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Summary 

 

Malaria in pregnancy (MiP) is an important public health problem in Sub-Saharan Africa. It is known to be 

the most common and preventable cause of harmful outcomes to both mothers and developing foetuses in 

malaria-endemic areas. In stable transmission areas, MiP typically does not cause clinical symptoms and is 

usually not detected. In 2004, WHO recommended the use of intermittent preventive treatment in 

pregnancy (IPTp) with sulfadoxine-pyrimethamine (SP) which consists of the administration of treatment 

doses of an effective antimalarial drug given at specified time points, regardless of the infection status of 

woman. Currently, despite the efforts of IPTp implementation, there is a growing concern over the limited 

number of pregnant women who benefit from this strategy. Currently, in the majority of malaria-endemic 

countries, the uptake of IPTp-SP does not adequately protect women throughout their pregnancy; this is of 

special concern in rural communities. The effectiveness of IPTp is also affected by the emergence and rapid 

widespread of SP-resistant and super–resistant P. falciparum parasites. Moreover, the use of SP has been 

associated with increased microscopic and submicroscopic gametocyte carriage in pregnant women, 

suggesting a potential enhancement of malaria transmission that could negatively impact malaria control 

efforts. The objectives of this PhD thesis were (i) to evaluate the community coverage of IPTp-SP and factors 

potentially related to low IPTp-SP among women with non-institutional and institutional deliveries; (ii) to 

investigate the factors associated with malaria infection and adverse pregnancy outcomes among pregnant 

women at delivery; (iii) to explore the perceptions, views, experiences and behaviors of pregnant women 

and health workers on accessing IPTp-SP for malaria prevention in pregnancy and (iv) to assess the 

frequency of dhfr/dhps mutations in P. falciparum isolates collected from pregnant women, analyze the 

association between mutant haplotypes with parasitological and pregnancy outcomes and, investigate the 

effect of IPTp-SP on the carriage of asexual and sexual stages. This was a cross-sectional community and 

health facility based study recruiting women at delivery and in the community in the area under the Health 

Demographic Surveillance System in Chókwè District, Southern Mozambique. In the first part of this study 

(Chapter II), we determined the coverage and factors associated with low IPTp-SP uptake in 1141 women 

(these were recruited in the community (N=227) and at delivery in four health facilities (N=914)). Malaria 

infection at delivery was determined among women delivering at health facilities. P. falciparum infections 

were detected by rapid diagnostic tests (RDT) and/or light microscopy (LM), quantitative real-time PCR 

(qPCR) and placental histology. In Chapter III, we explored perceptions, experiences, and behaviors among 

key informants (pregnant women and health workers) on malaria prevention during pregnancy to identify 

factors limiting the access to and use of IPTp-SP during antenatal care (ANC) visits (N=50). 
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We found that less than a half of the women reported taking the recommended ≥ 3 doses of SP during their 

last pregnancy. This coverage remains well below the national’s target of 80% of pregnant women receiving 

≥ 3 doses of IPTp-SP. This low IPTp-SP coverage was associated with non-institutional births, late first ANC 

visit, lower awareness about IPTp and the level of education attained by pregnant women. We detected a 

prevalence of 16.8% of maternal malaria infections at delivery, 7.7%, 20.8% and 1.1% of low birth weight, 

preterm delivery and stillbirths, respectively. Maternal malaria infections were mainly asymptomatic and 

more likely to be acquired by young mothers living in rural areas. The prevalence of malaria infections did 

not differ significantly between women receiving < 3 and ≥ 3 SP doses. Low birth weight prevalence did not 

significantly differ between women receiving < 3 and those receiving ≥ 3 SP doses. However, babies born to 

women in their first pregnancy were at higher risk of being underweight at birth than those born from 

mothers with multiple pregnancies. Pregnant women were not aware of the risks of MiP or the benefits of 

its prevention. Delays in accessing antenatal care, irregular attendance of visits, and insufficient time for 

proper antenatal care counselling by health workers may explain inadequate IPTp delivery. In Chapter IV, 

we investigated the frequency of dhfr/dhps mutations in P. falciparum parasites isolates collected from 

pregnant women (N=100). Associations between mutant haplotypes, parasitological and pregnancy 

outcomes were assessed. Furthermore, we investigated the effect of IPTp-SP dosage on the carriage of 

resistant parasites and gametocytes. We report the persistence of quintuple mutated parasites in the study 

area, while we provided the first evidence of the occurrence of super-resistant P. falciparum parasites 

(carrying the sextuple mutant parasites), although not associated with adverse pregnancy outcomes. The 

study further shows an important burden of submicroscopic gametocyte carriers infected with mutant 

parasites, indicating that pregnant women could constitute a non-negligible human reservoir of malaria 

transmission. Overall, these findings indicate that, in addition of a suboptimal IPTp-SP coverage in the 

study area, the emergence of highly-resistant parasites is a threat to IPTp-SP effectiveness for malaria 

prevention during pregnancy. Therefore, although efforts to improve the coverage of IPTp are important, 

alternatives to SP for IPTp, such as dihydroartemisinin-piperaquine should continue to be tested 

(specifically in the study area) and new interventions against MiP (e.g. community delivery of IPTp or 

screening and treatment of pregnant women) should be explored in Mozambique. 
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Samenvatting 

Malaria tijdens de zwangerschap(MiP) is een belangrijk volksgezondheidsprobleem in sub-Sahara-Afrika. 

Het is bekend dat het de meest voorkomende en vermijdbare oorzaak is met schadelijke gevolgen voor 

zowel de moeders als de ontwikkeling van de foetus in malaria-endemische gebieden. In stabiele 

transmissiegebieden veroorzaakt MiP doorgaans geen klinische symptomen en wordt het meestal niet 

gedetecteerd. In 2004 adviseerde de WHO het gebruik van preventieve intermitterende behandeling (IPTp) 

met sulfadoxine-pyrimethamine (SP), dat bestaat uit de toediening van een effectief antimalariamedicijn op 

welbepaalde tijdstippen, ongeacht of de vrouw geïnfecteerd is of malaria heeft op het moment van 

behandeling. Momenteel, ondanks de inspanningen van de IPTp-implementatie op alle niveaus, is er een 

toenemende bezorgdheid over het beperkt aantal zwangere vrouwen dat baat heeft bij deze strategie. In de 

meeste malaria-endemische landen is de opname van IPTp-SP momenteel niet toereikend om vrouwen 

tijdens hun zwangerschap, vooral in plattelandsgemeenschappen, te beschermen. Een andere factor die de 

effectiviteit van IPTp bij zwangere vrouwen beïnvloedt, is de opkomst en snelle wijdverspreide SP-

resistente en superresistente P. falciparum parasieten. Bovendien wordt het gebruik van SP in verband 

gebracht met toegenomen microscopisch en submicroscopisch aanwezigheid van gametocyten bij 

zwangere vrouwen. Dit suggereert een mogelijke toename van malariatransmissie die een negatief effect 

zou kunnen hebben op de inspanningen om malaria te beheersen. De doelstellingen van dit 

doctoraatsproject waren (i) het evalueren van de gemeenschapsdekking van IPTp-SP en factoren die 

mogelijk verband houden met lage IPTp-SP bij vrouwen bij thuisbevallingen en bevallingen in een kliniek; 

(ii) om de factoren te onderzoeken die geassocieerd zijn met malaria-infectie en ongunstige 

zwangerschapsuitkomsten bij zwangere vrouwen bij de bevalling; (iii) om de percepties, visies, ervaringen 

en gedragingen van zwangere vrouwen en gezondheidswerkers over toegang tot IPTp voor malaria-

preventie tijdens de zwangerschap te onderzoeken en (iv) om de frequentie van dhfr/dhps-mutaties in P. 

falciparum-isolaten verzameld bij zwangere vrouwen te beoordelen, de associatie tussen mutante 

haplotypes met parasitologische en zwangerschapsuitkomsten en onderzoek van het effect van IPTp-SP op 

de aanwezigheid van resistente parasieten en gametocyten te analyseren. Dit was een cross-sectioneel 

onderzoek op gemeenschaps- en gezondheidsfaciliteiten waarbij vrouwen werden gerekruteerd bij de 

bevalling en in de gemeenschap in het gebied onder het Chókwè Health Demographic Surveillance System 

in het district Chókwè, in het zuiden van Mozambique. In het eerste deel van dit onderzoek (Hoofdstuk II) 

hebben we de dekking en factoren bepaald die samenhangen met een lage IPTp-SP-opname bij 1.141 

vrouwen (deze werden gerecruteerd in de gemeenschap (n = 227) en bij de bevalling in vier 

gezondheidscentra (n = 914)). Malaria-infectie bij de bevalling werd vastgesteld bij vrouwen die bij 
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gezondheidsinstellingen bevallen. P. falciparum-infecties werden gedetecteerd door een malaria sneltest 

en/of lichtmicroscopie (LM), kwantitatieve PCR (qPCR) en histologie van de placenta. In Hoofdstuk III 

hebben we percepties, ervaringen en gedrag bij belangrijke actoren (zwangere vrouwen en 

gezondheidswerkers) bij malaria-preventie tijdens de zwangerschap onderzocht om factoren te 

identificeren die de toegang tot en het gebruik van IPTp-SP tijdens prenatale onderzoeken (ANC) beperken 

(N = 50) 

We vonden dat minder dan de helft van de vrouwen aangaf dat ze de aanbevolen ≥ 3 doses SP hadden 

genomen tijdens hun laatste zwangerschap. Dit blijft ruim onder het nationale streefcijfer van 80% van de 

zwangere vrouwen die ≥ 3 doses IPTp-SP ontvangen. Deze lage IPTp-SP-dekking werd geassocieerd met 

thuisbevallingen, het late eerste ANC-bezoek, minder bewustzijn over IPTp en het opleidingsniveau van 

zwangere vrouwen. We hebben bij de bevalling een prevalentie waargenomen van 16,8% van de maternale 

malaria-infecties bij geboorte, 7,7%, 20,8% en 1,1% laag geboortegewicht, vroegtijdige geboorte en 

doodgeboorte respectievelijk. Maternale malaria malaria-infecties waren hoofdzakelijk asymptomatisch en 

kwamen meestal voor bij jonge moeders in landelijk gebied. De prevalentie van malaria-infecties was niet 

significant verschillend bij vrouwen die > 3 en ≤ 3 SP doses. De prevalentie van een laag geboortegewicht 

was niet significant verschillend bij vrouwen die > 3 en ≤ 3 SP doses. Alhoewel, baby’s geboren bij vrouwen 

na een eerste  zwangerschap hadden een hoger risico op ondergewicht bij geboorte dan baby’s geboren bij 

vrouwen na meerdere zwangerschappen. Zwangere vrouwen waren zich niet bewust van de risico's van 

MiP of de voordelen van het voorkomen hiervan. Moeilijke  toegang tot prenatale zorg, onregelmatige 

bezoeken en onvoldoende tijd voor een goede prenatale zorgbegeleiding door gezondheidswerkers kan 

inadequate IPTp-toediening verklaren. In Hoofdstuk IV onderzochten we de frequentie van dhfr/dhps-

mutaties bij P. falciparum isolaten, verzameld bij zwangere vrouwen (n=100). De associaties tussen mutante 

haplotypes en parasitologische en de resultaten van de zwangerschap werden beoordeeld. Verder hebben 

we het effect van IPTp-SP-dosering op de aanwezigheid van resistente parasieten en gametocyten 

onderzocht. We rapporteren persistentie van vijfvoudig gemuteerde parasieten in het studiegebied, terwijl 

we het eerste bewijs leverden van het optreden van superresistente P. falciparum-parasieten (drager van de 

sextuple mutantparasieten) hoewel deze niet werd geassocieerd met ongunstige zwangerschap uitkomsten. 

Verder toont deze studie een hoge graad van submicroscopische gametocytendragers geïnfecteerd met 

mutante parasieten. Dit wijst erop dat zwangere vrouwen een niet te negeren reservoir vormen  voor 

malariatransmissie.  
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In het algemeen geven deze bevindingen aan dat, naast de suboptimale IPTp-SP dekking in het 

studiegebied, de opkomst van zeer resistente parasieten een bedreiging is voor de effectiviteit van IPTp-SP 

bij malariapreventie tijdens de zwangerschap. Daarom, hoewel inspanningen om de dekkingsgraad van 

IPTp te verbeteren belangrijk blijft, er alternatieven voor SP voor IPTp, zoals dihydroartemisinine-

piperaquine, moeten blijven getest worden(vooral in het studiegebied). Alsook nieuwe interventies tegen 

MiP (vb. gemeenschapsleveringen van IPTp of screening en behandeling van zwangere vrouwen) moeten 

nog onderzocht worden in Mozambique. 
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1.1. Introduction to malaria  

Malaria is an infectious disease caused by protozoan parasites of the genus Plasmodium, transmitted to 

humans through the bite of a malaria-infected female mosquitoes of the genus Anopheles. In humans, five 

species are responsible for malaria infections namely Plasmodium falciparum (P. falciparum), Plasmodium 

vivax (P. vivax), Plasmodium ovale (P. ovale), Plasmodium malariae (P. malariae) and the recently included 

Plasmodium knowlesi (P. knowlesi), a malaria parasite of monkeys which was identified as an emergent 

public health threat [1–4]. Currently, the distribution of human-pathogenic Plasmodium species indicates 

a majority of P. falciparum in tropical Africa, while P. vivax prevails over P. falciparum in South America. 

In South-east Asia and the Western Pacific region both species are prevalent [5].  

 

Despite important advances in the understanding of the disease, malaria is still one of the major public 

health problems in tropical countries. Worldwide, 91 countries are at risk of malaria transmission, leaving 

an estimated 3.4 billion people at risk of contracting the disease (Figure 1.1). The World Health 

Organization (WHO) reported that in 2017, more than 219 million cases of malaria occurred globally while 

435 thousand people died. The burden is heaviest among children under five years of age and pregnant 

women in the Sub-Saharan Africa, where an estimated 93% of all malaria-related deaths occurred in 2017 

[6]. 

 

Malaria distribution and transmission intensity vary widely in different parts of the world [5]. This 

variability is influenced by several factors including malaria parasites that occur in a given area (different 

species, sporogonic cycle length, drug susceptibility), the distribution and efficiency of mosquito vectors 

(density, larvae breeding sites, temperature, insecticide susceptibility), the environment (physical-

biological-socio-economic) and most importantly the malaria control strategies implemented [5,7]. 
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Figure 1.1 | Countries endemic for malaria in 2000 and 2017 [6]. 

 

1.1.2. The Life Cycle of Human Malaria Parasites 

Malaria infection begins when a malaria-infected female mosquito of the genus Anopheles inoculates —

with their anticoagulating saliva — sporozoites (the infective and motile stage of Plasmodium spp) into the 

bloodstream of a human host during a blood meal. Sporozoites migrate through the skin to the liver, 

invading hepatocyte cells (pre-erythrocytic stage) (Figure 1.2). Inside the hepatocyte, a single sporozoite 

initiates a replication process called schizogony, which produces thousands of merozoites. After 5 to 16 

days (depending on the parasite species), the host cell ruptures releasing merozoites into the blood stream.  

 

During the erythrocytic stage, merozoites will invade new red blood cells (RBC) [8]. Within the RBC, the 

parasites grow into trophozoites and multiply asexually to form blood schizonts (schizogony). The 

divisions of the blood schizonts result in 8 to 32 daughter merozoites, depending on the Plasmodium 

species [9], which are released into circulation when the RBC ruptures. Merozoites will quickly invade 

new RBC, thereby initiating the next wave of blood-stage development perpetuating the asexual life cycle 

(Figure 1.2). This erythrocytic cycle is completed in 24-72 hours, depending on the Plasmodium species (24-

hours for P. knowlesi, 48-hours for P. falciparum, P. ovale and P. vivax, and 72-hours for P. malariae). During 

this asexual cycle, a fraction of merozoites (those that are sexually committed) will develop into sexual 



 

  

26 

 

stage parasites i.e. gametocytes, the only stage that infects the mosquito vector. In the human host 

gametocytes sequester predominantly in the bone marrow and spleen and mature into male and female 

gametocytes to reach a transmission-capable form [10]. The mature gametocytes are then released back 

into the blood stream and thus available when a subsequent mosquito takes a blood meal. Within the 

mosquito gut, the mature gametocytes undergo “gametogenesis”, a further differentiation into male and 

female gametes, resulting in fertilization (only sexual multiplication) and the development of a zygote, 

ookinet and the oocyst. Ultimately, this results in the release of sporozoites that travel to the salivary 

glands of the mosquito, thereby completing the transmission cycle of malaria when the mosquito bites a 

new host (Figure 1. 2) [9]. 

