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Editorial on the Research Topic

Immunity to Parasitic Infections in Pregnancy

INTRODUCTION

Despite having a degree of pre-existing immunity to plasmodial and other parasitic infections,
pregnancy may render women more susceptible to these pathogens than their non-pregnant
counterparts due, at least in part, to pregnancy-related alterations in immune responsiveness.
Parasitic infections during pregnancy represent a major risk to maternal and fetal health (1–3). The
maternal immune system must establish a balance between immune tolerance of the semi-
allogeneic fetus and appropriate immune responses to pathogens. The particular case of infection
with Plasmodium falciparum, the cause of the syndrome known as placental malaria (PM),
illustrates the pathological consequences of excessive inflammatory responses on fetal
development and maternal health. Not all parasitic pathogens are as virulent, but protozoa such
as Toxoplasma gondii or Trypanosoma cruzi also challenge the maternal immune system and affect
susceptibility to infections in early life. Thus, improved understanding of host-parasite interactions
and the underlying immune mechanisms involved in parasitic infections during pregnancy will help
define more efficient and effective approaches to tackle the burden of these infections and improve
maternal-fetal health.

Plasmodium and other human parasitic species rely largely on their well-developed ability to
manipulate the immune system to their own advantage, allowing them to establish chronic
infections. On the other hand, pregnant women can develop a protective immunity that relies on
both humoral and cellular immune mechanisms. The six original research and six review articles,
published in this Research Topic, provide insights into our understanding of the diverse
mechanisms involved in generating immune response to toxoplasmosis, trypanosomiasis and
plasmodial infections, in the context of pregnancy, their impact on pregnancy outcomes, and
disease control strategies including vaccines.
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TOXOPLASMOSIS AND
TRYPANOSOMIASIS
DURING PREGNANCY

Chagas disease and toxoplasmosis, caused by Trypanosoma cruzi
and Toxoplasma gondii (respectively), are two parasitic
infections congenitally transmissible to the child, causing
perinatal morbidity and mortality (2, 3). Medina et al.
demonstrate these parasites induce a differential microRNA
profile in human placental explants in an ex-vivo model.
Furthermore, in silico analysis of the differentially expressed
miRNAs reveals the predicted-targets regulated different
cellular processes involved in cell development and immunity.
Barros et al. review current advances and perspectives in the
development of vaccines in congenital toxoplasmosis,
highlighting the need for investigations to study the nature of
protective immunity at the maternal-fetal interface; there has
been no consensus on the optimal immune response required to
protect both mother and fetus in congenital infection using live
or subunit vaccination approaches.
MALARIA DURING
PREGNANCY: PATHOGENESIS

In malaria infection during pregnancy, there has been a strong
interest to understand how malaria infection and placental
pathology may result in adverse outcomes. Sarr et al. examine
granulocytes and markers of neutrophil activation in pregnant
women with, and without, P. falciparum and HIV infections.
They note that granulocyte counts in peripheral and placental
blood are differentially affected by infection and that markers of
activation are increased in those with PM. Kabyemela et al.
investigate potential causes of fetal anemia in a region of high
malaria transmission, and report that fetal anemia is not
associated with the presence of P. falciparum infection at
delivery; they identify other factors (including cytokines, a
thalassemia, and soluble transferrin receptor), which have been
previously implicated in the pathogenesis of anemia. Finally,
Chua et al. review our current knowledge on the different
pathological pathways leading to low birthweight of babies
from mothers that experienced malaria during pregnancy.
Current strategies to prevent and manage malaria in pregnancy
as well as potential therapeutic interventions that may improve
birth outcomes are also discussed.
MALARIA DURING
PREGNANCY: IMMUNITY

Although common in pregnancy, maternal anemia can be
exacerbated by malaria resulting in increased risk of maternal
morbidity and mortality (1). Wiebe and Yanow review the
possible roles played by antibodies to malarial variant surface
antigens (VSA) on infected erythrocytes (IEs) in protecting
Frontiers in Immunology | www.frontiersin.org 2
mothers from maternal anemia, and discuss current knowledge
gaps. It appears that pathways leading to anemia in PM are
complicated and multifactorial, with several conflicting studies
finding no-, mixed- or inverse-associations between anti-VSA
antibodies and maternal anemia during pregnancy malaria.

