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Abstract (200 words max.): 

Malaria in pregnancy continues to exert a toll on pregnant women and their offspring. The 

burden of Plasmodium falciparum infection is especially large in Africa, and new data show 

lasting effects of maternal infection on the infant’s neurocognitive development. Elsewhere, 

P. vivax infection causes relapsing infections that are challenging to prevent. Infection in first 

trimester of pregnancy is an area of increasing focus, and its adverse effects on pregnancy 

outcome are increasingly recognised. Improving insecticide-treated bed net use and early 

antenatal attendance could bring many benefits because first-trimester infection is common 

and frequently acquired prior to conception. Although newer rapid diagnostic tests still have 

limited sensitivity, they may be useful in detection of early pregnancy malaria for treatment.  

Artemisinin-based combination therapies are efficacious in later pregnancy but have yet to be 

recommended in first trimester because of limited safety data. In Africa, intermittent 

preventive treatment in pregnancy (IPTp) with monthly sulfadoxine-pyrimethamine (SP) 

improves pregnancy outcomes, but SP resistance is worsening. The alternative, IPTp with 

dihydroartemisinin-piperaquine, has greater antimalarial efficacy, but does not appear to 

improve pregnancy outcomes, because SP has poorly understood non-malarial benefits on 

birthweight.   

We review current challenges and opportunities in prevention and treatment of malaria in 

pregnancy.  

 

Text of review (2465words maximum) 

 

 

 



Introduction: 

Of 228 million cases of malaria that occurred globally in 2021, 95% were in sub-Saharan 

Africa. Here, Plasmodium falciparum malaria kills over 600,000 people annually [1]. Pregnant 

women are at particular risk because P. falciparum-infected erythrocytes accumulate in the 

placenta. These cells express the parasite protein VAR2CSA on their surface, which binds to 

chondroitin sulfate A (CSA) on placental cells. The consequences of placental malaria can 

include severe maternal anemia, miscarriage, stillbirth and perinatal mortality [2, 3], premature 

delivery, small for gestational age (SGA) and low birth weight (LBW; birth weight <2,500 g) 

[4], and altered risk of malaria in infancy [5]. Each year, 900,000 babies are born with LBW 

attributable to malaria in pregnancy, and 100,000 infants die.  In high-transmission settings, 

the burden and consequences of malaria are generally worst in first pregnancy, when women 

lack immunity to VAR2CSA-expressing infected erythrocytes. In this article, we review recent 

findings regarding the epidemiology, pathogenesis, treatment and prevention of malaria in 

pregnancy, with a focus on P. falciparum and areas of moderate to high transmission (Figure 

1).  

 

Epidemiology  

Several countries, notably in Asia and the Americas, have eliminated malaria this century, 

while others are decreasing their infection burdens [1]. As malaria transmission declines, LBW 

is estimated to fall by 1.48% (a 17% relative reduction), most notably in first time mothers [6].  

 

Pregnant women may be a useful sentinel group for malaria surveillance to progress 

elimination efforts. In a low transmission setting, presence of antibody to VAR2CSA and other 



malaria antigens was shown to distinguish between women who did and did not experience P. 

falciparum parasitaemia during pregnancy [7].  

 

Diagnosis  

Peripheral blood microscopy can miss placental malaria and low-density infections, and 

conventional rapid diagnostic tests (RDTs) are similarly insensitive [8]. The new ultrasensitive 

NxTek™ Eliminate Malaria Pf RDT (Abbott, Chicago, US), based on immunodetection of 

histidine-rich protein 2 (HRP2), was evaluated in 18 studies, including four in pregnant women. 

Overall, the new test was marginally more sensitive (56.1%, 95% confidence interval CI 46.9, 

65.4%) than conventional HRP2-based RDTs (44.3%, 95% CI 32.6, 56.0%), using quantitative 

polymerase chain reaction (qPCR) as the reference [9]. In pregnancy, its performance was 

similar to that of conventional RDTs. Further advances in sensitivity will be needed for RDT-

based screen-and-treat approaches to successfully identify most infected women. 

Ultrasensitive RDTs may have a role in screening in the first trimester of pregnancy where 

gains in sensitivity were most pronounced [10]. 

 

First trimester  

There is a high malaria infection burden in the first trimester of pregnancy. In studies in Benin 

and DRC, over half of all infections detected occurred in the first trimester [11, 12]. Many first 

trimester infections originated before conception [13], and subpatent or asymptomatic 

infections often increase in density in pregnant women. Addressing first trimester infections 

remains a challenge, because in much of Africa early antenatal attendance is rare [14], and 

preconception interventions for malaria are absent. Recent studies show that insecticide-treated 

bed nets (ITNs) and detection and treatment of infection early in pregnancy may translate into 

substantial gains for the prevention adverse pregnancy outcomes [11, 15, 16].  