 

 

 

Figure 1.2 | The life cycle of Plasmodium spp. Infection, illustration of Sporogonic, Exo-erythrocytic and 

Erythrocytic cycles [9]. 
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1.1.2.1. Development of P. falciparum gametocytes  

The process of gametocyte maturation in P. falciparum takes approximately 10–12 days and is divided into 

five stages (stages I–V) that can be distinguished by an expert microscopist [10]. Molecular markers for 

these stages of development have been reported [9]. Whereas stage I gametocytes resemble young asexual 

trophozoites, in subsequent stages gametocytes begin to acquire a characteristically crescent or sickle 

shape, which is easily distinguished in a blood smear. In stage II, the parasite begins to elongate, acquiring 

a D-shape by stage III. In stage IV, gametocytes have pointed ends, while stage V gametocytes acquire the 

characteristic crescent-shape. At this stage, male and female gametocytes can be readily differentiated, as 

the females are more elongated and curved than the thicker males [11]. Female gametocytes exhibit a 

concentrated nucleus, characteristic Golgi-derived small and abundant ovoid structures (i.e. osmiophilic 

bodies) and an extensive rough endoplasmic reticulum. Male gametocytes, on the other hand, exhibit a 

larger and more diffused nucleus [10,12]. A male gametocyte leads to the development of eight male 

gametes, while one female gametocyte develops into one female gamete, which leads to a biased ratio of 

female gametocytes [13,14]. 

 

For most of their development, the majority of gametocytes are sequestered in the bone marrow, where 

they are protected from clearance by the spleen. Therefore, only early (stage I) and late-stage mature 

gametocytes (stage V) are readily detectable in the peripheral blood (Figure 1.3) [15,16,17]. Stages I to III 

are susceptible to antimalarials with schizonticidal properties [18]. In their late maturation process (stages 

IV and V), they become almost completely refractory to all known classes of antimalarials drugs except 

for primaquine [19,20]. The morphological changes of the gametocyte are preceded by several stage-

specific molecular and biochemical changes [21,22]. Commitment to sexual stage begins in the asexual 

cycle with the activation of Pfap2-g [23] followed by the expression of Pfs16 as early gametocyte marker 

[24,25]. A single committed schizont becomes either male or female [24,26].  
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Figure 1.3 | The stages of gametocyte development in Plasmodium falciparum. Development of a mature 

Plasmodium falciparum gametocyte is divided into five morphologically distinct stages. [9, 17]. 

1.1.3. Malaria vectors 

Malaria is transmitted between humans by the female Anopheles mosquito, one of the most capable vectors 

of human disease. A variety of Anopheles species act as malaria vectors across the world, depending on 

the region and the environment [27,28]. Nearly 70 species of the mosquito transmit malaria. The ability to 

transmit Plasmodium parasites depends on the mosquito living long enough for the parasite to complete 

its development, the mosquito's propensity to feed on humans; and whether the mosquito is 

physiologically suitable for the parasite [28]. 

In Africa, the chief malaria vectors are a set of mosquito species known as the Anopheles (An.) gambiae 

complex which is comprised of Anopheles gambiae, Anopheles funestus, Anopheles nili and Anopheles moucheti 

species. The An. gambiae complex contains the most efficient malaria vectors species [29,30]. An. gambiae is 

one of four dominant vector species within the An. gambiae complex, the others being An. arabiensis and 

the coastal An. merus and An. melas. Further, three of the dominant vector species in Africa are highly 

anthropophilic (attracted to people rather than to other animals): An. funestus, An. moucheti and An. Nili 

[31]. Differences in malaria vector competence among members of the complex have been recognized and 

are attributed primarily to preferences for feeding on humans versus animals, tendency to enter houses, 

and ability to recover in number after dry seasons [32]. An. gambiae and An. arabiensis are the major 
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members of the complex responsible for malaria transmission. The mainly endophilic (attracted to the 

inside of human habitations) and anthropophilic An. funestusis is considered the major human malaria 

vector in Africa [33,29]. An. gambiae s.l and An. funestus are the most common malaria vectors in 

Mozambique [34,35]. 

1.1.4. Malaria transmission, endemicity and parasite diversity  

The pattern of malaria transmission underpins several aspects of malaria epidemiology, which affects the 

prevalence, profile of infection, the incidence and mortality. Knowledge of these characteristics is useful 

to guide malaria control interventions [36]. The intensity of malaria transmission is dependent on factors 

related to the environment, vectors and species of the parasite, as well as the socioeconomic status, 

behaviour and distribution of human populations. 

Due to the epidemiological complexity in each area where malaria occurs, there are several forms of 

classification such as transmission intensity, transmission stability and epidemiological risk stratification 

[36,37]. The first method used to quantify malaria endemicity, involved determining the spleen rate (the 

proportion of a sampled population with palpable enlargement of the spleen) from surveys as follows: (1) 

Holoendemic - when more than 75% of children between 2 and 9 years old have a low palpable spleen in 

adults; (2) Hyperendemic - when 50 to 75% of children aged 2 to 9 years have an enlarged spleen and the 

splenic index in adults is also high; (3) Mesoendemic - when between 11 and 50% of children between 2 

and 9 years have splenomegaly; (4) Hypoendemic - when less than 10% of children aged 2 to 9 years have 

splenomegaly [36,38]. 

Malaria endemicity is also classified as either stable or unstable, determined by the average number of 

feeds that a mosquito takes on a human being during its life [36]. Areas with stable malaria are those with 

intense Plasmodium transmission where people are constantly exposed. This ensures the development of 

immunity in all except for young children. In these areas of stable malaria, adults are usually 

asymptomatic or oligosymptomatic and have a low parasitaemia. Areas with unstable malaria are those 

where transmission intensity is lower and incidence varies from month to month or year to year. In these 

areas, vectors infrequently bite humansso in order to ensure transmission, the rate of trasmission needs 

to be high [36,37,39]. Table 1 summarizes the characteristics of the main categories of malaria transmission. 

Because of a series of epidemiological situations in each country or region, the reality about malaria risk 

is also studied in each place. WHO has established the epidemiological stratification of malaria risk by 

classifying in high, medium, low and non-hazardous areas depending on the annual parasitic index (IPA), 
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a malariometric measure constructed using as a numerator the number of malaria cases in a given year 

[39]. 

Areas of high-malaria transmission (or high endemicity) are generally characterised by extensive malaria 

parasite genetic diversity with infected humans often carrying polyclonal infection (parasite strains with 

multiple genotypes). Conversely, P. falciparum populations in low transmission areas tends to have limited 

genetic diversity with a higher proportion of monoclonal infections (parasites with single genotype) [40]. 

Multiplicity of infection (MOI) is defined as the number of genetically distinct parasite strains co-infecting 

a single host [41] and thus, MOI is used as a proxy measure of intensity of transmission in a specific area 

[42,43,44]. Multiclonal infections can be the result of independent bites of infected mosquitoes or a single 

mosquito bite transmitting a genetically diverse sporozoite inoculum.  

Table 1. Characteristics of the categories of malaria transmission 

Type of malaria Malaria 
inoculation rates 

Protective immunity 
in the population 

Transmission 
characteristics 

Stable malaria Regular, low to very 
high 

High in older age 
groups; low in 
children under 5 
years 

Perennial1 or seasonal2; 
regular contact between 
vectors and 
human hosts 

Unstable malaria Irregular, low to 
medium 

Unreliable in older age 
groups; absent in 
children under 5 year 
old 

Perennial1 or seasonal2; 
irregular contact between 
vectors and 
human hosts 

Epidemic malaria Rising suddenly, low 
to medium 

Low or absent in all age 
groups 

Very variable, subject to 
sudden and rapid change 

1 Transmission that occurs throughout the year with no great variation in intensity 

2 Transmission that occurs only during some months of the year and is markedly reduced during other months 
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1.1.4.1. Methods for malaria genotyping 

In the context of malaria elimination, understanding genetic diversity and the structure of parasite 

populations is essential for predicting the emergence and spread of phenotypes of interest, such as new 

antigenic or drug resistance variants, and designing strategies to monitor their impact [45]. A wide variety 

of genotyping techniques based on polymorphic size markers have been used in many molecular 

epidemiological studies [46], aiming to reveal genetic diversity and the population structure of Plasmodium 

parasites worldwide [47], improve the capacity to distinguish recrudescence/relapses from new infections 

[48] and map inherited traits in the progeny of a genetic cross [49]. 

Classical genotyping methods for malaria parasites rely on the size polymorphism of genes such as 

Merozoite Surface Proteins (MSP1 to 5) [50,51,52] and the circumsporozoite protein (CSP) [53], containing 

both single nucleotide polymorphisms (SNPs) and tandem repeat copy number variations) [50]. This 

approach has been useful in determining the number of different parasite genotypes coinfecting a single 

patient and measuring parameters such as multiplicity of infection (MOI) and molecular Force of Infection 

(FOI, i.e. the number of new clones acquired over time) [54]. These measurements enable better 

understanding of the epidemiology of malaria parasites and the potential impact of interventions [54,55].  

Other approaches involve the use of multilocus genotyping methods that target non-antigenic loci, 

including microsatellites (MS) [56,57,58,59] and single nucleotide polymorphisms (SNPs). Both 

approaches document similar epidemiological processes. However, microsatellites have a higher 

mutation rate than SNPs, which allows detection of recent events [57,60]. MS are interspersed throughout 

the genome and originate at mutation events such as replication slippage and/or slip-strand mismatch 

repair, resulting in sequence length variation [61]. Variation in the repeat length causes size 

polymorphisms within the locus, which is used to differentiate organisms in population diversity studies. 

MS are highly abundant in the P. falciparum genome; an average of one microsatellite locus is found per 

2–3 kb of sequence. 

 

MS genotyping has revealed a wide range of population structures in P. falciparum isolates from four 

continents. It has been extensively used to: detect naturally-occurring multi-clone infections; analyze 

genetic diversity, population structure, and transmission dynamics of parasite populations [62,63,64]; 

trace the geographic origin infections; measure the impact of interventions; and to investigate the origin 

and spread of drug resistant parasites and their molecular markers [65]. A problem with microsatellites, 
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however, is that they evolve according to complex evolutionary models, and not all microsatellites are 

equally suitable worldwide.  

 

An SNP is a single-base pair mutation at a specific locus, usually consisting of two alleles (where the rare 

allele frequency is >1%). Genome sequencing has identified more than 112,000 SNPs from about 18 

parasite genomes of the P. falciparum parasite [66,67]. Current technology has made genotyping of SNPs 

by real-time PCR (using dual probes in an end-point detection assay) a standard practice [66]. A SNP 

barcode refers to a small standardized set of SNPs containing a combination of SNPs that together express 

the unique pattern of variation for the parasite sequence [68,69]. SNP barcoding is a highly sensitive 

technique (with a 99% success rate) for distinguishing different parasite genotypes that require a very 

small amount of DNA from infected blood samples [68]. SNP barcoding permit the tracking of multi-locus 

genotypes in time and space, provided the local transmission dynamics or history yield stable SNPs [70]. 

However, the use of a SNP barcoding tool is challenged by a high proportion of multi-clone infections 

and problems related to ascertainment bias [45,71]. 

 

Whole genome sequencing (WGS) has significantly advanced the understanding of the patterns and 

mechanisms of genetic variation of Plasmodium parasites, enabling the identification of drug resistance 

markers and the differentiation of recrudescence/relapses from new infections in clinical trials [72,73]. 

However, Plasmodium genome-scale studies are challenged by: need for sufficiently high-quality starting 

biological material (which is difficult in clinical samples collected on filter paper) and the resources 

required to store and manipulate the subsequent large genomic data files. In particular, low parasitemia 

and human DNA “contamination” in clinical samples complicates WGS of Plasmodium field isolates. 

Several protocols have been developed to overcome those challenges. The most current protocols include 

CF11 column filtration to remove human leukocytes (the source of contaminating human DNA), 48-hour 

ex vivo schizont maturation assays to increase the amount of Plasmodium DNA [73,74], and amplification 

and enrichment protocols [75,76]. WGS of Plasmodium spp. is also complicated by the extremely AT-rich 

regions of the P. falciparum genome (80.6% AT) [73], and difficulties in analysing polyclonal and mixed 

genotype (gene locus containning two different alleles) infections, which can result in an overestimation 

of the level of genetic diversity in a parasite genome, and potentially confound subsequent population 

genetic analysis [77].  
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1.1.5. Pathogenesis of P. falciparum infections 

Clinical manifestations of P. falciparum infection are induced by the asexual stages of the parasite that 

develops inside RBCs. The symptoms begin to manifest during the erythrocytic phase of the infection. 

However, symptoms may vary depending on the asexual cycle length of the infecting Plasmodium species 

and the occurrence of mixed species and/or different parasites clones [78].  

 

The principal pathogenic mechanism is the hemolysis of infected RBC (iRBC), in which newly developed 

merozoites are released, along with waste substances such as RBC membrane products, hemozoin 

pigment, and other toxic factors [e.g. Glycosyl-phosphatidylinositol (GPI)], into the bloodstream. These 

products, particularly the GPI, trigger Toll-like receptor 9 (TLR9), which is involved in the host immune 

response against pathogens, thereby activating monocytes and macrophages and inducing the release of 

pro-inflammatory cytokines, causing “Malarious paroxysms” and other pathological effects [79–82]. 

 

Based on clinical presentation, malaria infections are categorized as mild or uncomplicated and severe or 

complicated malaria [83]. In endemic areas, malaria is often the most common cause of fever. In addition 

to fever, symptoms of malaria are non-specific, and include, headache, fatigue, muscle aches, and 

abdominal discomfort. Most patients with uncomplicated infections have few abnormal physical findings 

other than fever, mild anaemia, and, after several days, a palpable spleen. The liver can become enlarged, 

especially in young children, whereas mild jaundice is more likely in adults. In children living in stable 

transmission or endemic areas, defined as annual parasite incidence (API) ≥ 0.1 per 1,000 per year [84], 

recurrent infections are responsible for chronic anaemia and splenomegaly [83]. 

 

Severe malaria is defined by the presence of potentially fatal manifestations or complications in the 

presence of malaria parasites in patients in whom other diagnoses have been excluded [83]. Severe malaria 

manifestations are the result of progressive and dramatic structural, biochemical, and mechanical 

modifications of iRBCs that can develope into life-threatening complications. This includes cerebral 

malaria, hypoglycemia, metabolic acidosis, renal failure and respiratory distress [85]. The majority of cases 

of severe malaria and deaths are caused by P. falciparum, although cases of severe malaria caused by non-

falciparum malaria infections have been reported [86,87]. P. falciparum can cause hyperparasitemia due to 

its ability to infect red blood cells of any age, a condition that closely correlates with the severity of the 

infection [88]. On the other hand, P. vivax can only invade young erythrocytes [89] and thus, P. vivax 

parasitaemias are usually less than 2% (even in severe cases).  
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Additionally, P. falciparum is the only species that causes microcirculatory changes, which are known to 

worsen patient outcomes [90]. P. falciparum iRBCs can adhere to the inner vascular endothelium 

(sequestration) and to non-infected RBC (rosette formation), through the phenomenon known as 

cytoadherence [5,91–93]. This allows the parasite to mature in the iRBCs, accumulate in post-capillary 

venules, where they avoid splenic clearance, but at the expense of the host [5,6]. Sequestered iRBCs disrupt 

microcirculatory flow in vital organs [94] and cause localized endothelial dysfunction by damaging 

endothelial barrier integrity and inducing pro-inflammatory, pro-adhesive and coagulation pathways 

[91,95,96]. This adhesive phenotype is also associated with organ-specific disease complications in brain 

(cerebral malaria) and placenta (placental malaria) microvasculature [94,95]. In addition, iRBC adhere to 

non-infected RBC in the vasculature and form conglomerates that block microcirculatory flow in a process 

known as rosetting [98,99]. Both infected and non-infected RBCs also become rigid in cases of severe 

malaria, which additionally affects blood flow and contributes to disease severity [100,101].  

 

The complications of severe malaria are mostly related to age and thus, host-specific immunity to malaria 

[102,103]. In areas of intense malaria transmission, children under 5 years of age are more susceptible to 

severe malaria as compared to older children and adults. This is due to the immunity against malaria, 

which is gradually acquired after repetitive exposure to the parasite [104–106]. Naturally acquired 

immunity is rarely protective against new infections, but is characterized by low parasitemia, less clinical 

complications and enhanced parasite-specific immune responses [107,108]. Therefore, in areas of intense 

transmission, children become resistant to the most severe forms of malaria approximately by the age of 

five. However, they remain susceptible to uncomplicated episodes of febrile malaria until late childhood 

when they rarely suffer from clinical malaria (asymptomatic infections) [106,107,109].  

