow and small venous flow which affect the
nutrient transport function of the placenta [64], which leads to
increased rates of maternal morbidity which results in a wors-
ening of perinatal outcomes and death [65].

Additionally, inflammation and abnormal utero-placental
blood flow in the placenta have been associated with fetal
growth restriction [53, 66], maternal anemia [13, 67], and with
reduced birth weight [68, 69]. Walker and colleagues [70],
using modeling studies, reported that high proportions of

placental infections might have been started by the end of
the first trimester, and in the absence of malaria prevention
methods such as intermittent preventive treatment (IPTp), pla-
cental inflammation might begin in early pregnancy and per-
sist for months. Although cumulative evidence shows that at
least some women remain at increased risk of malaria infec-
tion following delivery [19, 71], peripheral parasitemia is
commonly cleared naturally within 1-2 days of delivery [7].

Consequences of PM in the Fetus
and During Childhood

Published data has demonstrated perinatal complications as-
sociated with PAM and PM in the fetus which involved abor-
tion and still birth [68], [UGR, premature delivery, and LBW
[23, 53] which is indirectly associated with increased infant
morbidity and mortality in Africa [7, 72]. Although it is still
unclear what are the reasons that affect fetal growth and the
exact period of infection during pregnancy is the most harmful
for the growth, in utero infection has been related to stillbirth
[7], and infections in the first or second trimester lead to an
increased risk of LBW in some studies [53, 73, 74]. Moreover,
PM increases the risk of vertical transmission of Plasmodium
parasite from maternal circulation through the placenta into
fetal circulation and result in congenital malaria [75, 76],
which can contribute to infant morbidity and mortality [77].

PM has also been linked with the high burden of infant and
childhood malaria [78] and with the risk of fetal and infant
anemia [37]. Moreover, exposure of the immature fetus to
malaria parasite antigens transmitted across the placenta dur-
ing pregnancy can lead to an alteration of immune develop-
ment of the fetus [79], resulting in a malaria-specific immuno-
tolerant phenotype in the infant due to induction of protection
prior to primary natural infection which may affect malaria
vaccine immunogenicity [80]. Furthermore, in utero immune
experience can affect transplacental transference of antibodies
to antigens of other pathogens such as measles, Streptococcus
pneumonia, and tetanus [7, 81, 82] and may increase the risk
of congenital cytomegalovirus infections [83].

It has been documented that in utero variations in nutrient
transfer from mother to child are associated to reduced birth
weight, ultimately increased rates of cardiovascular disease,
type 2 diabetes, and osteoporosis later in life [84], Moreover,
PAM and PM may mediate neuropathology via immune acti-
vation and inflammation in the placenta [85].

Use of Host Biomarkers as Indicator of PM
Despite the contradicting findings for the association between

PM and the risk for hypertension and pre-eclampsia reported
[65, 86, 87], several biomarkers indicative of placenta
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dysfunction that may indicate PM have been studied to differ-
entiate from pre-eclampsia which shares numerous pathophys-
iological features with placental malaria [42, 88]. Moreover,
sequestered PfIEs and monocytes in the placenta induce inflam-
mation and dysregulated angiogenesis offering the possibility
of detecting pro- and anti-inflammatory molecules and angio-
genic factors such as soluble fms-like tyrosine kinase-1
(SFLT1) or soluble endoglin (sEng) involved in blood vessel
remodeling in peripheral and placental blood [62] and has a role
in preterm birth, LBW, and perinatal death [65]. Elevation of
plasma sEng levels has been shown to precede the onset of pre-
eclampsia [89]; its elevated circulating concentrations have
been associated with PM and increased severity of malaria in-
fection in children in Gabon [90]. Angiopoietins (ANG-1 and
ANG-2) are critical regulators of vascular development, which
were reported to be clinically informative biomarkers for cere-
bral malaria in children [91, 92]. They are also disrupted by the
sequestered PfIEs resulting in placental various histopatholog-
ical changes associated with poor pregnancy outcomes and the
inability of the placenta to support rapid fetal growth in the third
trimester, ultimately leading to LBW [93]. Moreover, comple-
ment component factor 5, particularly C5a, which has been
associated with altered angiogenesis parameters and with
babies small for gestational age [94], was significantly elevated
in placental malaria infection, and reduced IGF-1 levels in in-
fected pregnant women when compared with non-infected con-
trols were correlated with decreased birth weight [69].

