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ABSTRACT

Maternal-infant transmission of malaria remains a critical public health concern, particularly in regions where
malaria is endemic. This review explores the complex mechanisms of transmission, including placental malaria,
vertical transmission during childbirth, and postnatal transmission through breastfeeding. Malaria during
pregnancy significantly impacts both maternal and neonatal health, leading to severe complications such as
anemia, preterm birth, low birth weight, and neonatal malaria. The placenta serves as a central site for parasite
sequestration, leading to adverse pregnancy outcomes and increasing the risk of congenital malaria. Despite
advancements in malaria control strategies, including intermittent preventive treatment (IPTp), insecticide-
treated nets (I'TNs), and rapid diagnostic tests (RDTs), maternal-infant transmission continues to present
challenges, particularly in resource-limited settings. The emergence of drug-resistant malaria strains and
insecticide-resistant mosquitoes further complicates prevention efforts. This review evaluates current diagnostic
and therapeutic approaches, highlighting the need for safer, more effective interventions that address the unique
needs of pregnant women and their infants. Research gaps remain, particularly in understanding the long-term
effects of in utero malaria exposure, improving diagnostic accuracy for low-density infections, and developing
vaccines suitable for pregnant women. Addressing these gaps is essential for reducing the burden of maternal-
infant malaria transmission and improving outcomes for mothers and infants in high-risk areas.
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INTRODUCTION
Malaria remains one of the most pressing public health challenges globally, especially in tropical and subtropical
regions where the disease is endemic [17]. The World Health Organization (WHO) estimates that in 2022, there
were 247 million cases of malaria worldwide, resulting in over 619,000 deaths, with the majority occurring in sub-
Saharan Africa. This region bears the brunt of the malaria burden due to the presence of the most virulent species,
Plasmodium falciparum, and the highly efficient mosquito vector, Anopheles gambiae. The disease not only affects
individuals but also has far-reaching socio-economic impacts, exacerbating poverty and impeding development.
Among the populations most vulnerable to malaria, pregnant women and their infants stand out. Pregnancy
induces physiological changes that increase a woman’s susceptibility to malaria infection, and maternal malaria can
lead to severe complications such as anemia, placental malaria, and preterm birth [27]. Moreover, the transmission
of malaria from a pregnant mother to her infant, either in utero, during delivery, or postnatally, is a significant
concern. This vertical transmission can result in congenital malaria, low birth weight, neonatal morbidity, and in
severe cases, neonatal mortality. Maternal-infant transmission of malaria, therefore, represents a critical
intersection between maternal health and child survival, requiring specialized attention and targeted
interventions.
The complexities of maternal-infant malaria transmission are rooted in the unique interactions between the
parasite, the mother’s immune system, and the developing fetus. The placenta, a vital organ for nutrient and waste
exchange between the mother and fetus, becomes a key site for malaria infection. Plasmodium falciparum parasites
can sequester in the placenta, evading maternal immune responses and potentially crossing into the fetal
bloodstream. This placental malaria is associated with adverse pregnancy outcomes, including intrauterine growth
restriction, stillbirth, and increased risk of malaria in the newborn [37].
Despite significant progress in malaria control, maternal-infant transmission remains a persistent challenge,
particularly in resource-limited settings. The current strategies for preventing and managing malaria in
pregnancy include intermittent preventive treatment (IPTp), the use of insecticide-treated nets (ITNs), and

Page | 11


kiu.ac.ug
kiu.ac.ug

https://www.eejournals.org Open Access
prompt diagnosis and treatment of malaria episodes. However, these interventions are not universally effective,
and coverage remains suboptimal in many high-burden areas. Additionally, the emergence of drug-resistant
malaria strains and insecticide-resistant mosquito populations poses new challenges to existing control measures
r47.
This review aims to understand the mechanisms of maternal-infant malaria transmission, assess its impact on
maternal and neonatal health, evaluate diagnostic, therapeutic, and preventive strategies, and identify gaps in
current research. It will examine the role of the placenta in parasite sequestration, maternal immune responses,
and factors influencing vertical transmission during pregnancy, childbirth, and postnatal periods. The review will
also discuss the challenges of implementing preventive measures in high-burden settings and the need for new
tools to address emerging threats. The review will also propose potential research avenues and strategies for
improving management and control of maternal-infant malaria transmission.
Mechanisms of Maternal-Infant Transmission