 

Asymptomatic infections are defined by the presence of parasites without clinical episodes and are one of 

the main challenges to malaria elimination campaigns. Those infections are characterized by low parasite 

densities, difficult to detect with currently used field-diagnostic tools [110]. Therefore, asymptomatic 

carriers, which are known to occur in higher proportion among populations living in low endemic areas 

(API <0.1 per 1,000 per year) are generally not detected and treated, as they do not seek treatment. Thus, 

asymptomatic infections can persist during weeks and months [111], and those infections carrying 

gametocyte stages will define the human infectious reservoir that can significantly contribute to maintain 

malaria transmission [112,113]. Asymptomatic infection may evolve to clinical manifestations depending 

on the general state of health and physiological condition of the host (particularly effective immune 
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response against blood-stage parasites) [114,115], host genetic polymorphisms (that can cause host 

susceptibility to severe disease) and parasite factors involved in the virulence of the infection [1,116]. 
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1.2. Malaria in pregnancy (MiP)  

In malaria-endemic areas women who are repeatedly bitten by mosquitoes infected with Plasmodium 

develop a certain immunity against malaria similar to that in men. However, the risk of malaria infection 

and adverse clinical outcomes seriously increases when woman become pregnant [115,118]. This 

particular vulnerability of pregnant women to malaria is due to physiological, hormonal and 

immunological changes that occur during pregnancy, with a general shift from cell-mediated immunity 

towards humoral immunity, which makes women more susceptible to malaria as well as to other 

infections [119–121]. Also, the behavioural and physiological changes associated with pregnancy and the 

higher attractiveness to mosquitoes are believed to have a significant contribution [122]. This may be 

explained by the increased abdominal temperature and exhaled breathing which make pregnant women 

more easily detected by mosquitoes compared to non-pregnant adults. Physiological changes during 

pregnancy includes that pregnant women urinate more frequently than non-pregnant women. This 

exposes pregnant women more to mosquito bites at night when they leave their bed nets to the toilet 

[122,123], and it is even of a greater concern in most of the rural areas whereby toilets are usually located 

away from the main house building. 

 

Other maternal factors associated with risk of infection during pregnancy include maternal age, parity 

and gestational age. Younger women (particularly adolescents) and primigravidae are at higher risk of 

malaria infection than older women and multigravidae, both things are more evident in high malaria 

transmission areas [123,124]. Human immunodeficiency virus (HIV) infection, with the biggest burden in 

terms of morbidity and mortality in Sub-Saharan Africa [125], is also associated with increased risk of 

malaria in pregnancy. Regardless of the parity or gestational age, HIV- infected pregnant women have a 

higher risk of malaria infection than non-pregnant women [126–129]. There is evidence of a synergistic 

action of malaria and HIV in pregnancy. HIV suppresses pregnant woman’s ability to control P. falciparum 

infection and exacerbates malaria-associated anaemia so that co-infected women are at greater risk of 

severe anaemia and death [130,131]. Moreover, the consequences of co-infection on birth outcomes such 

as low birth weight, preterm delivery, and perinatal mortality are far worse than the effect of each 

infection separately [130–132]. 
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1.2.1. Adverse effects and pathophysiological process in MiP 

MiP has adverse and often severe consequences for maternal, newborn, infant and child health [133–135] 

(Figure 1.4). The clinical manifestation depends on the transmission pattern and the species of the malaria 

parasite. In areas of high, stable, P. falciparum malaria transmission, adults have been exposed to malaria 

from childhood and have acquired considerable levels of immunity, whereas women living in low 

transmission areas are less exposed and consequently have little or no acquired immunity [115,136]. The 

acquired immunity is sufficient to control malaria infection, but not to clear it, regardless the 

immunological variations which are observed in pregnancy [115,136]. This acquired immunity has an 

impact on malaria presentation (signs and symptoms) as well as pregnancy outcome. This explains why 

pregnant women in stable transmission areas are often asymptomatic compared to those in unstable 

transmission areas [137]. 

 

In areas of low, unstable, and seasonal malaria transmission, women infected with P. falciparum are more 

likely to present with clinical malaria that can be associated with severe disease, symptoms may include 

hypoglycaemia, severe haemolytic anaemia, cerebral malaria and pulmonary oedema [135,138]. In areas 

with stable malaria transmission, pregnant women are usually asymptomatic although they often carry 

parasites in the placenta. The most commonly associated adverse effects are maternal anemia, low birth 

weight (LBW); defined as a birth weight of <2500g and neonatal mortality [135,139]. Indeed, the presence 

of malaria parasites in peripheral blood contributes to maternal anemia (the most common clinical feature 

of MiP). The proportion of severely anemic pregnant women of all gravidities that is attributable to 

malaria (population attributable fraction) is of 26% in Sub-saharan Africa [135,1140,141] and is strongly 

associated with maternal mortality [141] and, is also a risk factor for intrauterine growth retardation 

(IUGR) and fetal anemia [142,143]. Malaria-related IUGR and preterm delivery are the main causes of 

MiP-associated LBW [140,144], which are compelling indicators of infant morbidity [133,134]. LBW has 

been linked to infant mortality and poor cognitive development, and the occurrence of non-communicable 

diseases later in life [140,145]. MiP is further associated with increased risk of abortion, stillbirths [138], 

infant anemia at birth [135,146], congenital malaria and long-term consequences to the child [147]. 

 

 

 

 

 



 

  

38 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.4 | Maternal and child outcomes associated with MiP [135]. Abbreviations: LBW: low birth 

weight; IUGR: intrauterine growth retardation. 

 

The adverse effects of MiP are attributed to the unique characteristic of P. falciparum-infected erythrocytes 

to sequester in the intervillous spaces. The accumulation of iRBCs in placental intervillous spaces 

characterizes MiP termed as placental malaria (PM) [148]. The process of sequestration involves the 

cytoadherence of specific variant surface antigens (VSA) on P. falciparum-iRBCs to various host tissues 

including endothelial cells [95,149]. This unique VSA rarely binds to CD36 and intercellular adhesion 

molecule [ICAM-1] receptors in non-pregnant individuals [150,151] (Figure 1.5). The VSA is P. falciparum 

erythrocyte membrane protein 1 (PfEMP1), a family of antigenically diverse proteins encoded by 

approximately 50-60 different var genes. The var2csa gene encodes for the VAR2csa protein which is 

typically expressed in iRBC from pregnant women and presents unique antigenic properties [150,152]. 

This are fundamentally different from the corresponding antigens expressed on the iRBC surface in non-

placental P. falciparum infections [149,153]. 

 

The PfEMP1 protein encoded by the var2csa gene (VAR2csa protein), expressed in placental tissue, binds 

to the chondroitin sulfate A (CSA), a major receptor on the surface of placental syncytiotrophoblasts. This 

binding has been associated with PM pathogenesis (Figure 1.5) [154]. The role of VAR2csa in PM has been 

demonstrated in several studies showing a correlation between P. falciparum var2csa expression and PM-
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related adverse effects such as preterm birth and LBW [152,155,156]. Acquisition of specific IgG antibodies 

against placental P. falciparum– iRBCs and VAR2csa– occurs after few infections during pregnancy and 

increases in levels with increasing parity [157–159]. Therefore protective immunity in pregnancy also 

develops after repeated exposures, which explains why primigravidae are more at risk of malaria than 

multigravidae women [160–163]. It has also been shown that high plasma levels of anti-VAR2csa IgG were 

associated with reduced PM adverse outcomes [164,165]. Overall, these observations indicate that 

VAR2csa is a promising vaccine candidate to prevent PM [155,162]. 

 

The pathophysiological processes that cause adverse fetal effects in MiP are mainly due to the 

accumulation of iRBCs in the placental intervillous spaces. The sequestration of iRBCs result in an 

increased number of maternal phagocytic cells, i.e. monocytes and macrophages, and deposition of 

malaria pigment (a metabolic waste product of haemoglobin degradation) inside the phagocytic 

leucocytes, resulting in modification of the placental microvessels [166,167]. These histological 

modifications form a mechanical barrier that reduces intra-placental blood flow and may lead to fetal 

hypoxia [120,168]. The process has been suggested as a cause of IUGR, preterm delivery as an important 

cause of LBW [120], and disturbance of the transport of nutrients into the placenta by inflammatory lesions 

secondary to chronic malaria infection [115,168,169]. 
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Figure 1.5 | Binding process of iRBCs to microvasculature endothelium and sequestration in peripheral 

blood versus placenta during pregnancy-associated malaria (PAM). Placental isolates are antigenically 

and functionally distinct from those found systemically and do not bind the primary microvasculature 

receptor CD36, but instead bind to CSA [170]. 
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1.3. Malaria control in pregnancy 

MiP is a preventable and treatable disease. Control measures to be implemented during pregnancy 

depend on the epidemiological patterns and the intensity of transmission. In areas of stable, moderate-to-

high transmission in Sub-Saharian Africa, the WHO recommends a package of interventions for 

controlling MiP that includes intermittent preventive treatment (IPTp) and the use of insecticide-treated 

nets (ITNs), together with effective diagnosis and prompt management of malaria cases and anemia 

[137,171–173]. On the other hand, no global recommendations currently exist for the prevention of MiP in 

low-transmission areas [174,175].  

1.3.1. Insecticide-treated bednets (ITNs) 

The use of ITNs for the prevention of malaria infection has markedly contributed to the decline of malaria 

morbidity and mortality worldwide. Since its recommendation for universal implementation by WHO in 

2000, ITNs have prevented malaria by reducing physical human-vector contact through excluding the 

mosquito vector from feeding on human blood and killing them if they land on an ITN [176].  

 

Adequate use of ITNs in pregnancy has provided great protection against the infection, resulting in a 

reduction of LBW by 29%, spontaneous abortions and stillbirths by 33% and placental parasitaemia by 

23%, while their costs are lower than treating malaria [177]. As pregnant women normally sleep with 

their infants, ITN use in pregnancy confers additional protection to children, reducing all-cause of child 

mortality [178–180]. ITNs should be provided as early in pregnancy as possible to all pregnant women 

living in malaria-endemic areas. They are provided to pregnant women during antenatal care (ANC) 

visits or nationwide mass distribution campaigns. Its use should be encouraged for women throughout 

pregnancy and postpartum.  
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1.3.2. Intermittent preventive treatment for malaria in pregnancy (IPTp) 

Antimalarial chemoprevention is considered by the WHO as the most effective preventive approach to 

prevent MiP in areas with stable P. falciparum transmission [181]. Following the spread of resistance to 

chloroquine (CQ) together with the poor compliance with weekly or bimonthly CQ chemoprophylaxis to 

prevent MiP [182], IPTp- SP was first recommended in 1998 for pregnant women living in moderate-to 

high malaria transmission areas and, since then, it has been widely recommended and implemented with 

variable coverage in all malaria-endemic countries in Africa [183]. 

 

IPTp consists of administration of treatment doses of an effective antimalarial drug given at specified time 

points, regardless if the woman is infected or has signs of malaria at the time of treatment [184]. It provides 

intermittent clearance or suppression of existing asymptomatic infections of drug-sensitive parasites, 

while the slowly elimination of the drugs and the maintenance of suppressive drug levels in blood prevent 

new infections from occurring for several weeks (the prophylactic effect) [185,186]. 

 

SP is currently the only drug recommended for IPTp based on its efficacy and safety profile. Initially, a 

full course of SP (three tablets containing 500mg sulfadoxine and 25mg containing pyrimethamine each) 

was given twice during pregnancy (at least one month apart) in the second and third trimester, ideally 

administered under direct observed treatment (DOT). However, the IPTp-SP policy was updated in 2013 

and, with a new recommendation to provide at least three doses, from quickening (when the movement 

of the fetus is noted for the first time) until the time of delivery with at least one-month interval in between 

the doses. SP can be given on an empty stomach and should not be given concomitantly with folic acid as 

this counteracts its efficacy as an antimalarial. SP is contraindicated in women receiving cotrimoxazole 

(CTX) prophylaxis [184]. This updated recommendation has been supported by observations that three or 

more doses of SP were more effective than two [134,187].  

 

Field studies in malaria-endemic settings have shown that IPTp-SP has a beneficial impact on maternal 

and infant health [180,188] and is cost-effective [189]. When delivered as part of ANC it has been shown 

to effectively reduce malaria-related LBW, the risk of severe maternal anaemia and perinatal mortality in 

women mainly during their first or second pregnancy [180,190]. Despite being a straightforward 

intervention that can be delivered to pregnant women under direct observation during routine ANC 

visits, poor implementation is reflected through low coverage and disparities in utilisation rates across 

Sub-Saharan Africa [6,191,192]. According to the 2018 World Malaria Report, in 2017, the average coverage 



 

  

43 

 

of the recommended three or more IPTp doses in eligible pregnant women in Sub-Saharan Africa 

countries was 22%, while 54% received one and 42% received two doses [6]. Just one country in Sub-

Saharan Africa has reached a coverage of 50%, well below the target of 100% coverage set by the Roll Back 

Malaria Partnership (RBM) [193]. In 2014, WHO updated its IPTp policy to recommend that SP can be 

administered as early as possible during the second trimester and at every scheduled ANC visit until the 

time of delivery, provided that the doses are given at least one month apart [194]. This update was, in 

part, aimed at increasing the number of SP doses administered [194]. The disparity between ANC 

coverage versus IPTp-SP coverage in Sub-Saharan Africa points to a substantial missed opportunities at 

ANC facilities [195–197]. Reasons for the failure to achieve coverage targets for MiP interventions involve 

a range of health systems, health provider and socio-economic and individual factors affecting pregnant 

women's opportunities to receive IPTp-SP [198–203]. In addition, the emergence and increase of P. 

falciparum resistant to SP (described below) decreases the effectiveness of IPTp-SP at preventing and 

clearing malaria infections and LBW in pregnant women [204]. A study in Tanzania, an area with 

widespread SP resistance, IPTp-SP was associated with exacerbation of malaria infection, and it was also 

observed not to improve overall pregnancy outcomes [205]. This has led to the evaluation of alternative 

antimalarial drugs for IPTp such as dihydroartemisinin-piperaquine (IPTp-DHA-PPQ) [205,206], 

amodiaquine (IPTp-AQ), mefloquine (IPTp-MQ), SP plus AQ (IPTp-SPAQ [182,207,208], or the possibility 

of replacing IPTp-SP with new strategies such as intermittent screening and treatment of malaria with SP 

(IST-SP), amodiaquine (IST-AQ), artesunate plus amodiaquine (IST-ASAQ) or mefloquine (IPTp-MQ) 

and/or azithromycin/chloroquine combination in case of a positive test result [209,210]. However, none of 

the drugs tested for IPTp or the IST-based strategies was found to be superior to IPTp-SP [211,212]. Also, 

these drugs were found to have poor tolerability and frequent adverse effects compared to SP [210]. DHA-

PPQ has been evaluated in comparison to IPTp-SP for use in IPTp and showed promising results on 

halved the risk of MiP and at delivery [205,206,213]. However, further studies are still needed to better 

understand, its safety, operational feasibility and cost-effectiveness for treatment and prevention during 

pregnancy [206,213,214]. 
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1.3.3. Effective management of malaria illness  

Malaria case management is an important component of malaria control in pregnancy and aims at 

completely clearing infections and preventing disease progression and complications. However, effective 

treatment should be preceded by a diagnosis with parasitological confirmation to reduce unnecessary 

antimalarial exposure to both the mother and the developing foetus [172].  

 

The range of antimalarial drugs available for treating MiP is more restricted than that for non-pregnant 

adults, as these drugs must first be proven to be safe and efficacious for both the mother and the foetus. 

This is because there is limited drug safety information in pregnancy, which is due to the lack of evidence-

based data. The latter is because pregnant women are systematically excluded from clinical trials 

[216,217], primarily due to the risks, costs and complexities of undertaking such clinical trials [216]. 

 

To choose the appropriate antimalarial for the treatment of MiP, it is essential to properly assess 

gestational age, as most antimalarial drugs are not recommended during the first trimester of pregnancy 

due to safety reasons. During this period organogenesis occurs in the developing foetus, which makes it 

the most at risk period for teratogenicity. The current WHO guidelines for the treatment of uncomplicated 

malaria in the first trimester includes oral quinine alone or combined with clindamycin treatment for 7 

days. In case of pregnant women with severe malaria, use of parenteral antimalarial (i.e. rectal, 

intramuscular or intravenous administration) is recommended [218,219]. Parenteral artesunate is 

preferred over quinine in the second and third trimesters because quinine is known to reduce the blood 

sugar level (hypoglycaemia)[215]. Artemisinin-based combination therapy (ACT) is recommended for the 

treatment of P. falciparum uncomplicated malaria during the second and third trimester of pregnancy 

[215]. Studies have been done on the safety and efficacy of four ACT of artemether-lumefantrine (AL), 

amodiaquine-artesunate (ASAQ), mefloquine-artesunate (MQAS), dihydroartemisinin-piperaquine 

(DHA–PQ)- for different forms of ACT- on pregnancy outcomes and infants in African pregnant women 

with malaria. These studies have shown the best tolerability profile, acceptable cure rates, but the shortest 

post-treatment prophylaxis of AL, while DHA–PQ was suitable in terms of safety, longer post-treatment 

prophylaxis [220,221] and great infant survival [222,223]. 
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1.4. Diagnosis of malaria in pregnancy  

Although the control measures such as IPTp and ITNs greatly reduce de prevalence of MiP and its adverse 

consequences, pregnant women can still become infected. To ensure appropriate case management of 

malaria and avert adverse pregnancy outcomes, early and accurate diagnosis is extremely important [224]. 

 

During P. falciparum infections iRBC can remain in the peripheral circulation or sequester in the placental 

tissue (being sometimes absent from the peripheral circulation). A lack of evidence for a peripheral 

malaria infection does not necessarily mean absence of placental infection and vice-versa [225]. Women 

in regions of high malaria transmission are often asymptomatic, making the diagnosis more challenging 

[93,226,227]. In most African settings, diagnosis of P. falciparum infections is based on light microscopy 

(LM) and rapid diagnostic test (RDT), performed from peripheral or placental blood slides at delivery. 