 

Placental malaria 

In a secondary analysis of trial data, primigravid women with asymptomatic infections in early 

pregnancy had an increased risk of placental malaria (adjusted odds ratio aOR 12.19, 95% CI 

5.23, 28.43), whereas for multigravid women infection later in pregnancy was associated with 

placental malaria [17]. Placental malaria infection and associated inflammatory responses can 

affect placental angiogenesis by disrupting the angiopoietin-Tie2 axis and interfering with fetal 

growth and contributing to LBW and stillbirths [18, 19].  

 

Antibody immunity 

Pregnant women acquire antibodies against VAR2CSA, which can block binding of infected 

erythrocytes to CSA or opsonise them for clearance by phagocytic cells. Whether these 

antibodies mediate protection from placental malaria has been harder to demonstrate [20]. 

Using a “systems serology” approach for in-depth profiling of targets and features of antibody 

to VAR2CSA, seven antibody features predicted protection against placental malaria, and these 

features were mainly functional antibodies that block CSA binding or opsonise infected 

erythrocytes [21]. Complement-fixing, IgG1 and/or IgG3 antibodies may also be associated 

with protection from placental malaria or improved birth weight [22, 23], and antibody 

glycosylation [24] appears important.  

 

Vaccines for malaria in pregnancy 

Two early-phase trials of pregnancy malaria vaccines yielded disappointing results. The 

vaccines incorporated sequences from the VAR2CSA protein implicated in placental binding 



[25, 26]. They elicited antibody against the homologous VAR2CSA variant that blocked CSA 

binding but showed little or no recognition of other variants. Studies have shown how the 

VAR2CSA protein is folded to create one, or possibly two, conserved binding regions for CSA 

[27-29]. These binding regions are highly conserved, while adjacent polymorphic and flexible 

regions may be the main targets for antibodies. Despite this, recent work using different 

VAR2CSA variants to affinity purify antibody from immune sera does show the existence of 

cross-reactive antibodies recognising multiple variants [30]. Future vaccine design may need 

to take the conformation of VAR2CSA into account and/or incorporate a more substantial 

proportion of this large, complex protein.  

A second protein, termed PfCSA-L (L for ligand) was shown to bind to both VAR2CSA and 

CSA [31]. Given it is surface-exposed and invariant, it could be an alternative target for 

therapeutics to block placental malaria.  

A degree of protection from malaria in pregnancy may also be achieved by non-VAR2CSA 

vaccines such as RTS,S which was approved in 2021 by the World Health Organization 

(WHO) for young children. In young children, combining RTS,S with regular antimalarial 

treatment was more effective than either strategy alone [32], and this might be a future strategy 

for malaria in pregnancy.  

 

Placental malaria and fetal neurodevelopment  

Placental malaria may affect the developing fetus’s brain [33-36]. In Malawian children, 

malaria infection or associated inflammation during pregnancy were associated with 

neurodevelopmental delay, including delayed language development [35]. In Benin, maternal 

malaria was associated with impaired gross motor skills at one year; and impaired cognitive 

processing capabilities at six years [33]. In Brazil, educational attainment appeared particularly 



affected by exposure in first trimester of pregnancy [36]. Together, these studies illustrate the 

significant impact of malaria in pregnancy on the child’s future brain development. Whether 

malaria in pregnancy increases future risk of cardiometabolic disease [37] can only be 

addressed in extended cohort studies.  

 

Risk of malaria in infancy  

The effect of maternal infection on the risk of malaria in infancy is difficult to study, because 

mother and baby share similar exposure risks. Meta-analysis demonstrated associations of 

maternal infection with parasitaemia (adjusted Hazard Ratio HR 1.46, 95% CI 1.07, 2.00) 

and clinical malaria in children (adjusted HR 1.31, 95% CI 0.96, 1.79) [38]. Infant sex appears 

to modify this risk. In Uganda, malaria incidence in infancy was higher in male, but not female, 

infants of women with severe placental malaria (adjusted incidence rate ratio IRR 2.17, 95% 

CI 1.45, 3.25) [5].  

Malaria in pregnancy may alter fetal immune responses, leading to tolerance of infection. 

Malaria in early pregnancy was shown to increase maternal microchimerism, the trafficking of 

maternal cells to the fetus. This can increase the production of fetal regulatory T cells, which 

induce tolerance against alloantigens [39]. In Brazil, maternal P. vivax infection at delivery 

was associated with an increased incidence of P. vivax infection in young children (IRR 2.58, 

95% CI 1.41, 4.73) [40]. 