Malaria transmission is a complex process that occurs through various pathways, including placental transmission
during pregnancy, vertical transmission during childbirth, and postnatal transmission through breastfeeding [57.
Placental malaria is characterized by the accumulation of infected red blood cells (iIRBCs) within the placenta,
leading to inflammation, impaired placental function, and adverse pregnancy outcomes. This is driven by parasite
sequestration and the maternal inflammatory response. Placental malaria increases the risk of severe anemia,
maternal mortality, and congenital malaria, where the infant is born with malaria parasites in their bloodstream.
Vertical transmission occurs when the infant comes into contact with infected maternal blood during childbirth or
shortly thereafter. The risk of vertical transmission is influenced by factors such as the presence of malaria
parasites in maternal blood at the time of childbirth and the nature of the delivery process itself. Postnatal
transmission occurs when the mother has an active malaria infection and parasites are present in her bloodstream.
These parasites can be transferred to the infant through breast milk, especially if there are microabrasions or other
entry points in the infant's digestive tract. Breastfeeding is typically considered safe and protective against many
infections, but in cases where the mother has an untreated or poorly managed malaria infection, there is a potential
risk of transmitting the parasites to the infant [67]. Understanding these mechanisms is crucial for developing
effective interventions to protect pregnant women and their infants from the devastating effects of malaria.

Impact on Maternal Health
Malaria during pregnancy is a significant public health concern, particularly in regions where the disease is
endemic. It can cause severe complications that endanger both the mother and the fetus. Pregnant women are
particularly vulnerable to malaria due to changes in immunity, increased susceptibility to infection, and the
presence of the placenta as a reservoir for Plasmodium parasites. Maternal complications include anemia, preterm
birth, and severe maternal illness [7]. Anemia is a common and serious condition, resulting from the destruction
of red blood cells by malaria parasites. Preterm birth is associated with respiratory distress syndrome, sepsis, and
long-term developmental delays in the infant. Cerebral malaria, a life-threatening condition characterized by
seizures, altered consciousness, and coma, can result in long-term neurological deficits or death. Managing malaria
in pregnant women presents unique challenges, including diagnostic difficulties and the need to balance the risks
and benefits of treatment. Diagnosing malaria in pregnant women can be challenging due to symptoms that
overlap with common pregnancy-related conditions and lower parasitemia levels in placental malaria. Treatment
risks include balancing effective infection clearing with potential risks to the fetus. Malaria during pregnancy
poses significant risks to maternal health, with complications such as anemia, preterm birth, and severe maternal
illness [87]. Addressing these challenges requires a comprehensive approach that includes early detection,
appropriate treatment, and preventive measures to protect the health of both the mother and the infant.