Placental blood smears are prepared by collecting blood or by aspiration with a syringe from the 

intervillous space of the placenta or impression smear of placental biopsies [ 228,229].  

 

LM allows species discrimination and parasite density quantification and does not suffer from prolonged 

positivity after clearance of infection (such as happened with RDTs). However, well-trained staff, good 

quality laboratory supplies, rigorous equipment maintenance, quality control and quality assurance 

systems are needed [227]. LM is limited by a low limit of detection (LOD), estimated at 50-100 parasite/μl 

blood [229]. Indeed, the sensitivity of any diagnostic method is dependent on the volume of blood and 

parasitemia [230]. 

 

RDTs have the advantage of being quick and easy-to-use. They have expanded access to malaria diagnosis 

outside health facilities to more peripheral communities where microscopy is not possible or practical 

[231]. The most used RDTs for diagnosing malaria infections are based on the detection of soluble 

Plasmodium antigens in the blood by specific monoclonal antibodies. The available formats of RDTs 

include dipstick, cassette or card, hybrid cassette-dipsticks and plastic cassette coated with antibodies to 

specific antigens, which are abundant in all asexual and sexual stages of the malaria parasites. RDT attains 

a limit of detection (LOD) of 100 parasites/μL blood [232]. The most common malaria parasite antigens 

detected by RDTs are histidine-rich protein 2 (HRP-2) and the parasite lactate dehydrogenase (pLDH) 

enzyme. Some RDTs also target the parasite glycolytic pathway enzyme aldolase, which is found in all 

Plasmodium species. HRP-2 is a specific antigen from P. falciparum whereas pLDH and aldolase are 

conserved across species and antigenic variation on the HRP2-based tests may cause false-negative results 



 

  

46 

 

[233]. A different shortcoming often encountered with HRP2-based RDTs lies in its inability to quantify 

the parasite load. Also, the antigen can persist in the circulation for several weeks even though parasites 

have been cleared after treatment [224,233,234]. 

  

Although RDT and LM have the advantage of being cheap and easy-to-use for clinical management of 

malaria, their performance is compromised by the lack of sufficient sensitivity to detect low parasite 

densities [113,235,236]. These sub-microscopic infections have been associated with malaria-related 

morbidity and adverse effects of malaria in pregnancy [237,238]. The recent development of HRP2-specific 

highly sensitive RDT (HS-RDT) has improved sensitivity compared to conventional RDT, suggesting that 

this tool could be useful for the detection of malaria sub-microscopic infections [239,240]. 

 

Molecular assays for parasite detection have been introduced to several laboratories in endemic countries 

and are increasingly applied (in research) to assess interventions and epidemiological field surveys 

[241,242]. There is a wide variety of PCR-based detection assays for Plasmodium parasites, often based on 

the small-subunit 18S rRNA and circumsporozoite (CS) genes [243,244]. The greatest strength of DNA- or 

RNA-based detection techniques on the diagnosis of malaria lies in their high sensitivity demonstrated 

by their ability to detect parasites at very low densities <1 parasite/μL blood [230,241,245,246]. However, 

the need for specialized and trained staff, fancy equipment, electricity and equipment maintenance, which 

are not always available in resource-poor settings, are currently a major handicap for implementation of 

molecular methods for routine diagnosis.  

 

Recently, the loop-isothermal mediated DNA amplification (LAMP) molecular assay was developed and 

is increasingly advocated to be used as point of care (POC tool for malaria diagnostics) [247–249]. LAMP 

advantage compared to PCR is the use of simpler equipment, a simpler protocol and shorter turn-around 

time. It involves nucleic acid amplification that relies on auto-cycling strand-displacement DNA synthesis, 

combining rapidity, simplicity, and high specificity with similar diagnostic accuracy and sensitivity to 

that of PCR [250,251]. LAMP has a detection limit of > 5parasites/μL of blood. The use of LAMP assay in 

the detection of malaria in pregnant women has already been tested and has shown to perform better than 

LM and RDT [252]. However, its inability to quantify parasites giving results by turbidity or fluorescence 

is a major setback of the technique [251–253]. Additionally, although investigations highlight the 

possibility of implementing this simple, sensitive and specific molecular methods to remote areas, further 

studies are needed to evaluate the potential (technical and operational) integration of LAMP into clinical 

and surveillance programs [247,254,255]. 



 

  

47 

 

At delivery, malaria infection can be detected in the placental sections. However, the time point of 

diagnosis is too late for any intervention aiming at prevention of adverse effects on the mother and foetus. 

Histological examination of stained biopsies from the maternal side of the placenta is considered the gold 

standard for diagnosis of PM [256]. The quality of histopathology is very dependent on obtaining high-

quality specimens, since formalin pigment has similar optical properties to malaria pigment and can lead 

to misclassification  [251]. Histopathology can detect parasites, malarial pigment (hemozoin), or both, any 

of which can establish the diagnosis. The histological classification scheme for PM consists of four 

categories: (i) presence of parasitized maternal erythrocytes in the intervillous space, pigment in 

erythrocytes and monocytes in the intervillous space, but pigment scarce or absent in fibrin is considered 

an acute infection, (ii) the presence of parasites and pigment relatively abundant in fibrin or cells within 

fibrin and/or chorionic villous syncytiotrophoblast or stroma suggests an active-chronic infection, (iii) the 

presence of pigment only without evidence of infected erythrocytes is considered a past infection and (iv) 

no infected erythrocytes and no haemozoin deposition (pigment) means there is no evidence of PM 

[256,257]. Additional classifications of placental malaria include aspects such as the analysis of infiltrating 

inflammatory cells [258,259]. 
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1.5.  Molecular quantification of gametocytes 

Because immature stages of gametocytes are sequestered in the bone marrow, only stage I and stage V 

mature gametocytes of P. falciparum are present in the blood circulation [21]. The differential expression 

of the sexual stage-specific genes allows for the detection and quantification of gametocyte stages using 

RT-PCR based techniques (Figure 1.6). The most commonly used gametocyte specific marker for detection 

and quantification used in epidemiologic studies is Pfs25, which is only expressed in Stage V female 

gametocytes [230,260]. The most commonly used marker to detect male gameotcytes in blood is the 

Pfs230p [22]. 

 

 

 

Figure 1.6 | Differential expression of the sexual stage-specific genes Pfs16 and Pfs25. Neg: negative, no 

RNA expression; pos: positive, RNA expression [21]. 
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1.6. Sulfadoxine and Pyrimethamine Resistance 

 
SP was used in the 80s for the treatment of clinical malaria in non-pregnant individuals as alternative to 

chloroquine. Several malaria-endemic countries, particularly from Africa replaced chloroquine with SP as 

first-line treatment due to the spread of chloroquine-resistant parasites. However, due to the rapid 

deterioration of its efficacy, especially in Africa, and to the fact that artemisinin-based combination 

treatments became available, its use as first-line treatment was soon abandoned [261]. However, SP 

continues to be used for IPTp, and it is recommended for IPT in infants (IPTi) and seasonal 

chemoprevention due to its prophylactic effects and safety profile [262]. 

 

Sulfonamides drugs are an important group of antimalarial compounds and have generally been used in 

combination such as Sulfadoxine and Pyrimethamine (FansidarTM) that blocks essential enzymes for folate 

biosynthesis in the parasite [263]. The malaria parasite synthesizes folates de novo whereas the human host 

must obtain preformed folates and cannot synthesize folate. Folate is synthesized from three basic 

building blocks, GTP, p-aminobenzoic acid (pABA), and glutamate, in a pathway involving 

dihydropteroate synthase (DHPS) and dihydrofolate reductase (DHFR) enzymes [264,265]. The existence 

of this biosynthetic pathway in Plasmodium has been inferred by the ability of sulfa drugs to inhibit the 

growth of parasites. The interaction between pABA and DHPS enzyme would normally lead to a 

production of folic acid in the parasite, but it is interrupted in presence of sulpha-based drugs, e.g 

Sulfadoxine (a structural analogue of pABA). This leads to a depletion of the folate pool and thereby 

reduces the amount of thymidylate available for DNA synthesis [264,265]. Pyrimethamine is a potent 

inhibitor of DHFR, which plays three main roles in the folate pathway in P. falciparum. It controls de novo 

folate synthesis by catalyzing the synthesis of tetrahydrofolate (THF). Pyrimethamine, prevents the 

nicotinamide adenine dinucleotide phosphate (NADPH)-dependent reduction of dihydrofolate to 

tetrahydrofolate and the formation of thymidylate which lead to an arrest in DNA synthesis and 

subsequent parasite death (Figure 1.7) [265]. 
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Figure 1.7 | Anti-folate drug action and resistance mechanisms (Adapted from [264,265]. 

 

 

Mutations in dhps and dhfr genes of P. falciparum parasites lead to a lower affinity for the drugs. Resistance 

to SP occurs via substitutions in these genes as a result of appearance and accumulation of mutant SNPs 

in the pfdhfr and pfdhps genes [266,267]. Molecular studies have reported dhfr and dhps point mutations at 

varied prevalence rates, with highly resistant phenotypes more often found in East Africa [268,269] 

(Figure 1.8). Generally, the level of resistance to SP is proportional to the number of point mutations found 

in dhfr and dhps genes, which confer varying degrees of resistance depending on the 

accumulation/combination of point mutations [270]. Reduced efficacy of SP for effective treatment did not 

initially translate in a reduced efficacy of IPTp-SP to clear infections in asymptomatic pregnant women 

and to prevent malaria adverse outcomes [271,272,273]. However, the level of parasite resistance to SP has 

increased over the last decades [274–276]. 

 

Mutations at six dhfr codons (Ala16 to Val (A16V), Cys50 to Arg (C50R), Asn51 to Ile (N51I), Cys59 to Arg 

(C59R), Ile164 to Leu (I164L) and Ser108 to Asn108 (S108N) and six dhps codons (Ser436 to Ala or Phe 

(S436A/F), Ala437 to Gly (A437G), Lys540 to Glu (K540E), Ala581to Gly (A581G), and Ala613 to Ser or Thr 

(A613S/T)), have since then been identified and validated as molecular markers for SP resistance. 

Genotypes consisting of multiple mutations in the dhfr and dhps genes have evolved across the world and 

are most often associated with higher levels of resistance than the single mutant genotypes. A triple 

mutant dhfr allele combining N51I, C59R, and S108N mutations confers resistance to pyrimethamine and 
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is a significant contributor to SP treatment failure (partial resistance to SP treatment), while mutations at 

dhps the gene confer resistance to the sulfadoxine component of SP [277]. Mutation at 164 codon, in 

addition to the N51I, C59R mutations in the presence of S108N develop later and are associated with 

increased SP resistance [278]. One proposed alternative to SP is chlorproguanil-dapsone. Both 

chlorproguanil and pyrimethamine target the parasite dhfr enzyme, and mutations at codon 164 confer 

resistance to both drugs and limit the usefulness of these drugs [279,280,281]. Currently, in Africa, dhfr-

164 mutations have been reported at lower prevalence [282]. Nevertheless, this mutation should be 

monitored. 

 

Data from malaria endemic areas suggest an asymmetric selection of resistant genotypes beginning with 

mutations in dhfr and then by those in dhps [265]. The dhps mutations A437G, K540E, and A581G are 

particularly associated with established sulfadoxine-pyrimethamine failure in vivo [283,284]. However, 

the “quintuple mutant” genotype consisting of the triple Pfdhfr mutant genotype (N51I, C59R and S108N) 

in combination with the double Pfdhps mutant genotype (A437G and K540E) (termed fully resistance to 

SP), reduces the ability of SP to clear existing P. falciparum infections in asymptomatic pregnant women 

and shortens the post-treatment prophylactic period following IPTp [204,270,271]. However, with the 

newly emergence of dhps A581G mutation, which has given rise to a sextuple mutant parasite, consisting 

of the triple Pfdhfr mutant genotype (N51I, C59R and S108N) in combination with the triple Pfdhps mutant 

genotype (A437G, K540E and A581G) termed a “super-resistant” phenotype in East Africa [270,272]. In 

isolation, A581G is not associated with SP resistance, but in combination with A437G and K540E it is 

associated with reduced IPTp-SP effectiveness in preventing MiP-related morbidity and loss of protection 

against LBW [270,272]. In Korogwe District, Tanzania, the A581G mutation has increased from 11.7% to 

55.6% during 2003-2007 [285], while infections carrying the sextuple mutated parasites were associated 

with LBW [286]. The same haplotype was found to compromise the efficacy of IPTp-SP in Muheza, Tanga 

region of Tanzania [287]. Also, progression of additional mutations is occurring at dhfr codon I164L, and 

dhps S436F and A613S codons [288]. Although the effectiveness of IPTp-SP to protect against LBW is 

suggested to decrease with increasing resistance, IPTp-SP remained associated with a 7–10% reduced risk 

of low birthweight even in areas where the resistant quintuple-mutant haplotype is fixed [204]. However, 

IPTp-SP is not likely to reduce malaria and malaria-associated LBW in areas where the prevalence of 

sextuple-mutant parasites, with the dhps A581G mutation, exceed 37%, suggesting that IPTp-SP for the 

control of malaria in pregnancy for these areas should be replaced [272]. 
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Figure 1.8 | Prevalence of Pfdhfr/dhps mutations in Sub-Saharan Africa Countries. Maps 1 and 2 represents 

countries where prevalence of mutations is > 50%. Maps 3, 4 and 5 represent  countries where prevalence 

of mutations is >10% [268,269]. 

 

The use of SP for malaria prevention in pregnancy has also received increasing interest in the context of 

malaria elimination. SP has been associated with increased microscopic and submicroscopic gametocyte 

carriage [289–291]. However, information on whether IPTp-SP modifies infectiousness of the gametocytes 

and/or the level of transmission is contradictory [292]. Existing evidences indicate that submicroscopic 

gametocyte densities can still result in successful Anopheles mosquito infections [293–295]. However, other 

studies have shown that an increase in gametocyte carriage after SP does not translate in increased 

infectiousness to mosquitos  [296,297]. Moreover, infections caused by SP-resistant parasites, gametocytes 

have been associated with a longer duration and a higher probability of infectiousness compared with 

those caused by non-resistant parasites [298]. In the context of malaria control and elimination, where 

pregnant women are increasingly considered potential reservoirs of malaria transmission due to their 

increased susceptibility to malaria infections and the ability of parasites to sequester in the placental tissue 

[273,299] the potential role of IPTp-SP in transmission is worrying. 
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1.7. P. falciparun dhfr and dhps mutation detection methods 

 

Genotyping methods have been used to detect variations in the genetic make-up of organisms to 

distinguish parasite clones [300]. Different genotyping techniques can be employed based on the specific 

genetic variation that one wants to detect, sample numbers and available resources [301]. In this study, 

PCR-RFLP and Sequenom SNP genotyping methods were used for detection of P. falciparum dhfr and dhps 

mutations associated with resistance to SP. PCR-RFLP allows rapid detection of point mutations after the 

genomic sequences are amplified by PCR. It exploits variations in homologous DNA sequences which are 

detected by the presence of DNA fragments of varying lengths after digestion with restriction enzymes 

[302,303]. The mutation is discriminated by digestion with specific restriction endonucleases and is 

identified by gel electrophoresis after staining with ethidium bromide. This convenient and simple 

method is inexpensive and accurate for SNP genotyping and especially useful in small basic research 

studies of complex genetic diseases [302,304]. A disadvantage of the PCR-RFLP technique is that it 

requires relatively large amounts of hands-on-time. In addition, this technique may lose the specificity 

when PCR-amplified fragments do not give a consistent digestion pattern due to incomplete digestion of 

target DNA by the restriction enzymes, which can result in misclassification of mixed alleles [302,305]. 

Different technologies also have been adapted to SNP genotyping, with the methods differing in reaction 

chemistry, sensitivity, throughput and cost [301]. The use of high-throughput techniques such as 

Sequenom MassARRAY have been employed in genotyping studies [306]. The Sequenom SNP 

genotyping reaction uses a primer extension method (mini-sequencing) that detects specific alleles based 

on differences in mass using Matrix-Assisted Laser Desorption/Ionization Time-Of-Flight (MALDI-TOF) 

mass spectrometry (Figure 1.9) [306]. The hME (homogeneous MassEXTEND) technology that allows 

detection of up to 7 SNPs in a pooled assay and the iPLEX GOLD technology that allows detection of up 

to 40 SNPs are the main technologies used [306]. Sequenom platforms offer several advantages. Apart 

from detecting SNPs, Sequenom can also be used to detect small insertions and deletions in the DNA 

sequence [306]. Its multiplex PCR platform allows the analysis of over 100,000 genotypes per day with up 

to 40 assays per reaction and the scale-up of the number of samples easy [306]. The design of new assays 

depends only on the ability to design primers adjacent to where SNPs of interest are located [306]. The 

disadvantages of using the Sequenom platform include a required previous knowledge of the position of 

SNPs to be studied [306]. This technology therefore requires previous sequencing to identify SNPs and 

cannot be used for SNP discovery studies. The Sequenom method also yields only genotypic data, 
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therefore analyses such as linkage disequilibrium that requires the relation of several SNPs cannot be 

easily done unless haplotypes are inferred [306].  