 

Vivax in pregnancy 

Although P. vivax-infected erythrocytes do not sequester in the placenta, vivax malaria has 

been associated with maternal anemia and low birth weight. In Brazil, P. vivax in the first 

trimester of pregnancy was associated with premature birth (aOR 8.12, 95% CI 2.69, 24.54) 

and reduced head circumference (aOR 3.58, 95% CI 1.29, 9.97) [41]. P. vivax was also 



associated with placental monocyte infiltrates and dysregulation of angiopoietin-2 and 

complement C5a production, processes previously reported in P. falciparum malaria.  

 

Interactions between malaria and other risk factors.  

Women at risk of malaria infection often have other risk factors for poor pregnancy outcome, 

such as genitourinary tract infections or nutrient deficiencies. Iron deficiency is highly 

prevalent in many malaria-endemic settings, but supplementation might increase the risk of 

adverse pregnancy outcomes [42]. In Papua New Guinea, iron deficient women were reported 

to have higher birthweight babies. In a second, larger study, women receiving a single course 

of sulfadoxine-pyrimethamine (SP) and chloroquine who were iron deficient had less SGA and 

higher birthweights than iron replete women [43]. However, among women receiving multiple 

courses of SP and azithromycin, these associations were not seen. Additionally, placental 

malaria infection could affect placental development, and may predispose to development of 

pre-eclampsia. On the Thai Myanmar border, peripheral falciparum but not vivax parasitaemia 

increased the odds of pre-eclampsia or eclampsia (aOR 2.61, 95% CI 1.01, 6.79) in primigravid 

women, and the odds of gestational hypertension in multigravid women (aOR 2.59, 95% CI 

1.59, 4.23) [44]. 

  

Malaria treatment and prevention 

The WHO recommends a three-pronged strategy for the treatment and prevention of malaria 

in pregnancy in sub-Saharan Africa, including prompt case management with effective drugs, 

use of ITNs throughout pregnancy and three or more doses of monthly intermittent preventive 

treatment in pregnancy (IPTp) with SP, an antifolate drug combination that can only be started 

in the second trimester [1]. As highlighted above, malaria in first trimester contributes 



significantly to the burden of malaria in pregnancy. The detection and safe treatment of such 

infections remain significant problems.  

Malaria treatment 

Artemisinin-based combination treatments (ACTs) are endorsed by WHO for the treatment of 

uncomplicated malaria in second and third trimesters. In an individual patient data meta-

analysis, artemether-lumefantrine had the lowest efficacy in pregnancy, suggesting dose 

adjustment may be required [45]. In a trial of ACTs in an area of Thailand with vivax co-

endemicity and increasing ACT resistance, dihydroartemisinin-piperaquine (DHA-PQ) was 

more efficacious than artesunate-mefloquine or artemether lumefantrine and better tolerated 

than the former. Falciparum recrudescence was associated with Kelch13 drug resistance 

mutations, and most women with P. vivax experienced relapses during pregnancy [46]. 

 

Treatment of malaria in first trimester remains contentious. Exposure of rats, rabbits and 

monkeys to ACTs in early pregnancy has resulted in cardiovascular malformations and fetal 

loss [47]. Collecting data on early pregnancy exposures is challenging, especially during 

periods of critical organogenesis in early pregnancy, before many women know they are 

pregnant [47]. A systematic review found low rates of miscarriage, stillbirth and congenital 

anomalies associated with ACT use later in pregnancy [48]. Treatment failure for ACTs is less 

common than for quinine with or without clindamycin, the current WHO policy for first 

trimester, and WHO is currently reviewing its recommendations.  

 

Malaria prevention: intermittent preventive treatment  

Malaria prevention relies on ITNs and, in sub-Saharan Africa, IPTp with SP. SP has been 

shown to markedly reduce LBW, but uptake of IPTp remains suboptimal [49] and was affected 



by the Covid-19 pandemic [50]. Resistance to SP is mediated by mutations in the dihydrofolate 

reductase (dhfr) and dihydropteroate synthase (dhps) genes. Five dhfr or dhps mutations are 

very common in Eastern, Southern and Central Africa, where they decrease SP’s antimalarial 

efficacy, and lower grade resistance is reported in West Africa [51]. A sixth mutant, dhps 

A581G, conveys high-grade resistance to SP and appears to be increasing in prevalence. In 

Tanzania and Malawi, infection with parasites with the A581G mutation was associated with 

substantial decreases in birthweight compared to women with no malaria, or to women infected 

with parasites that lacked the mutation [52, 53].  

 

SP resistance has led to the search for alternative drugs or combinations. While mefloquine 

proved a better antimalarial, it was poorly tolerated. Recent interest has focused on DHA-PQ. 