Although PM may contribute to the development of pre-
eclampsia by placental inflammatory processes with increased
cytokine secretion [86], indication from pre-eclampsia and
other causes of adverse pregnancy outcomes suggests that
interventions to promote placental angiogenesis may improve
birth outcomes [95, 96].

Using combination of multiple biomarkers for screening of
PAM in longitudinal cohort studies could have diagnostic
value. This would help to determine the timing of the parasite
placental infections and to identify at risk group of women for
developing PM and consequently poor pregnancy outcomes.
At risk patient’s identification can guide malaria control strat-
egies and help the initiation of an effective anti-malarial treat-
ment during the antenatal period to optimize the prevention of
the consequences of placental sequestration in inhabitants of
malaria endemic areas.

PAM and PM in Sudan

Malaria is one of the virulent and epidemic diseases in Sudan,
with P. falciparum as the most dominant species and
Anopheles arabiensis as the main vector. Malaria during preg-
nancy has been documented as a long-standing health prob-
lem in different parts of the country and pregnant women are
more susceptible to malaria infection during pregnancy [97,
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98]. Moreover, P. vivax has been reported among pregnant
women in Eastern Sudan [99].

Maternal mortality ratio for Sudan in 2017 was 295 deaths
/100,000 live birth [1]. Infants’ health is also at risk as a result
of PM and maternal anemia resulting from malaria with high
burden to LBW [45], which is the leading cause of perinatal
and infant mortality [100]. Moreover, it has been reported that
sub-patent antenatal and placental malaria infections, detected
by molecular techniques, contribute to adverse pregnancy out-
comes [45, 101].

In many African countries, decline of placental malaria
associated with substantial reductions in neonatal mortality
and LBW has been linked with malaria prevention and con-
trol, such as use of sulfadoxine/pyrimethamine intermittent
preventive treatment (SP-IPTp) after the first trimester, mass
distribution of insecticide-treated bednets (ITNs), and effec-
tive case management of malarial sickness and anemia [15,
17, 102—104]. However, coverage of these interventions is
limited in the antenatal care program in Sudan with complete
absence of IPTp treatment due to the spread of resistance to SP
in East Africa [17, 105].

PM in the Blue Nile State of Sudan

Blue Nile State lies in the tropical climate zone in the South-
east of Sudan bordering South Sudan Ethiopia where Blue
Nile River enters Sudan from the Ethiopian Highland. This
area remains the worst among the central Sudan states in
health indicators, particularly in primary health care accompa-
nied by the role of migration due to political unrest. Infant and
child mortality rate are higher when compared with other
neighboring states. Inhabitants are mixed with Ethiopian and
South Sudanese people where other plasmodium infections
exist. Malaria illness caused by P. falciparum is one of the
major health problems which increase mortality rates in the
region. The surveillance system of Blue Nile State showed
that malaria remains the top communicable disease that causes
common morbidity and mortality in the area [106]. Few pub-
lished studies investigate the prevalence of PM and its associ-
ated adverse outcome in the Blue Nile State. A cross-sectional
study involving 1149 women who delivered in the three main
hospitals of the State between 2012 and 2015 was conducted.
A high prevalence of PM with P. falciparum as the only spe-
cies was detected in the study population, particularly among
younger age and primiparaec women [41]. In a subsequent
investigation for the role of submicroscopic parasitemia at
time of delivery, a clear association has been found between
sub-patent infections with maternal anemia and low birth
weight in women of all parities irrespective of age [49]. In
addition, investigating congenital malaria at time of delivery
using real-time PCR proved malaria-infected placenta caused
infants and cord blood infections [82].