 

Figure 1.9 | Sequenom’s MassARRAY reaction. A schematic of the genotype reaction of a C-to-G SNP 

[306]. 
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1.8. Malaria situation in Mozambique and challenges of MiP prevention 

 

P. falciparum is the most prevalent species in Mozambique accounting for more than 90% of all of the 

malaria cases in the country, the rest of the malaria burden is due to P. malariae and P. ovale species 

observed in 9% and 1% of cases, respectively [34].  

More than 90% of the 30.53 million people are at risk of contracting malaria. Malaria is still the leading 

cause of outpatient and inpatient admissions, especially children under five years and pregnant women 

[307]. Malaria is endemic throughout the country, ranging from hyper-endemic zones along the coast, 

mesoendemic zones in the flatlands and some hypo-endemic areas in the interior highlands. Several 

factors contribute to malaria endemicity, from climatic and environmental conditions such as favorable 

temperatures and rainfall patterns as well as vector breeding sites. Malaria transmission is reported 

throughout the year in many parts of the country, with peaks during the rainy season, from December to 

April. 

 

The prevalence of malaria by RDT in children of 6 to 59 months of age was recorded at 40.2% in 2015, 

showing a reduction compared to the Malaria Indicator Survey (MIS) 2007 with 51.5% and constant trend 

in the Survey on Malaria Indicators (MIS) from 2018 with 39% [308,309,310]. This decline in malaria 

burden is attributed to countrywide malaria control interventions including insecticide residual spraying 

and mass distribution of ITNs. In addition, the change in malaria policy to introduce the ACTs as the first-

line drug in the treatment of malaria occurred in 2009 [311]. 

 

In Mozambique, malaria is the most important cause of maternal death, contributing to 408 maternal 

deaths per 100,000 births [312] and representing the main cause of low birth weight newborns (3.8% in 

2015) [313]. The disease also contributes significantly to anemia in children, a major cause of poor growth 

and development. In 2018, 14% of Mozambican children under five years old suffered from severe anemia 

(range 3% to 24%) [314]. Main interventions for MiP in the country include IPTp-SP, ITNs, and effective 

diagnosis and prompt management of malaria cases. The national malaria strategic plan aims at universal 

coverage of the pregnant women with ITNs and IPTp-SP to reduce the malaria burden and its adverse 

consequences [314]. The IPTp-SP policy in Mozambique was adopted in 2006 and is delivered free of 

charge to all pregnant women under DOT during ANC visits [315]. Women were provided with at least 

two doses of IPTp-SP during the 2nd and 3rd trimester of pregnancy with intervals of one month between 

doses. In compliance with the new WHO recommendation [315], the national guidelines were updated 
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and implemented countrywide to adjust to the current ≥ 3 SP-dose in 2014. Since its adoption and, despite 

the scaling up of malaria control interventions with SP, and as in many other countries in Sub-Saharan 

Africa, compliance to IPTp-SP policy remains low.  

 

Mozambique used SP as monotherapy for malaria treatment during 2001, followed by its use as first-line 

therapy in combination with artemisinin derivatives from 2002 to 2004 and then introduced as a 

prophylactic in pregnant women in 2006. Routine surveillance of SP resistance at sentinel sites in Maputo 

and Gaza provinces have documented a rising trend of “quintuple mutant” haplotypes from 

approximately 25% to 78% between 2001 and 2003 [316,317], while the carriage of the pfdhps double 

mutants (A437G+ K540E) in Manhiça district was found at 83.8% and 82.2%, respectively in 2015 [318]. 

Unlike in other East African countries, studies monitoring the effectiveness of SP in the context of IPTp 

among pregnant women has been limited in Mozambique. Only one study, conducted in 2010, has 

investigated the prevalence of dhfr/dhps mutations in pregnant women (peripheral blood samples) [319]. 

This study reported a prevalence of the quintuple-mutation of approximately 20%, while the mutation at 

A518G codon was only found in one sample, and no mutation at codons I164L and A613S have been 

previously reported in the country. It is not clear whether these mutations are also spreading among 

pregnant women in Mozambique. Therefore, in order to inform malaria control policies, studies 

monitoring the coverage and effectiveness of SP in the context of IPTp among pregnant women (including 

those in rural communities) are required in Mozambique. 

1.9. Rationale, context and objectives of the thesis  

1.9.1. Rationale and hypotheses 

Despite the widespread implementation of IPTp-SP and the demonstrated efficacy of IPTP-SP to protect 

pregnant women from malaria adverse effects when three or more doses of SP are provided [187,320], 

there is a growing concern over the limited number of pregnant women who benefit from this strategy in 

most Sub-Saharan countries and the increasing parasite resistance to SP, which decreases the IPTp-SP 

effectiveness. In most malaria-endemic countries and particularly in Mozambique, the uptake of IPTp-SP 

is currently not adequate to protect women throughout their pregnancy and this problem increases in 

rural communities [197,308,320].  

A number of factors associated with the low IPTp-SP uptake have been identified including individual 

and health system factors [196–198]. Although during the last 10 years Mozambique has achieved 

significant progress in the coverage of institutional births (deliveries assisted by a health professional at 
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the health facility), an important proportion of pregnant women still deliver at home (deliveries not 

assisted by a health professional at the health facility, here defined as non-institutional birth), mainly in 

rural communities [86,88,91]. In this study, we hypothesized that that women with non-institutional births 

may be more at risk of lower number of ANC visits and thus at higher risk of low IPTp-SP uptake, malaria 

infections and adverse pregnancy outcomes. IPTp-SP in Mozambique is administrated during ANC visits. 

 

SP is currently used in IPTp as a strategy to prevent MiP, however, its effectiveness is threatened by the 

rapid widespread of SP-resistant parasites. Indeed, it is a current concern whether the emergence and 

spread of highly resistant parasites in East Africa, such as those carrying the sextuple pfdhfr/pfdhps 

haplotype threatens the usefulness of IPTp-SP strategy, calling for a revision in the drug regimen used 

[205,321]. Therefore, we hypothesize that highly SP resistant parasites are circulating in Mozambique and 

may contribute to reduced effectiveness of IPTp-SP and loss of protection against adverse pregnancy 

outcomes. Moreover, it has been reported that IPTp-SP may promote P. falciparum gametocytogenesis and 

the release of sequestrated gametocytes from the bone marrow to the bloodstream, with increased 

microscopic and submicroscopic gametocyte carriage in pregnant women [291]. As in areas of high 

transmission pregnant women (who have had multiple pregnancies) tend to be asymptomatic, they may 

play an important role as human reservoir of infection and transmission [293,294]. Therefore, we 

hypothesize that IPTp-SP use promotes higher gametocyte carriage in pregnant women, thereby 

contributing to sustaining malaria transmission in Mozambique. 

 1.9.2. Study area 

The study presented in this thesis was conducted in the health and demographic surveillance system 

(HDSS) catchment area of the Chókwè district, between June 2014 and June 2015. Chókwè is a rural district 

situated on the Limpopo River, a rural area located in Gaza Province in the southern region of 

Mozambique, approximately 220 kilometers northwest of Maputo, the capital city of the country. Chókwè 

district has an area of 2.466 km2 and an estimated population of 214.183 inhabitants, with more that 70% 

living in rural areas [322]. The district includes four administrative areas: Chókwè, Liónde, Macarretane 

and Xilembene (Figure 1.10). It is a malaria endemic area and one of the national malaria control 

progmame sentinel sites in Mozambique. Transmission intensity in Chókwè district is generally higher, 

due to existence of irrigation systems, which provide additional breeding sites for mosquitoes increasing 

the overall risk of infection. HIV prevalence among women aged 15-49 years is higher in Gaza Province 

compared to all other provinces in the country, 24,4% compared to national average of 13,2% [308]. The 

HDSS catchment area includes fifteen villages, eight of which belong to the Chókwè Municipality 
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(classified as urban) and seven to Liónde and Macarretane (classified as rural). Six health facilities, -

namely Chókwè Hospital, Health Centre of Terceiro Bairro, Health Centre of Liónde, Health Centre of 

Conhane, Health Centre of barragem and Health Centre of Macarretane- were located within the Chókwè 

HDSS catchment area, of which two were excluded due to absence of maternity (Figure 1.10). Chókwè 

Hospital is located in an urban area (Chókwè municipality) and is the reference hospital providing 

assistance for all Chókwè district population and neighbouring districts. 

1.9.3. Study objectives 

 The overall study aim was to obtain accurate estimates of IPTp-SP coverage in a rural Chókwè district, 

southern Mozambique and the key factors potentially related to low IPTp-SP uptake, assess malaria 

infection at delivery and adverse pregnancy outcomes and the frequency of dhfr/dhps mutations and 

gametocyte carriage among pregnant women to provide “based-on data” recommendations for 

improving malaria control IPTp interventions. 

 

The specific objectives were as follows: 

1. To evaluate the community coverage of IPTp-SP and factors potentially related to low IPTp-SP 

among women with non-institutional and institutional deliveries (Chapter II). 

2. To investigate the factors associated with malaria infection and adverse pregnancy outcomes 

among pregnant women at delivery (Chapter II). 

3. To explore the perceptions, views, experiences and behaviors of pregnant women and health 

workers on accessing IPTp for malaria prevention during pregnancy (Chapter III). 

4. To assess the frequency of dhfr/dhps mutations and gametocyte carriage in P. falciparum isolates at 

delivery, analyze its association with resistance to SP, and parasitological and pregnancy 

outcomes (Chapter IV). 
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1.9.4. Overview of the thesis chapters 

The thesis is organized in five chapters. In Chapter I, a general introduction to the global burden of 

malaria, MiP and the impact on maternal health and birth outcomes is described. Malaria control 

strategies for controlling MiP and the challenges are outlined. The coverage of IPTp-SP, factors potentially 

related to low IPTp-SP uptake and malaria adverse outcomes in pregnancy was investigated in Chapter 

II of this thesis. Chapter III provides a qualitative analysis of semi-structured interviews with key 

informants (pregnant women and health workers), on the perceptions, experiences, and behaviors about 

the IPTp-SP intervention. The frequency of SP resistance in P. falciparum parasites collected from pregnant 

women and the association of IPTp-SP intake with carriage of resistant parasites and gametocytes was 

subsequently investigated in Chapter IV. Finally, Chapter V summarizes and discusses the implications 

of the main findings of the study presented in the thesis. 

 
  
 

 
 
Figure 1.10. Study area. Map of Chókwè district showing the HDSS cactment area and the study health 

centres. Credits: Chókwè HDSS 2014.  
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2.1. Abstract 
 

Background: Malaria in pregnancy leads to serious adverse effects on the mother and the child and 

accounts for 75,000–200,000 infant deaths every year. Currently, the World Health Organization 

recommends intermittent preventive treatment of malaria in pregnancy (IPTp) with sulfadoxine–

pyrimethamine (SP) at each scheduled antenatal care (ANC) visit. This study aimed to assess IPTp-SP 

coverage in mothers delivering in health facilities and at the community. In addition, factors associated 

with low IPTp-SP uptake and malaria adverse outcomes in pregnancy were investigated.  

Methods: A community and a health facility-based surveys were conducted in mothers delivering in 

Chókwè district, southern Mozambique. Social-demographic data, malaria prevention practices and 

obstetric history were recorded through self-report and antenatal records. For women delivering at health 

facilities, a clinical examination of mother and child was performed, and malaria infection at delivery was 

determined by rapid diagnostic test, microscopy, quantitative PCR and placental histology.  

Results: Of 1141 participants, 46.6, 30.2, 13.5 and 9.6% reported taking ≥ 3, two, one and none SP doses, 

respectively. Low IPTp uptake (< 3 doses) was associated with non-institutional deliveries (AOR = 2.9, P 

< 0.001), first ANC visit after week 28 (AOR = 5.4, P < 0.001), low awareness of IPTp-SP (AOR = 1.6, P < 

0.002) and having no or only primary education (AOR = 1.3, P = 0.041). The overall prevalence of maternal 

malaria (peripheral and/or placental) was 16.8% and was higher among women from rural areas 

compared to those from urban areas (AOR = 1.9, P < 0.001). Younger age (< 20 years; AOR = 1.6, P = 0.042) 

and living in rural areas (AOR = 1.9, P < 0.001) were predictors of maternal malaria at delivery. Being 

primigravidae (AOR = 2.2, P = 0.023) and preterm delivery (AOR = 2.6, P < 0.001) predicted low birth 

weight while younger age was also associated with premature delivery (AOR = 1.4, P = 0.031).  

Conclusion: The coverage for two and ≥ 3 doses of IPTp-SP is moderately higher than estimates from 

routine health facility records in Gaza province in 2015. However, this is still far below the national target 

of 80% for ≥ 3 doses. Ongoing campaigns aiming to increase the use of malaria prevention strategies 

during pregnancy should particularly target rural populations, increasing IPTp-SP knowledge, stimulate 

early visits to ANC, improve access to health services and the quality of the service provided. 
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2.2. Introduction 

 

Although the global burden of malaria has been considerably reduced over recent years, it remains a major 

public health problem in sub-Saharan Africa (SSA), where 190 million cases and 394,680 deaths occurred 

in 2015 [1]. It is estimated that in the SSA region, 32 million pregnant women are at risk of acquiring 

malaria in pregnancy (MiP) every year [2,3]. MiP is associated with increased risk of both maternal and 

neonatal adverse outcomes including maternal anaemia (which leads to increased maternal mortality), 

delivery of low birth weight (LBW) infants, premature delivery, stillbirth and increased perinatal and 

infant mortality [4,5]. Women in their first pregnancy are at high risk of infection due to lack of specific 

immunity against the Plasmodium falciparum variant surface antigen VAR2csa, that mediates specific 

sequestration of parasites to placental tissue [6,7]. 

To prevent MiP in areas with moderate to high malaria transmission the World Health Organization 

(WHO) recommends the use of insecticide-treated nets (ITNs) and intermittent preventive treatment in 

pregnancy (IPTp) with at least three doses of sulfadoxine–pyrimethamine (SP), administered at scheduled 

antenatal care (ANC) visits regardless of the presence of parasites and signs of malaria [8]. Despite the 

fact that IPTp-SP has been rolled out for many years in SSA countries, several studies in the region report 

a low IPTp-SP coverage [9,10]. In 2015, only 50% of women in 36 reporting countries in the African region 

received two SP doses, while only 31% received ≥ 3 doses [2]. The major factors that have been associated 

with low IPTp-SP uptake include the number and timing of ANC visits, the lack of knowledge of MiP 

adverse consequences [11], systemic factors such as lack of clear policies and guidelines, as well as 

insufficient training, supervision, and quality assurance at the health facility level [10,12–14] and drug 

stock outs [15]. In addition, women that have non-institutional deliveries (deliveries at home) may be 

more likely to benefit less from health care including prenatal consultations and hence, receive less IPTp-

SP doses [16,17]. In Mozambique, where malaria is endemic and transmission is perennial, MiP is the most 

important cause of maternal death and contributes to the high overall maternal mortality rates (408 of 

maternal mortality per 100,000 births in 2011) [18] and delivery of LBW infants (4.3% overall in 2016) 

observed in the country [19]. IPTp-SP was first implemented in the country in 2006 delivered free of charge 

to all pregnant women under directly observed treatment (DOT) [20]. In 2014, the national guidelines 

were updated and implemented countrywide to adjust to the current ≥ 3 SP-dose WHO recommendation 

[21]. Although the collection of robust data on IPTp coverage is essential to monitor, evaluate and further 

improve the currently implemented MiP interventions, in Mozambique IPTp coverage available data is 

based mainly on routine annual reports from health centers (often lacking completeness and accuracy) 

[21], household surveys (HH) of HIV and malaria indicators at the province level [22] and retrospective 



 

  

92 

 

studies (which do not reflect the current situation) [15]. In 2015, a national HH survey with data collection 

at the provincial level, reported an IPTp-SP country coverage of 51.4% for one dose, 34.2% for two doses 

and 22.4% for ≥ 3 doses [22]. This study was conducted to determine the coverage of IPTp-SP uptake in 

Chókwè district (Gaza Province), where malaria prevalence in the general population was reported at 

32.5% in 2016 (Chókwè district health services 2016, unpublished data), at the time of implementation of 

the new WHO recommendation of IPTp. Importantly, the study collected information on factors 

potentially related to low IPTp-SP uptake both in health facilities and at the community level (among 

women with non-institutional deliveries). In addition, on these mothers delivering at the health facility, 

factors associated with malaria infection at delivery and adverse pregnancy outcomes were also 

investigated. 