DHA is highly potent and PQ has a long half-life, so the combination can both clear existing 

infections and prevent new ones between antenatal visits. Although PQ has been associated 

with prolongation of the corrected QT interval (QTc), recent studies of monthly dosing with 

fixed dose DHA-PQ (120/960mg daily for three days) showed no increased risk of QTc 

prolongation following repeated courses [54]), and good protection from malaria infection 

[55].  

 

A mediation analysis compared pregnancy outcomes in three trials in which women received 

IPTp with SP or DHA-PQ [56]. Women receiving DHA-PQ had substantially lower risk of 

placental malaria (risk ratio RR 0.64, 95% CI 0.39, 1.04). However, mean birthweights were 

higher in SP recipients (mean difference 69 g, 95% CI 26, 112). SP had a more substantial non-

malarial effect on birthweight than DHA-PQ (mean difference 87 g, 95% CI 43, 131), and this 

outweighed the malaria-mediated effect of DHA-PQ on birthweight (8 g, -9, 26). A new study 

suggests that SP’s effect on birthweight might be mediated through improved maternal 



gestational weight gain [57]. This appeared to occur by preventing infection with certain 

pathogenic Escherichia coli types, most notably enteroaggregative E. coli. [57]. SP might also 

modify the maternal microbiome or decrease maternal inflammation to improve birthweight. 

In a recent trial from Tanzania, DHA-PQ had superior efficacy for malaria prevention 

compared to SP-IPTp but had limited impacts on preventing adverse pregnancy outcomes apart 

from LBW [58]. DHA-PQ is highly cost-effective in high transmission settings with high SP 

resistance [59]. Further trials comparing IPTp with DHA-PQ with IPTp-SP are due to report.  

It is not presently clear if and where DHA-PQ should replace SP for IPTp, and more data are 

required on non-malarial risk factors affecting birthweight that may be modified by SP. On the 

other hand, trials of DHA-PQ in HIV-infected women (in whom SP is contra-indicated, and 

burden of malaria in pregnancy is increased) hold promise [60]. Future trials may combine SP 

and DHA-PQ for IPTp in HIV-negative women.  

 

Intermittent Screening and Treatment 

An alternative to IPTp is testing pregnant women for malaria at each antenatal visit and treating 

infected women with a highly effective antimalarial. This strategy relies on highly sensitive 

point-of-care tests, and RDTs still miss a substantial fraction of infections, in particular 

placental infections. In a meta-analysis of four trials of intermittent screening and treatment 

(IST) compared to IPTp [61], malaria infection by microscopy was not decreased by IST, and 

subpatent infections were more common (RR 1.31, 95% CI 1.05 to 1.62). Although adverse 

pregnancy outcomes did not differ by arm, subpatent malaria infections were associated with 

lower birth weights and premature delivery [61]. More sensitive diagnostic tests are required 

to support any future IST strategy, and this approach is not currently endorsed by WHO.  

 

Conclusion 



The burden of malaria in pregnancy remains substantial, particularly in sub-Saharan Africa, 

with devastating short- and long-term consequences for maternal and infant health. Ongoing 

challenges include the prevention, identification and management of infections in the first 

trimester of pregnancy, and the development of new preventive strategies in light of the spread 

of high-grade resistance to SP, the mainstay of IPTp. Future preventive strategies might include 

combining DHA-PQ with SP for IPTp; next-generation vaccines; and more sensitive RDTs to 

screen women in early pregnancy and clear infections before they damage the placenta and the 

developing fetus.  

 

Key points: 

(3-5 key points/sentences that summarize your article) 

 Many women carry low density infections into pregnancy, which may increase in 

density, persist, and affect the growth and development of the fetus.  

 Intermittent preventive treatment with DHA-PQ offers substantially better malaria 

prevention than IPTp with SP, but does not seem to result in better fetal outcomes.   

 New evidence shows that malaria in pregnancy can affect infant neurocognitive 

development, and subsequent educational attainment.  

 A first generation of pregnancy specific malaria vaccines did not generate strong 

antibody responses to all variants, and new formulations may be required.  
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Figure legends  

Figure 1. Timeline of pregnancy from before pregnancy to delivery, illustrating some newly 

recognised or newly emphasised impacts of malaria in pregnancy (yellow backgrounds). 

Current interventions are highlighted in blue, and interventions to be further developed or 

evaluated in red. These include preconception vaccination and use of insecticide treated nets. 

Screening and treatment may offer greatest benefit in first trimester.  Surveillance for disease 

burden and potentially as a sentinel of transmission is relevant throughout pregnancy. Such 

surveillance should include ongoing monitoring of drug safety.  
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