Immune competence in the infant during malaria infection is
also reviewed by Callaway et al. in order to translate our current
understanding of fetal and neonatal immunology into safe and
immunogenic vaccines that can be administered in early infancy.
The authors highlight that the fetus is immunologically
competent and can mount adaptive B and T cell responses to
perinatal pathogens in utero, providing proof-of-concept that
induction of protective immunity prior to birth may be possible.
VAR2CSA ANTIBODIES AND PLACENTAL
MALARIA VACCINE DEVELOPMENT

P. falciparum parasites, which cause PM, express the protein
VAR2CSA on the surface of IEs (4), and pregnant women with
elevated levels of high avidity antibodies to VAR2CSA early in
pregnancy had a reduced risk of PM at delivery (5). Vanda et al.
demonstrate that high avidity antibodies to VAR2CSA are
predominately restricted to the DBL5 domain of VAR2CSA,
and their levels increase from first to second pregnancy (with
affinity maturation of antibody taking place primarily during the
second pregnancy), while positively influencing the baby’s
birthweight. Elevated levels of VAR2CSA-specific total IgG and
cytophilic IgG3 during pregnancy are also associated with higher
birth weights, as shown by Tornyigah et al. The authors evaluate
the subclass of anti-VAR2CSA IgG responses in a cohort of
pregnant Beninese women using the PAMVAC candidate
vaccine antigen, and demonstrate that cytophilic IgG1 and
IgG3 responses to VAR2CSA are the most frequent, whilst
high levels of IgG4 are associated with reduced risk of
placental infections. This study provides evidence that
protection induced by VAR2CSA antibodies results from
coordinated activities between both cytophilic and non-
cytophilic antibodies.

Consistent with reports from Vanda et al. and Tornyigah
et al., McLean et al. demonstrate that levels of VAR2CSA IgG are
significantly associated with increased birth weight in a
longitudinal study of women infected with malaria during
pregnancy. In particular, the authors show that women who
had been infected by mid-pregnancy at enrolment had higher
levels of antibodies to VAR2CSA associated with a reduced risk
of adverse outcomes, in contrast to women uninfected at
enrolment. Findings from this study highlight that high levels
of VAR2CSA antibodies early in pregnancy may lead to better
pregnancy outcomes.

VAR2CSA is the leading vaccine candidate to prevent PM
particularly in first-time mothers who are at greater risk of poor
pregnancy outcomes due to PM. Tomlinson et al. critically
review the host defense evasion mechanisms employed by
VAR2CSA-expressing P. falciparum during PM. The review
focuses on VAR2CSA roles in PM pathogenesis, including
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cytoadhesion in the placenta as well as modulation of the
placental microenvironment by pregnancy-specific IEs to
escape recognition by protective antibodies.

After decades of preclinical development of PM vaccines, two
VAR2CSA-based subunit vaccines have recently been tested in
phase 1 trials (6, 7). In their review, Gamain et al. discuss recent
advances in PM vaccine development, with a focus on recent
clinical data, and outline the next clinical steps required to
improve our understanding of vaccine-induced immunity and
accelerate second generation of PM vaccine development.
CONCLUSION

In summary, the burden of parasitic diseases in pregnant women
remains a major global health problem. The published articles in
this Research Topic show the complexity of the relationship
between infection, immunity, and clinical outcomes of parasitic
infections in pregnancy. Although P. falciparum is a dominant
pathogen in parasitic infections during pregnancy, this collection
also notes the roles of other protozoa that can challenge the
maternal-fetal immunity. These articles also provide a better
understanding of the diverse mechanisms involved in generating
immune responses to parasitic infections during pregnancy and
their impact on pregnancy outcomes that will inform future
Frontiers in Immunology | www.frontiersin.org 3
therapeutic approaches, including vaccination, to protect the
mother and fetus health.
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