Curr Trop Med Rep (2020) 7:153-160

157

Probable reasons of the above-mentioned findings in the
Blue Nile area include lack of the recommended control po-
lices and the poor implementation of optimal coverage of
preventive tools. Moreover, documentation on the prevalence
of PAM in the area is not separated from the overall preva-
lence of malaria in the population so as to reflect about the
burden and severity of infection in pregnant women as com-
pared with the general population. Additionally, the usage of
the ITNSs is not extensively practiced as poor pregnant women
might not use the ITNs distributed by the ANC program free
of charge and prefer to cover their young children with them,
or even to sell the nets in the market to gain money. In addition
to many other behavioral factors, women are not familiar with
ANC attendance and drug use during pregnancy as they are
afraid of the toxic effects of drugs in general and antimalarial
treatment in particular. As such, there is a low enrollment of
pregnant women in antenatal care.

Notably, due to traditional and cultural constraints, the ma-
jority of women in the area prefer to deliver at home, in addition
to the economic and logistic requirements related to hospital
delivery such as the charges to be paid for delivery even in
public hospitals and other indirect costs such as expensive trans-
portation and stay near the hospitals. Consequently, most of
those women; who were never examined by a qualified physi-
cian, come to the health centers for delivery with many serious
morbidities difficult to be diagnosed as PM or preeclampsia.

In order to reduce the risk of placental Plasmodium infec-
tions in areas such as Blue Nile State, there is an urgent need
for raising the awareness at the community level about the
detrimental effects of PAM and PM for the mothers and their
fetuses. Moreover, the available malaria control measures in
the area need to be reviewed with emphasis on sufficient sen-
sitization of ITNs usage with coverage of all family members.
Government and NGO efforts of health education of pregnant
women for early ANC attendance and WHO recommended
and focused number of visits are very essential, to avoid late
attendance, particularly in rural areas where political stability
and socioeconomic development are required.

Moreover, efforts to effectively address the limitations in
the use of the antimalarial prevention measures by the popu-
lation, beside the awareness for safety of medication intake
during pregnancy, targeting women of childbearing age
through community approaches and at educational and social
meetings to improve the handling and usage of malaria pre-
vention measures are vital. There is a need of more malaria
control policies to screen for asymptomatic Plasmodium in-
fection among pregnant women in the ANC service followed
by immediate effective anti-malarial treatment to enhance the
prevention of placental sequestration and decrease probabili-
ties of suffering from adverse pregnancy outcomes and im-
prove the benefits for the women’s health.

In such population where PM and pre-eclampsia may inter-
act to drive adverse pregnancy outcomes, it would be

interesting to measure placental biomarkers in peripheral blood
during pregnancy that could help determine the timing of pe-
ripheral infections which lead to placental sequestration. Also,
to assess the ability of treatment during pregnancy to clear the
placenta and lead for the development of more effective inter-
ventions to decrease the burden of PAM and PM so as to im-
prove the fetal and maternal outcome. Availability and in-
creased use of obstetric ultrasound examination in maternity
hospitals and units throughout pregnancy to improve under-
standing of the effect of malaria in pregnancy on fetal health
is needed.

Subsequent to the findings of the above study, a longitudi-
nal study is in progress following pregnant women throughout
the course of pregnancy. The objectives of the study are char-
acterization of genetic complexity of placental Plasmodium
infections by sequence analysis of complete var2csa and to
assess multiple biomarkers during pregnancy that can indicate
PM and help to determine women at increasing risk for devel-
oping poor pregnancy outcomes.

Conclusion

Several studies have indicated that the detrimental effects of
placental Plasmodium infections to the mother, fetus, and the
child are accumulative effects of cellular damage. Although
P. vivax interactions were believed to be milder than those due
to P. falciparum, pathophysiological effects occur in both
infections.

There are still challenges in the prompt diagnosis and treat-
ment of PM infections. Measuring placental biomarkers with-
in the framework of pre-eclampsia and associated to severe
malaria in children and in infected pregnant women will allow
optimizing the prevention of the consequences of placental
sequestration and can provide information about disease path-
ophysiology and may improve the detection of PM in the
absence of peripheral parasitemia.

Although var2csa has been identified as a major target for a
vaccine against P. falciparum malaria during pregnancy, ef-
forts to identify the different genetic variants and conserved
epitopes of this protein from different geographical areas are
still needed. Understanding maternal immune responses in the
placenta as a result of Plasmodium infections is critical for
management of pregnancy failures and poor birth outcomes.
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