2.3. Materials and methods 

2.3.1. Study site 

This study was conducted in the Chókwè district between June 2014 and June 2015. Chókwè is located in 

Gaza Province along the Limpopo River in the southern region of Mozambique, approximately 220 

kilometres northwest of Maputo, the capital city of the country. The district has an area of 2466 km2 and 

an estimated population of 214,183 inhabitants [23]. Chókwè district includes four administrative areas: 

Chókwè, Liónde, Macarretane and Xilembene (Fig. 1). The main economic activities of the district 

population are subsistence farming, large rice productions supported by major irrigation systems, 

livestock keeping and small business. Malaria, which is mostly attributable to P. falciparum, is endemic in 

this area with the majority of cases occurring during the rainy season from November to April. A 

continuous health and demographic surveillance system (HDSS)—including 135,616 habitants (63.3% of 

the district population) and occupying an area of approximately 600 km2 within a 25 km radius of Chókwè 

City is run by the “Centro de Investigação e Treino em Saúde de Chókwè”, a clinical research centre 

affiliated with the National Institute of Health—Ministry of Health of Mozambique. The HDSS catchment 

area includes fifteen villages, eight of which belong to the Chókwè Municipalit (classified as urban) and 

seven to Liónde and Macarretane (classified as rural). Data routinely registered in the HDSS includes 

migrations, pregnancies, births and deaths (Bonzela et al. pers. comm). 
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Figure 1: Map of Chókwè district showing the Chókwè HDSS catchment area and study Health Centers 

(Source, Chókwè HDSS, 2014).  

2.3.2. Study design and population 

Although during the last 10 years Mozambique has achieved significant progress in the coverage of 

institutional deliveries, an important proportion of these still occur mainly in rural communities [18,19,22]. 

Therefore, to obtain accurate data on IPTp coverage in the area under HDSS surveillance, a community 

and health facility based surveys were conducted. The community survey included women with non-

institutional deliveries during the study period, while the health facility survey included women 

delivering at (i) Chókwè Hospital, (ii) Peripheral Health Centre of Terceiro Bairro, (iii) Peripheral Health 

Centre of Liónde and (iv) Peripheral Health Centre of Conhane, all located within the Chókwè HDSS 

catchment area (Fig. 1). Chókwè Hospital is located in urban area (Chókwè municipality) and is the 

reference hospital providing assistance for all Chókwè district population and neighboring districts. 

Women were enrolled in the study if they fulfilled the following inclusion criteria: (i) aged between 15 

and 48 years, (ii) having a singleton delivery, and (iii) being a permanent resident of the area under HDSS 

surveillance in the Chókwè district. HIV positive women receiving antiretroviral treatment or 

prophylactic treatment with co-trimoxazole were excluded from the study, since IPTp- SP is not 

recommended in these women due to potential adverse drug reactions [24]. Written informed consents 

were obtained from all women before enrolment into the study. 
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2.3.3. Sample size 

In Mozambique, WHO’s recommendation of at least three doses of IPTp-SP during pregnancy was 

implemented in 2014. Therefore, the sample size calculation was based on the estimate of the proportion 

of pregnant women receiving three or more IPTp-SP in Gaza province. This was approximately 28% in 

2014 [21]. With a margin of error of ± 4% using an alpha type-1 error of 5%, at least 1038 delivering women 

during the study period were estimated to be included. 

2.3.4. Data Collection and Study Procedures 

Data were collected by trained midwives and HDSS health-workers who were specifically trained for this 

study. A structured questionnaire in Portuguese and local Changana language was administrated to 

document socio-demographic data including age, residence, marital status, education, occupation, 

knowledge of IPTp and use of ITN. Antenatal data were obtained from the mother’s antenatal card and 

included parity, gestational age at the first ANC, and timing of IPTp-SP doses. Women with non-

institutional deliveries were identified through the HDSS by comparing births registered in the database 

and hospital registers, and the interviews were conducted within 3 months after the date of delivery to 

minimize recall bias. In the health facility survey, parturient women were examined by a hospital clinician. 

Axillary body temperature was recorded and 3 ml of venous blood sample was collected immediately 

after delivery in ethylene diamine tetra acetic acid (EDTA) containing tubes. Peripheral venous blood 

samples were used to assess hemoglobin levels (HemoCue 301, Angelholm, Sweden), P. falciparum 

infection using RDT (SD Bioline Malaria Antigen Pf, Standard Diagnostic Inc, South Korea) and to prepare 

blood slides and samples for posterior diagnosis by light microscopy and quantitative polymerase chain 

reaction (qPCR), respectively. Newborn’s birth weight and gestational age were measured within 24h 

after delivery: birth weight using a digital scale (Soehnle professional, Soehnle Industrial Solutions 

GmbH; Germany) and gestational age based on last normal menstrual period; in case of uncertainty, it 

was estimated with the Ballard score maturational assessment by trained midwives [25]. Placental tissue 

samples were collected from the maternal side of the placenta with approximately 2cm × 2cm in length 

and width, and 1 cm in depth and immediately placed in 10% neutral buffer formalin and stored at 2–8 

°C until processed. 
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2.3.5. Laboratory procedures 

Thick and thin smears were prepared and stained with 5% Giemsa for 25 min and examined for malaria 

parasites by standard microscopy [26]. Slides were examined by two independent microscopists from the 

National Malaria Reference Laboratory using light microscopy at 100× magnification for the presence of 

malaria parasites. Parasite density was estimated by counting the number of asexual parasites per 500 

white blood cells (WBCs), and parasites per μL calculated assuming a WBC count of 8000 cells per μL of 

whole blood. A slide was considered to be negative if no parasites were seen after review of 1000 WBCs. 

In case of discrepant results, the slide was read by a third microscopist and the mean of the two closest 

reads was used. External quality control with 10% of slides was performed by a fourth experienced reader 

at the Malariology Unity Laboratory, Institute of Tropical Medicine in Antwerp, Belgium. Molecular 

detection of P. falciparum infections was performed by qPCR. Briefly, DNA was extracted from 200μL of 

erythrocyte pellet with QIAamp 96 DNA blood kit (Qiagen, Germany), and eluted in 200μL of water. Five 

microliters of DNA were used for qPCR analysis targeting P. falciparum var gene acidic terminal sequence 

(var ATS, ~ 59 copies per genome) as previously described [27]. Parasite densities were obtained by 

interpolating cycle thresholds (Ct) from a standard curve of infected erythrocytes diluted in whole blood 

(from 100,000 to 0.01 parasites/μL). Samples with Ct values ≤ 38.5 Ct were considered positive. The limit 

of detection was 0.04 parasite/μL. Placental tissue preparation and histological examination was 

performed at the Pathology laboratory of the Maputo Central Hospital (Hospital Central de Maputo-

HCM) as described elsewhere [28]. Two trained-independent microscopists read the slides, discrepant 

results were reviewed by a third microscopist and a consensus result was determined. External quality 

control was performed at Barcelona Institute for Global Health (ISGlobal) by a fourth experienced reader 

for 10% of slides. 

2.3.6. Definitions 

The following definitions were used: (a) fever: axillary temperature ≥37.5 °C; (b) moderate and severe 

anemia: Hb <11 g/dL and Hb <8 g/dL respectively; (c) LBW: <2,500g; (d) preterm delivery: <37 weeks of 

completed gestation. Gravidity was categorized into primigravidae (women in their first pregnancy) and 

multigravidae (women in their second or more pregnancies). Placental infection was classified according 

to the histopathology results as: (i) uninfected, no parasites or pigment present; (ii) acute infection, 

parasites present with no pigment in monocytes or fibrin; (iii) chronic infection, parasites present in 

erythrocytes with pigment and (iv) past infection, no parasites, pigment confined to fibrin or cells within 

fibrin indicating past infection [29]. 
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2.3.7. Ethics statement  

This study was approved by the National Bioethics Committees of Mozambique (CNBS) (IRB00002657), 

the Institute of Tropical Medicine (ITM) Institutional Review Board (IRBAB/ac/059) and the University of 

Antwerp (IRB-B300201421228). All procedures were carried out in accordance with the Helsinki 

Declaration as revised in 2013. Administrative approval to conduct the study was obtained from the local 

health facilities and the Ministry of Health of Mozambique. Informed consent was obtained at recruitment 

from all study participants or their representatives. 

2.3.8. Statistical Analysis 

Data from all study forms were double entered and checked for unusual values and inconsistencies 

between fields using OpenClínica v.3.3 (USA), and then exported to STATA version 14.1 (Stata Corp, 

College Station, TX, USA) for analysis. For categorical variables, descriptive analysis was performed and 

the data summarized in proportions and frequency tables. Means with their respective standard 

deviations and medians with interquartile ranges were used to summarize continuous variables. Kruskal–

Wallis rank test was used to compare medians and interquartile ranges (IQRs) of continuous variables, 

and Chi-square test or Fisher exact test for categorical variables. Univariate analysis was performed to 

analyse factors associated with low IPTp-SP uptake (< 3 doses), maternal malaria infection and density, 

LBW and preterm deliveries. Explanatory variables with P<0.20 in the univariate analysis, were included 

in the multivariable regression analysis. Crude odds ratios (OR), adjusted odds ratios (AOR) and 95% 

confidence intervals are reported with P values < 0.05 considered statistically significant. 
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2.4. Results 

2.4.1. Characteristics of the study population (community and health facility surveys) 

During the study period, 3854 deliveries were registered in the HDSS catchment area. Of these, 1330 

(34.5%) women were screened and 14.2% (189/1330) were excluded due to HIV positivity, non-singleton 

birth or living outside the Chókwè district. In total, 1141 women were interviewed and included in the 

study, from which 80.1% (914/1141) were recruited in maternity hospitals and 19.9% (227/1141) in the 

community (non-institutional deliveries). Demographic characteristics of study participants are shown in 

Table 1 (first and second columns). More than two-thirds (70.6%) of the women included in the study 

lived in Chókwè municipality (urban area), compared to 29.4% living in the rural areas of Lionde and 

Macarretane. Of the 227 women who had non-institutional deliveries, 67.0% were from rural areas, and 

33.0% from urban area (P < 0.001) (Additional file 1: Table S1). 

In this study, 92.5% (1055/1141) of women had their first ANC visit before 28 weeks (or during the first or 

second trimester of gestation). The majority of women starting ANC visit in the third trimester of gestation 

lived in urban areas 82.7% (71/86), 70.9% (61/86) had no formal education, 81.4% (70/86) were 

multigravidae, and 59.3% (51/86) delivered at Chókwè hospital, while 25.6% (22/86) delivered at 

peripheral health centres and 15.1% (13/86) had non-institutional deliveries (P = 0.011). Compared to 

women delivering in health facilities, women with non-institutional deliveries (Table 1) showed a higher 

proportion of multigravidae (85.9% vs 56.8%, P = 0.017), were more likely to live in rural areas (67.0% vs 

20.0%, P<0.001), had none or primary education only (86.8% vs 52.2%, P <0.001) and mainly worked in 

agriculture or livestock (62.6% vs 4.2%, P<0.001). When women were questioned (open question) about 

the main reasons for not delivering at health facility their answers were: lack of transport (55.5%), 

unexpected delivery date (40.9%), no nurse present at the hospital (1.3%), lack of electricity in the 

maternity board (1.8%), and desired to deliver at home (0.9%). 
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Table 1. Characteristics of participants by place of delivery and association with non-institutional delivery 

 Variable 

 

Place of delivery   OR 95%CI p value  AOR 95%CI p value 

 
Health facility 

(n=914) 

Home   

(n=227) 
    

  N n[%] n [%]         

Age        

< 20 380 345 [37.8] 35 [15.4] Ref.  Ref.  

≥ 20 761 569 [62.2] 192 [84.6] 3.3 [2.2-4.8] <0.001 1.3 [0.5-2.2] 0.712 

Gravidity        

Primigravidae (1) 427 395 [43.2] 32 [14.1] Ref.  Ref.  

Multigravidae (≥ 2) 714 519 [56.8] 195 [85.9] 4.6 [3.1-6.8]  2.3 [1.2-4.6]  0.017 

Place of residence        

Urban  806 731 [80.0] 75 [33.0] Ref.  Ref.  

Rural 335 183 [20.0] 152 [67.0] 8.1 [5.9-11.2] <0.001 3.2 [2.1-4.9] <0.001 

Marital Status        

Single 294 236 [25.8] 58 [25.5] 0.9 [0.7-1.3] 0.934 -  

Married/Cohabiting 847 678 [7402] 169 [74.5] Ref.    

Education        

None/ Primary school 674 477 [52.2] 197 [86.8] 6.0 [4.0-9.0] <0.001 2.3 [1.4-3.7] <0.001 

Secondary/High school 467 437 [47.8] 30 [13.2] Ref.  Ref.  

Occupation        

Unemployed 882 802 [87.6] 80 [35.2] 1.4 [0.5-3.7] 0.414 1.3 [0.5-3.6] 0.503 

Agro-livestock 180 38 [4.2] 142 [62.6] 55.3 [20-146] <0.001 21.2 [7.6-59.1] <0.001 

Employed/Self employed 79 74 [8.1] 5 [2.2] Ref.  Ref.  

Bed net use        

Yes 1055 844 [92.3] 211 [92.9] Ref.    

No 86 70 [7.7] 16 [7.1] 0.9 [0.5-1.6] 0.755 -  

Timing of first ANC Visit        

< 28 weeks 1055 841 [92.0] 214 [94.3] Ref.    

≥ 28 weeks 86 73 [8.0] 13 [5.7] 0.6 [0.3-1.2] 0.251 -  

Reported malaria pregnancy        

No  1001 810 [88.6] 191 [84.1] Ref.  Ref.  

Yes 140 104 [11.3] 36 [15.9] 1.4 [0.9-2.2] 0.067 1.3 [0.7-2.2] 0.338 

Ever heard about IPTp-SP        

Yes 251 713 [78.0] 177 [77.9] Ref.    

No 890 201 [22.0] 50 [22.1] 1.0 [0.7-1.4] 0.991 -   

CI Confidence Interval, ANC Antenatal care, OR odds ratio, AOR adjusted odds ratio, Ref Reference category 

Significant p values are presented in Italics 
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2.4.2. IPTp-SP coverage and factors associated with low uptake 

Overall, 532 (46.6%) women participating in the study received ≥ 3 doses of IPTp-SP, 345 (30.2%) received 

two doses, 154 (13.5%) received one and 110 (9.6%) received no IPTp-SP at all. Analysis of factors 

associated with low IPTp-SP uptake is presented in Table 2. In the univariate analysis, non-institutional 

delivery (OR = 3.5, P<0.001), place of residence (OR = 1.7, P < 0.001), having no or only primary education 

(OR = 1.8, P < 0.001), working in agriculture (OR = 2.9, P < 0.001), having the first ANC visit after 28 weeks 

of gestation (OR = 4.9, P< 0.001) and poor knowledge about IPTp (OR = 1.6, P<0.001), were associated with 

uptake of < 3 IPTp-SP doses, while being aged <20 year old (OR = 0.7, P = 0.018) and primigravidae (OR = 

0.7, P = 0.002) were associated with uptake of ≥ 3 IPTp-SP doses. However, in the multivariate analysis 

women with non-institutional delivery (AOR = 2.9, P<0.001), having no or only primary education (AOR 

= 1.3, P = 0.041), having the first ANC visit after 28 weeks of gestation (AOR = 5.4, P<0.001) and poor 

knowledge about IPTp-SP (AOR = 1.6, P<0.001) remained associated with low IPTp-SP uptake (< 3 doses). 
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Table 2. Characteristics of participants according to IPTp-SP dose and factors associations with low (<3 doses) 

IPTp-SP uptake 
 Variable Total 

[N=1.141] 
 
IPTp doses 

OR 95% 
CI  

p 

value  

AOR 95% 
CI  

p 

value  

  None 
[n=110] 

One  
[n=154] 

Two 
[n=345] 

≥ 3  
[n=532] 

    

  n [%] n [%] n [%] n [%] n [%]         

Age (years)          
Median [IQR] 22 [19-28] 25[20-35] 22 [18-28] 22 [19-28] 21 [18-27]    <0.001 

< 20 380 [33.3] 21 [5.5] 57 [15.0] 106 [27.9] 196 [51.6] 0.7 [0.6-0.9] 0.018 0.9 [0.7-1.4] 0.809 

≥20 761 [66.7] 89 [11.7] 97 [12.7] 239 [31.4] 336 [44.2] Ref.  Ref.  
Gravidity          
Median [IQR] 2 [1-4] 3 [2-5] 2 [1-3] 2 [1-4] 2 [1-3]    <0.001 

Primigravidae (1) 427 [37.4] 20 [4.6] 55 [12.9] 127 [29.7] 225 [52.7] 0.7 [0.5-0.8] 0.002 0.9 [0.6-1.4] 0.864 

Multigravidae (≥2) 714 [62.6] 90 [12.6] 99 [13.9] 218 [30.5] 307 [43.0] Ref.  Ref.  
Place of delivery          
Health facility 914 [80.0] 59 [7.3] 115 [12.6] 262 [28.7] 478 [52.3] Ref.  Ref.  
Non-Institutional (Home)  227 [20.0] 51 [15.2] 39 [17.2] 83 [37.1] 54 [23.8] 3.5 [2.5-4.8] <0.001 2.9 [1.8-4.5] <0.001 