Impact on Neonatal Health
Malaria has a profound impact on neonatal health, with potential immediate and long-term consequences for
infants born to mothers who have experienced malaria during pregnancy. The developing fetus and newborn are
particularly vulnerable to the effects of malaria, which can result in a range of complications that may affect their
survival, growth, and development [97. Neonatal complications associated with maternal malaria include low birth
weight (LBW), which is defined as a birth weight of less than 2,500 grams, and neonatal malaria, which occurs
when a newborn is infected with malaria parasites either in utero, during delivery, or shortly after birth. Neonatal
malaria can present with symptoms such as fever, irritability, feeding difficulties, and anemia, and can be life-
threatening if not promptly diagnosed and treated. Higher mortality rates are associated with malaria-related
neonatal complications, particularly in regions where the disease is endemic. The combination of LBW,
prematurity, and neonatal malaria increases the risk of early neonatal death. The high mortality rates highlight
the need for effective prevention and management strategies to protect the health of both mothers and infants.
Beyond the immediate neonatal period, there is growing evidence that exposure to malaria in utero can have long-
lasting effects on an infant's health and development, manifesting as cognitive and developmental delays, increased
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susceptibility to infections, and chronic health conditions [107]. Addressing the long-term impacts requires a
holistic approach that includes early intervention, ongoing monitoring, and support for children exposed to
malaria in utero to ensure they achieve their full developmental potential.
Diagnostic and Therapeutic Strategies
The management of malaria during pregnancy is crucial due to the unique physiological changes and potential
risks of antimalarial medications [117. Various diagnostic methods and therapeutic strategies are employed, each
with its strengths and limitations. Microscopy remains the gold standard for malaria diagnosis, but its
effectiveness is diminished in detecting low-density infections, which are common in pregnant women. Rapid
Diagnostic Tests (RDTs) offer a convenient and quick method for diagnosing malaria, but their sensitivity can
vary, leading to missed diagnoses. Polymerase Chain Reaction (PCR) is a highly sensitive diagnostic method that
detects malaria parasite DNA in blood samples, but its widespread application in routine prenatal care is limited by
practical constraints. The choice of diagnostic method often depends on resources available, the need for rapid
results, and the level of parasitemia expected in the patient population. A combination of these diagnostic tools
may be employed to improve accuracy and ensure timely treatment [127]. Treatment involves careful
consideration of both the efficacy and safety of antimalarial medications, aiming to eradicate the malaria infection
while minimizing risks to the fetus. Primary options for treatment include chloroquine, quinine, and Artemisinin-
Based Combination Therapies (ACTs). Complication management is essential for preventing adverse outcomes,
including blood transfusions for severe anemia and supportive care for other complications. The complexity of
treatment underscores the need for ongoing research to develop safer and more effective interventions,
particularly in resource-limited settings where the burden of malaria is highest.
Prevention Strategies
Preventing malaria in pregnant women and infants is crucial for reducing the disease's impact on maternal and
neonatal health [137. Comprehensive prevention strategies are essential, including Intermittent Preventive
Treatment (IPT), Insecticide-Treated Nets (ITNs), Environmental Management, and Community Education.
Intermittent Preventive Treatment (IPT) involves administering a full therapeutic dose of an antimalarial drug at
predetermined intervals during pregnancy, regardless of whether the woman is infected with malaria. IPT has
been shown to significantly reduce the risk of maternal anemia, placental malaria, low birth weight, and preterm
delivery, as well as lowering neonatal mortality rates. However, the implementation of IPT faces challenges such
as resistance to SP, limited access to antenatal care, low awareness among pregnant women, and logistical
difficulties in delivering medication. Insecticide-Treated Nets (I'TNs) are an effective tool for preventing malaria,
particularly for pregnant women and young children [147. They provide a physical barrier that protects
individuals from mosquito bites and kills or repels mosquitoes due to the insecticide coating. Consistent use of
ITNs can reduce malaria transmission by up to 50% and decrease child mortality rates by about 20%. However,
the effectiveness of I'TNs depends on consistent and correct usage, which can be hindered by factors such as
discomfort, cultural practices, and concerns about insecticide safety. Environmental management plays a
significant role in reducing the breeding and survival of malaria vectors, thereby decreasing the risk of
transmission. Vector control strategies aim to reduce the population of Anopheles mosquitoes, but require
sustained efforts and community cooperation. Community education programs are essential for promoting
preventive measures and addressing challenges associated with each strategy.
Current Research and Gaps
The fight against maternal-infant malaria transmission has seen significant progress, but there are still critical
areas that need further research to enhance our understanding and improve intervention strategies. Recent
advancements in diagnostic techniques, treatment protocols, and new preventive measures have led to improved
detection methods, especially in low-density infections common during pregnancy [15, 16, 17, 187. Improved
Rapid Diagnostic Tests (RDTs) have made them more reliable and easier to use in resource-limited settings. New
antimalarial drugs are being developed, particularly for drug-resistant strains of Plasmodium falciparum. These
drugs aim to offer better efficacy with fewer side effects for both the mother and the fetus. Vaccine development is
also a promising area of research, with the RTS,S/AS01 (Mosquirix) vaccine showing some efficacy in children
and potential use in pregnant women. However, several research gaps remain, including long-term impact studies,
improved diagnostic tools, vaccine efficacy and safety for pregnant women, understanding drug resistance, social
and behavioral research, and integration of maternal-infant health programs [19, 20, 217. Longitudinal studies
could provide insights into how early exposure to malaria affects children as they grow, inform medical
management and public health policies, and help develop more effective strategies to protect pregnant women and
infants from malaria. Addressing these research gaps will be essential for developing more effective and
sustainable strategies to protect pregnant women and infants from malaria, ultimately reducing the burden of this
devastating disease.
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CONCLUSION
Maternal-infant transmission of malaria continues to be a significant public health challenge, particularly in
regions where malaria is endemic. The intricate mechanisms by which Plasmodium falciparum interacts with the
maternal and fetal systems underscore the complexity of managing this disease during pregnancy. The impact on
maternal and neonatal health is profound, with severe consequences such as anemia, preterm birth, low birth
weight, and neonatal mortality. Despite advancements in diagnostic tools, therapeutic approaches, and preventive
strategies, the burden of maternal-infant malaria transmission remains high.
Current research has made strides in improving diagnostic techniques, developing new antimalarial drugs, and
exploring vaccine options. However, critical gaps persist, particularly in understanding the long-term impacts of
maternal-infant malaria, enhancing diagnostic tools for use during pregnancy, and developing vaccines that are
safe and effective for pregnant women. Addressing these gaps is essential for improving the outcomes for both
mothers and their infants.
To combat the ongoing threat of maternal-infant malaria transmission, it is imperative to continue investing in
research, particularly in areas that have been underexplored. Longitudinal studies, more sensitive diagnostic tools,
and integrated health programs are crucial for advancing our understanding and enhancing our ability to prevent
and treat malaria in pregnant women and their infants. Through sustained efforts in research, policy, and
community engagement, we can reduce the burden of malaria and improve maternal and neonatal health outcomes
in high-burden region
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