Place of residence          
Urban 806 [70.6] 59 [7.3] 107 [13.3] 232 [28.8] 408 [50.6]   Ref.  
Rural  335 [29.4] 51 [15.2] 47 [14.0] 113 [33.8] 124 [37.0] 1.7 [1.3-2.3]  <0.001 1.2 [0.8-1.7] 0.205 

Marital Status          
Single 294 [74.2] 36 [12.2] 39 [13.3] 91 [31.0] 128 [43.5] 1.2 [0.9-1.5] 0.218 -  
Married/Cohabiting 847 [25.8] 74 [8.7] 115 [13.6] 254 [30.0] 404 [47.7] Ref.    
Education          
None/ Primary school 674 [59.1] 87 [12.9] 107 [15.9] 207 [30.7] 237 [40.5] 1.8 [1.4-2.3] <0.001 1.3 [1.0-1.7] 0.041 

Secondary/High school 467 [40.9] 23 [4.9] 47 [10.1] 138 [29.6] 259 [55.5] Ref.  Ref.  
Occupation          
Unemployed 882 [77.3] 65 [7.4] 110 [12.5] 264 [29.9] 443 [50.2] 1.1 [0.6-1.7] 0.776 1.0 [0.6 - 1.7] 0.942 

Agro-livestock 180 [15.8] 38 [21.1] 31 [17.2] 63 [35.0] 48 [26.7] 2.9 [1.7-5.1] <0.001 1.1 [0.6–2.2] 0.750 

Employed/Self employed 79 [6.9] 7 [8.9] 13 [16.4] 18 [22.8] 41 [51.9] Ref.  Ref.  
Bed net use           
Yes 1055 [92.5] 95 [9.0] 146 [13.8] 316 [30.0] 498 [47.2] Ref.  Ref.  
No 86 [7.5] 15 [17.5] 8 [9.3] 29 [33.7] 34 [39.5] 1.3 [0.9-2.1] 0.172 1.3 [0.8-2.1] 0.328 

Timing of first ANC Visit         
< 28 weeks  1055 [92.5] 96 [9.1] 132 [12.5] 309 [29.3] 518 [49.1] Ref.  Ref.  
≥ 28 weeks  86 [7.5] 14 [16.3] 22 [25.6] 36 [41.9] 14 [16.3] 4.9 [2.7-8.9] <0.001 5.4 [2.9-9.8] <0.001 

Reported malaria pregnancy         
No  1001 [87.7] 95 [9.5] 131 [13.1] 309 [30.9] 466 [46.5] Ref.    
Yes 140 [12.3] 15 [10.7] 23 [16.4] 36 [25.7] 66 [47.2] 0.9 [0.7-1.4] 0.896 -  
Ever heard about IPTp-SP         
Yes 251 [22.0] 49 [19.5] 38 [15.1] 70 [27.9] 94 [37.5] Ref.  Ref.  
No 890 [78.0] 61 [6.9] 116 [13.0) 275 [30.9] 438 [49.2] 1.6 [1.2-2.2] <0.001 1.6 [1.2-2.2] 0.002 

IQR Interquartile range, ANC Antenatal care, CI Confidence Interval, OR odds ratio, AOR adjusted odds ratio,  

Ref. reference category Significant P-values are presented in Italics. 
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2.4.3. Factors associated with malaria infection at delivery 

The overall prevalence of maternal malaria infections at delivery (including peripheral and/or placental 

infections) was of 16.8% (154/914) of which 35.1% (54/154) had only placental infection, 46.7% (72/154) 

only peripheral infection and 16.8% (26/154) had both placental and peripheral infections. In the univariate 

analysis being < 20 years old (OR = 1.3, P = 0.012), living in rural areas (OR = 2.0, P < 0.001) and having had 

malaria during pregnancy (OR = 1.6, P = 0.039) were associated with increased odds of maternal malaria 

infection at delivery (Table 3). However, in the multivariate analysis being < 20 years old (AOR = 1.6, P = 

0.042) and living in rural areas (AOR = 1.9, P < 0.001) remained significantly associated with maternal 

malaria infection at delivery. Furthermore, primigravidae women were significantly associated with 

higher peripheral parasite densities (P = 0.020, Table 4). Of the 914 women delivering at health facilities, 

51.8% had moderate anemia (≥ 8 and < 11 g/dL) and 6.6% had severe anemia (< 8 g/dL). The overall 

prevalence of P. falciparum peripheral infections at delivery was 10.7% (98/914) by qPCR, 2.7% (25/914) by 

light microscopy and 2.6% (24/914) by RDT. Among the 98 women with peripheral malaria infection at 

delivery by qPCR, 76.5% (75/98) were asymptomatic and sub-microscopic, while 21.4% (21/98) had 

asymptomatic and microscopic infections and only 2.0% (2/98) were symptomatic with sub-microscopic 

infections. Parasite densities ranged from 0.04 to 80,160 parasites/μL with a median density of 2.3 [0.3-

362] parasites⁄μL. The median of parasite density among mothers with asymptomatic infection was 1.9 

[0.2-353] parasites/μL, compared to 824 [3.0-1646] parasites/μL of those with symptomatic infection 

(P=0.410). The median of parasite density in mothers receiving <3 doses of IPTp-SP was 8.4 [0.1-104] 

parasites/μL compared to 1.8 [0.2-454] parasites/μL in those mothers receiving ≥3 doses (P=0.454). 

Placental malaria infections (PM) by histology were detected in 8.8% (80/914) of women, from which 15.0% 

(12/80) were active infections and 85.0% (68/80) were past infections. Nearly half of mothers with PM 

43.8% (35/80) were <20 years and primigravidae, and 32.5% (26/80) had also peripheral parasitaemia. 

Among the 80 mothers with PM 6.3% (5/80) did not receive IPTp-SP at all, 16.3% (13/80) received one dose, 

27.5% (22/80) received two doses and 50.0% (40/80) received ≥ 3 doses, and was not significantly different 

from mothers with no PM (6.6% (8/34) did not receive IPTp-SP, 16.3% (13/834) received one dose, 28.8% 

(240/834) received two doses and 52.5% (438/834) received ≥3 doses (P=0.784). 
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Table 3. Factors associated with malaria infection (Peripheral and/or Placental) among delivering women in the 

health facility survey (N=914) 

 Potential factors Maternal malaria infection any (Peripheral and/or Placental)   p value 

 N Infected n [%] OR 95% CI p value AOR 95% CI  

Age  (years)       

<20 345 72 [20.9] 1.3 [0.9-1.9] 0.012 1.6 [1.0-2.8] 0.042 

≥20 569 82 [14.4] Ref.  Ref.  

Gravidity       

Primigravidae (1) 395 76 [19.2] 1.3 [0.9-1.9] 0.093 0.9 [0.5-1.5] 0.727 

Multigravidae (≥2) 519 78 [15.0] Ref.  Ref.  

Residence Location       

Urban 731 107 [14.6] Ref.  Ref.  

Rural 183 47 [25.7] 2.0 [1.4-2.9] <0.001 1.9 [1.3-2.9] <0.001 

Marital Status       

Single 236 44 [18.6] 1.2 [0.8-1.7] 0.393 - - 

Married/Cohabiting 678 110 [16.2] Ref.    

Education       

None/ Primary school 477 78 [16.4] 0.9 [0.6-1.3] 0.675 - - 

Secondary/High school 437 76 [17.4] Ref.    

Malaria in pregnancy       

No 810 129 [15.9] Ref.  Ref.  

Yes 104 25 [24.0] 1.6 [1.0-2.7] 0.039 1.5 [0.9-2.5] 0.093 

IPTp-SP  receipt       

<3 doses 436 69 [15.8] 0.8 [0.6-1.2] 0.430 - - 

≥3 doses 478 85 [17.8] Ref.    

Anemia <11g/dL)§       

Yes 470 76 [16.2] 0.9 [0.6-1.3] 0.560 - - 

No 437 77 [17.6] Ref.    

Bed net use       

Yes 844 142 [16.8] Ref.    

No 70 12 [17.1] 1.0 [0.5-1.9] 0.946 - - 

CI confidence Interval, OR Odds ratio, AOR adjusted odds ratio, Ref. reference category 
 § Data was unavailable in seven participants (n = 907), Significant p values are presented in italics 
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2.4.4. Factors associated with maternal anaemia, LBW infants and premature deliveries 

Overall, 7.7% (70/914) mothers delivered LBW infants, 20.8% (190/914) women had preterm deliveries and 

1.1% (10/914) stillbirths. The median birth weight in the study population was 3025 (2800–3400) g, 38.6% 

(27/70) of LBW infants were pre-term deliveries. The gestational age of women with preterm delivered 

babies ranged from 22 to 36 weeks with a mean of 34.7 ± 2.25 weeks. Factors associated with LBW and 

premature delivery were assessed by univariate and multivariate regression analysis (Table 5). Gravidity 

(AOR = 2.2, P = 0.023) and pre-term delivery (AOR = 2.6, P < 0.001) remained independently associated 

with LBW in the multivariate analysis. Moreover, receiving < 3 doses of IPTp-SP (OR = 1.3, P = 0.044) 

predicted premature delivery in the univariate analysis, although this association was not significant after 

adjusting by the other covariates. Only being <20 years old was independently associated with premature 

delivery in the multivariate analysis (AOR = 1.4, P = 0.031). 

 

Table 4. Analysis of factors associated with higher mean peripheral parasite density among delivering women in 

the health facility survey 

  Mean Coefficient   Coefficient   

Potential factors Parasite density±SD 95% CI p value 95% CI p value 

Age  (years)     

<20 8276 ± 19,958 6495 [507-12,483] 0.034 -2089 [-10,606-6428] 0.627 

≥20 1781 ± 8980 Ref.  Ref.  

Gravidity      

Prim gravidae (1) 9473 ± 21,336 8952 [3122–14,782] 0.003 9832 [1572-18,093] 0.020 

Multigravidae (≥2) 520 ± 1526 Ref.  Ref.  

Residence Location     

Urban 4299 ± 14,209 Ref.    

Rural 5178 ± 16,642 878 [-5394-7152] 0.782 - - 

Education      

None/ Primary school 5742 ± 17,126 2176 [-3893-8247] 0.478 - - 

Secondary/High school 3565 ± 12,937 Ref.    

IPTp-SP receipt      

<3 doses 4991 ± 16,174 -819 [-6948–5309] 0.791 - - 

≥3 doses 4171 ± 13,767 Ref.    

Bed net use      

Yes 4366 ± 14,784 Ref.    

No 8703 ± 20,521 4337 [-8323-16,997] 0.498 - - 

SD standard deviation, CI confidence Interval, Ref. reference category. Significant p values are presented in Italics 
 



 

  

104 

 

2.5. Discussion 

 

This study was conducted to evaluated the coverage of IPTp-SP in Chókwè district since the 

implementation of the new WHO recommendations. Importantly, estimates were assessed both in health 

facilities and in the community (women with non-institutional deliveries), which allowed us to accurately 

investigate the factors affecting IPTp uptake under routine circumstances in women with different access 

to health facilities. Results show that the coverage of ≥ 3 doses of IPTp-SP is of 46.6% in the study 

population. The coverage of the recommended dosing was higher than estimates from the 2015 HH survey 

in the Gaza province 37.2% [22], reflecting geographical variations in the coverage of IPTp-SP within the 

province. Moreover, the current coverage is still far below the national target of 80% of pregnant women 

[30]. The majority of African countries have adopted a policy of providing ≥ 3 doses of IPTp to pregnant 

women, however, coverage estimates remain far below global targets [31,32]. In 2014–2016, the overall 

percentage of women who received ≥ 3 doses of IPT-SP during pregnancy in sub-Saharan Africa ranged 

from 13 to 19% [32], while in recent studies, IPTp-SP coverage ranged from 6 to 87.3% [33–35]. Non-

institutional deliveries were strongly associated with low IPTp uptake in the study population living in 

rural areas (67%), while the major reasons for delivering outside health facilities were lack of transport 

(55%) and unexpected delivery date (40.9%). None or only primary education, late timing of first ANC 

visit and poor awareness about IPTp were also associated with low IPTp uptake, similar to what has been 

observed in other sub-Saharan Africa countries [34,36,37]. 

At the beginning of the study, it was hypothesized that women with non-institutional deliveries would 

be those at higher risk of low IPTp uptake due to lower number or later initiation of ANC visits [16,17]. 

Since IPTp-SP in Mozambique is delivered free of charge to pregnant women under DOT during ANC 

visits, the earlier the ANC visits start, the higher is the chance to receive adequate IPTp-SP dosage. 

Moreover, early and regular ANC attendance provides time for antenatal health education about malaria 

preventive strategies during pregnancy. 

However, in the study population, although the odds of failing to take the recommended IPTp-SP doses 

was five times higher among women initiating ANC visits during the third trimester of gestation 

compared to those starting during the first or second trimester, significant differences in time to first ANC 

visit between women delivering in hospital facilities and with non-institutional deliveries were not 

observed (94.3% of women with non-institutional deliveries and 92% of women delivering at health 

facilities -reference and peripheral health facilities-had the first ANC visit during the first or second 

trimester of pregnancy). Future studies should investigate the proportion of ANC visits occurring during 

the first trimester of pregnancy, as is recommended by WHO in order to maximize the chances for IPTp-
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SP uptake [8]. Other studies have shown that barriers to adequate health (quality) care access decrease 

opportunities to adequate IPTp uptake [10,38]. Although, no SP stock outs in the study area have been 

documented by the MoH in Maputo since 2013 (Chókwè district health services 2016, unpublished data), 

it is possible that women at ANC visits were not always supplied with IPTp-SP, as has been reported in 

previous studies in SSA [11,38]. Awareness about IPTp-SP and education level were also critical factors 

influencing the uptake of IPTp-SP in Chókwè district, as observed in similar previous studies from other 

East African countries [36,39]. These results confirm that health education on IPTp-SP and promoting 

formal general education beyond primary school will apprise and influence decisions and further increase 

coverage of the recommended dosing among pregnant women. 

The prevalence of maternal P. falciparum infection at delivery (defined as peripheral or placental infection) 

was 16.8%, considerably lower than that of 23.2% reported in the neighbor district of Manhiça in 2009 [40], 

but is higher than the 6% reported among delivering women in the same area in 2012 [41]. In other African 

countries with stable transmission, the prevalence of infection at delivery ranged from 8.1 to 57.8% [42–

45]. The major factor associated with infection at delivery in this study was living in rural areas. Rural 

villages in the area are at higher proximity to irrigation systems, which may provide additional breeding 

sites for mosquitoes increasing the overall risk of infection. In addition, IPTp-SP uptake is also lower in 

rural villages (associated with non-institutional deliveries) in concordance with other studies in 

Mozambique [46] and SSA [47,48]. Although the effect of ≥ 3 doses of IPTp-SP in reducing maternal 

malaria infection at delivery was non-significant, there was a trend of decreasing parasite densities with 

increasing number of IPTp doses indicating a benefit of higher IPTp-SP uptake on reducing parasite 

density [34,49]. 

Women at their first pregnancy and at younger age (< 20 years) were more likely to be infected at delivery, 

present higher parasite densities, and give birth to LBW and pre-term infants, compared to multigravidae 

and older women, respectively, confirming higher susceptibility to MiP and related adverse effects due to 

inadequate pregnancy-associated immunity [7,50–53]. Moreover, young mothers may represent a 

particularly disadvantaged risk group characterized by low socioeconomic status and level of education, 

which may have an influence on health-related behavior [54]. Therefore, higher efforts to improve uptake 

of IPTp in this risk group should be stressed. 

 

The majority of infections at delivery were sub-microscopic and asymptomatic (76.5%), which supports a 

role of asymptomatic pregnant women as malaria reservoir of infection and in contributing to the 

maintenance of malaria transmission [55, 56] (although gametocyte carriage in pregnant women should 

be measured to confirm this hypothesis). Sub-microscopic infections during pregnancy may have a 
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harmful effect on the pregnant women and to the developing fetus [44,57], however no association 

between infection and adverse pregnancy outcomes was observed. Although the study may have been 

unpowered to find significant associations in this regard, it is also well known that SP resistance affect 

IPTp-SP efficacy and thus, prevalence of sextuple mutated parasites in the study area should be evaluated 

[58,59]. Placental malaria is associated with maternal and neonatal adverse outcomes in pregnancy [4,5]. 

The proportion of placental infections by histology was 8.8%, the majority being past infections. The 

presence of PM was not correlated with peripheral infections, while similar results have been reported in 

other studies [52,60]. Although IPTp-SP coverage may have been overestimated since the representation 

of the rural population in the study is lower than that in the general population of the district, and rural 

women are those at higher risk of low IPTp-SP uptake, the main strengths of this study was the enrollment 

of women in the community and health facilities including those with non-institutional deliveries, which 

allowed us to accurately investigate the factors affecting IPTp uptake under routine circumstances in 

women with different access to health facilities and thus to IPTp-SP. In conclusion, the study reports a 

IPTp-SP coverage for two and ≥ 3 doses of IPTp-SP higher than estimates from a HH survey in the same 

province, but still far below the national target of 80% coverage of ≥ 3 doses. Ongoing and new campaigns 

aiming to increase the use of malaria prevention strategies during pregnancy should particularly target 

rural populations, increasing IPTp knowledge, stimulate early visits to ANC and, importantly, improving 

access to health services and the quality of the services   provided. 
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Table 5. Factors associated with low birth weight and premature delivery among study participants 

Potential factors  N Low birth weight  Premature delivery  

  BW < 2500g  OR 95%CI p value AOR 95%CI p value GA < 37 Weeks OR 95%CI p value AOR 95%CI p value 

   n [%]        n [%]        
Age  (years)             
< 20 345 39 [11.3] 2.2 [1.3-3.6] 0.002 1.1  [0.5-2.2] 0.699 83 [24.1] 1.3 [0.9-1.8] 0.058 1.4 [1.0-1.9] 0.031 

≥ 20 569 31 [5.4] Ref.  Ref.  107 [18.8] Ref.  Ref.  
Gravidity            
Prim gravidae (1) 395 45 [11.4] 2.5 [1.5-4.2] <0.001 2.2 [1.1-4.8] 0.023 85 [21.5] 1.1 [0.7-1.4]  0.635 -  
Multigravidae (≥ 2)  519 25 [4.8] Ref.  Ref.  105 [20.2] Ref.    
Residence Location            
Urban 731 54 [7.4] Ref.    146 [20.0] Ref.    
Rural 183 16 [8.7] 1.2 [0.6-2.2] 0.538 -  44 [24.0] 1.2 [0.8-1.8]  0.228 -  
Education            
None/Primary school 477 37 [7.8] 1.0 [0.6-1.6] 0.907 -  109 [22.9] 1.3 [0.9-1.7]  0.109 1.3 [0.9-1.8]  0.091 
Secondary/High school 437 33 [7.6] Ref.    81 [18.5] Ref.  Ref.  
Peripheral infection            
Yes 100 8 [8.0] 1.0 [0.5-2.3] 0.892 -  13 [13.0] 1.1 [0.6-1.7]  0.752 -  
No 814 62 [7.6] Ref.    177 [21.7] Ref.    
Placental  infection            
Yes 80 10 [12.5] 1.8 [0.9-3.7] 0.093 1.8 [0.8-3.8] 0.101 22 [27.5] 0.7 [0.3-1.3]  0.297 -  
No 834 60 [7.2] Ref  Ref.  168 [20.1] Ref.    
IPTp-SP uptake            
<3 doses 436 38 [8.7] 1.3 [0.8-2.2] 0.252 -  103 [23.6] 1.3 [1.0-1.9]  0.044 1.3 [0.9-1.8]  0.060 
≥3 doses 478 32 [6.7] Ref.    87 [18.2] Ref.  Ref.  
Premature delivery            
Yes 190  27 [14.2] 2.6 [1.5-4.3] <0.001 2.6 [1.5-4.5] <0.001 -   -  
No  724 43 [5.9] Ref.   Ref.             
CI Confidence Interval; BW Birth Weight, GA Gestational age, OR odds ratio, AOR adjusted odds ratio, Significant P values are presented in Italics. 
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3.1 Abstract  

 

Background: Malaria remains a significant health problem in Mozambique, particularly in the case of 

pregnant women and children less than five years old. Intermittent preventive treatment with 

sulfadoxine-pyrimethamine (IPT-SP) is recommended for preventing malaria in pregnancy (MiP). Despite 

the widespread use and cost-effectiveness of IPTp-SP, coverage remains low. In this study, we explored 

factors limiting access to and use of IPTp-SP in a rural part of Mozambique. 

Methods and findings: We performed a qualitative study using semi-structured interviews to collect data 

from 46 pregnant women and four health workers in Chókwè, a rural area of southern Mozambique. Data 

were transcribed, translated where appropriate, manually coded, and the content analyzed according to 

key themes.  The women interviewed were not aware of the risks of MiP or the benefits of its prevention. 

Delays in accessing antenatal care, irregular attendance of visits, and insufficient time for proper antenatal 

care counselling by health workers were driving factors for inadequate IPTp delivery. 

Conclusions: Pregnant women face substantial barriers in terms of optimal IPTp-SP uptake. Health 

system barriers and poor awareness of the risks and consequences of MiP and of the measures available 

for its prevention were identified as the main factors influencing access to and use of IPTp-SP. 

Implementation of MiP prevention strategies must be improved through intensive community health 

education and increased access to other sources of information. Better communication between health 

workers and ANC clients and better knowledge of national ANC and IPTp policies are important. 
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3.2. Introduction 

Pregnant women are at high risk of malaria and its adverse consequences. An estimated 55 million women 

become pregnant each year in malaria-endemic areas, and of these approximately 10,000 die of malaria 

[1,2]. Malaria infections during pregnancy are often asymptomatic, but can still cause adverse effects for 

both the mother and her child, including maternal anemia, impaired fetal growth, premature and still-

birth, low birth weight, and congenital malaria, which have been associated with a high risk for infant 

mortality and morbidity [1,3]. 

The control and prevention of malaria in pregnancy (MiP) is an important strategy to avert malaria 

adverse consequences and improve maternal and infant health. For areas with moderate and high malaria 

transmission in Africa the World Health Organization (WHO) recommends a package consisting of 

intermittent preventive treatment in pregnancy (IPTp) with sulfadoxine-pyrimethamine (SP), use of 

insecticide-treated bed nets, and effective case management of clinical malaria and anemia [4,5]. IPTp-SP 

and bed nets are delivered during antenatal care (ANC) visits. Although many countries in sub-Saharan 

Africa (SSA) have adopted IPTp-SP for MiP, coverage of the recommended IPTp-SP dosage (≥ 3 doses) is 

still unacceptably low among pregnant women, despite a modest increase in ANC attendance [3], This 

low coverage limits the beneficial effect of IPTp-SP on maternal and child outcomes [6,7]. 

Quantitative data collection approaches have been widely used to explore factors affecting access and use 

of IPTp-SP. Factors associated with low coverage include limited access to ANC services, attitudes and 

practices among health care professionals, low awareness of the consequences of MiP, poor patient 

adherence, and community attitudes towards preventive interventions [8–11]. Quantitative studies, 

however, often do not capture sociocultural aspects such as sociocultural beliefs among individuals and 

community that may be affecting pregnant women’s access to and use of malaria control interventions 

[10,12–14]. 

Countrywide policies aimed at improving maternal and neonatal health have been implemented in 

Mozambique. Specifically, these policies target anemia and malnutrition, prevention of MiP, increased 

rates of institutional deliveries, delayed age of first pregnancy, and reduced practice of unsafe abortions 

[15,16]. IPTp-SP has been administered in Mozambique using the directly observed therapy approach 

since 2006, and insecticide-treated bed nets are distributed free of charge to pregnant women at ANC 

visits [15]. Also, national guidelines were recently updated to ensure the countrywide implementation of 

the WHO recommendation of administering at least 3 doses of IPTp-SP to pregnant women [16]. 

According to data from the 2015 national survey 34.2% of pregnant women in Mozambique were receiving 

two doses of IPTp-SP while 22.4% were receiving three [17]. Data, however, from a recent study by our 
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group in the rural Chókwè district showed a coverage rate of 46.6% for three or more IPTp-SP doses at 

the time of delivery [18]. 

The current study explored perceptions, experiences, and behaviors among key informants (pregnant 

women and health workers) regarding malaria prevention in pregnancy (IPTp-SP) in order to identify 

individual and sociocultural factors that influence uptake of IPTp-SP during ANC visits. Finding from 

this study will provide information which could assist malaria control programs to implement 

appropriate strategies to improve the overall IPTp-SP coverage in the region and in the country. 

3.3. Materials and Methods 

3.3.1. Study site and population 

The study was conducted in the health and demographic surveillance system (HDSS) catchment area of 

the Chókwè district, Gaza Province, Mozambique. Chókwè is a rural district is situated on the Limpopo 

River and most of its population belongs to the Changana ethnic group, whose main economic activities 

are subsistence farming, large-scale rice production, livestock keeping, small business and migrant labour 

in South Africa. Around 135,000 habitants are under continuous follow-up through the HDSS. This system 

covers an area of approximately 600Km2 within a 25Km radius of Chókwè City. The HDSS is run by the 

“Centro de Investigação e Treino em Saúde de Chókwè” (CITSC), a clinical research center affiliated with 

the Instituto Nacional de Saúde, which is overseen by the country’s Ministry of Health. The HDSS 

routinely registers pregnancies, births, deaths, and migrations [Bonzela et al, in preparation]. There are 

two seasons: a hot, rainy season that runs from November to April and a cool, dry season that runs from 

May to October. Malaria transmission is perennial and occurs year-round, although it is more intense 

during the rainy season. Plasmodium falciparum is the predominant malaria parasite species in the area 

[19]. 

At the time of data collection, the country had adopted the new WHO policy recommendation that calls 

for monthly SP administration and a minimum of three doses during the course of pregnancy [20]. Within 

the HDSS catchment area the official health Network is comprised by nine health centers. The referral 

district hospital is Chókwè Rural Hospital with 125 beds and the Carmelo hospital which is specialized in 

TB and HIV management. Most of the government medical services are provided free of charge except 

for drugs prescribed at the outpatient department that is available for purchase at subsidized prices. The 

rest of seven health centers offers health services that include maternal and child health treatment and 

preventive services, screening and treatment of syphilis, anemia, and urinary tract infections, 

administration of anthelmintic, ferrous sulphate supplementation, folate tablets, and tetanus toxoid 
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vaccines, and prevention of mother to child transmission of HIV [15]. The prevalence of HIV in 

Mozambican women aged 15-49 years in 2015 was 28.2% [17]. 

3.3.2. Study design and data collection 

This was a descriptive qualitative study undertaken between March and April 2015 in the context of a 

study conducted in the same area designed to evaluate IPTp-SP uptake and pregnancy outcomes in order 

to explore barriers to IPTp for preventing MiP. Four primary health facilities were selected for data 

collection. To qualify for participation in the study, the health center had to be located in the study area 

and offer maternal and child health care and preventive services. Therefore, the Chókwè Health Center, 

Terceiro Bairro Health Center, Lionde Health Center and Conhane Health Center were selected into the 

study. 

At each of the four facilities, interviews were held with a sample of health service users, represented by 

pregnant women aged ≥15 years old, and health workers, represented by nurses. Pregnant women were 

randomly selected from those who visited the health facilities for prenatal consultations and provided 

their written informed consent to participate in the study. One nurse was selected at each of the health 

facilities. To qualify for participation in the study, the nurse had to have been delivering ANC for at least 

1 year before the interview. 

Interviews were held in a private room at the healthy facility and conducted by an experienced male social 

scientist assisted by a female research officer specifically trained for this study. Sessions ran for 

approximately 45 minutes and were conducted in Portuguese and/or in Changana (local language) 

depending on the participants’ preferences. All interviews were digitally recorded. 

Interview guides were developed to explore factors limiting access to IPTp during pregnancy from the 

perspectives of both the pregnant women and the nurses. The Pregnant women were interviewed using 

a semi-structured questionnaire focusing on (a) general perception of diseases in the study area, (b) 

perceptions of malaria and IPTp-SP, and (c) experiences with ANC and perceptions of the quality of 

service (S1 Form). The nurses were asked about (d) women’s attitudes towards IPTp and challenges for 

IPTp-SP delivery (S2 Form).  
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3.3.3. Transcription and data analysis 

The full content of the interview recordings in the local language (Changana) was transcribed verbatim 

and translated into Portuguese. All transcripts were read for accuracy before the analysis. Data were 

coded separately according to the original research questions and the data collection guides. They were 

coded using pre-defined themes based on the research questions and analyzed manually using a content 

data analysis method, which involved familiarization with data through reading and re-reading of 

transcripts and refining of themes by comparing codes with research questions. The headings used in the 

results and discussion sections of this paper reflect the codes used for the analysis.  

3.4. Ethical approval and consent to participate 

The study was approved by the National Health Bioethics Committee (CNBS) (IRB 00002657). 

Administrative approval to conduct the study was obtained from the local health facilities and the 

Ministry of Health of Mozambique. With participants' prior agreement, written informed consent was 

obtained prior to the interview. Women under 18 years of age provided informed assent and their 

husbands, mothers, or representatives provided informed consent. During transcription, names were 

replaced with codes to ensure anonymity and digital recordings were deleted once the transcription and 

translation had been completed and checked for quality. 
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3.5. Results 

Fifty participants—46 pregnant women and four health workers (nurses)—were recruited and 

interviewed. The demographics of the pregnant women are provided in Table 1.  

All the nurses had been trained in maternal and child health care and prevention. Their level of education 

ranged from secondary to higher. Two of the nurses had been working in Maternal and Child Health 

Services for at least 3 years and the other two had been working for 1 year. Predefined themes were coded 

around the four key topics in the topic guide: (a) general perceptions among pregnant women of diseases 

in the study area; (b) perceptions among pregnant women of malaria and IPTp-SP; (c) experience with 

ANC services and perceptions among pregnant women of service quality; (d) perceptions among nurses 

of challenges for IPTp-SP delivery (S1Table).  

 

Table 1. Characteristics of pregnant women included in the study (N=46) 

Characteristic  Frequency (%) 

Median age [IQR] (years) 25.5 [22-32] 

Education level  

No formal education  7 (15.5) 

Primary  22 (48.8) 

Secondary or higher 17 (37.7) 

Marital Status  

Married 6 (13.3) 

Single 17 (37.7) 

Marital union 23 (51.1) 

 

3.5.1. General perceptions of diseases among pregnant women 

When responding to the open-ended question about perceived illnesses affecting the population, the 

pregnant women identified HIV/AIDS, malaria, tuberculosis and diarrhoea as the most common health 

problems in the area. Other diseases cited as less prevalent but that affected pregnant women were 

Xibelekelo (native language)—described as a disease linked to the female reproductive system (specifically 

to the uterus) that causes intense pain and affects women during the cold season—and xitsongua 

tsonguana—described as a disease that affects pregnant women characterized by convulsions and high 

blood pressure. According to local belief Xitsongua tsonguana can be passed from the mother to the baby, 

and when this happens, the baby can be born with "moon disease" which refers to a set of symptoms 

including body pain, convulsions, fevers, constipation, and cough that the baby may experience each time 

a full moon appears. Other diseases cited by participants were Dzedzedze (fever), stress, and diabetes. 
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3.5.2. Perceptions of malaria and IPTp-SP among pregnant women 

The majority of pregnant women (80.4%, 37/46) perceived malaria as one of the main diseases in the local 

population and mentioned that it mainly occurred in the hot, rainy season. The main symptoms 

mentioned were hot body, headache, vomiting, weakness, lack of appetite, body pain, and joint pain. 

Quinine and Coartem were mentioned as the most common antimalarial drugs available. 

“I know that muntzototo (malaria) is the main health problem during rainy season. I got muntzototo (malaria) more 

than once, but I always got treated.” [pregnant woman]. 

Pregnant women were unanimous in characterizing malaria as a disease widely known to attack 

everybody, and they perceived mosquito bites as the main cause of infection. A dirty environment with 

stagnant water was also mentioned as an important cause of malaria infection as it can increase mosquito 

population. The study participants correctly observed that malaria infection can cause anemia and death, 

and perceived pregnant women and children as the groups most at risk for malaria infection and adverse 

consequences. However, when asked about the specific deleterious effects of MiP, very few (10.9%, 5/46) 

were able to mention these.  

“Pregnant women are the people who can contract muntzototo (malaria) very easily, I do not know how to explain 

this, but this is the period of conceiving another life”- [pregnant woman]. 

Most of the women (89.1%) were aware that malaria is preventable and recognized that the importance of 

keeping the house clean and using mosquito nets. Their beliefs about malaria prevention encompass 

hygiene, a clean environment, and use of mosquito nets, but they did mention the use of medicines such 

as tablets. 

“We have to clean up where we live, especially when sleeping, windows must be closed and people should sleep under 

a mosquito net"- [pregnant woman]. 

More than half women (56.5%, 26/46) mentioned having heard about drugs given at the ANC clinic to 

prevent diseases in general during pregnancy, but most of them were unable to mention either the names 

of the drugs or the reasons they were given. They mentioned having received "comprimidos" (Portuguese 

word for tablets) to refer to the three drugs given to pregnant women during ANC malaria prevention 

visits, although very few were able to specify which tablet. Just 10.8% named it as Fansidar, a commercial 

name for SP. In order to further explore the topic of IPTp, the interviewer referred to SP as ''the white 

tablets given to pregnant women and normally taken in front of the nurse''. 
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"I did not know the reason I was given these tablets. They only told me to take three tablets, and then gave me some 

more "comprimidos vermelhos"(red tablets), which refers to iron supplement tablets”- [pregnant woman]. 

When the women who mentioned that they had received IPTp-SP were asked why they had taken the 

treatment, some of them said that they had started it because they were sick, that they did not want their 

baby to be born sick, and that they wanted to prevent the baby from getting other diseases. However, they 

had no detailed knowledge about the recommended dosage. 

“I went early to my first antenatal care visit to know if I had any diseases, to get checked, and receive drugs for 

malaria prevention in order to protect my baby. We cannot allow many months to pass without preventing malaria 

because if you do this when you are already sick the child can suffer and the doctors cannot do anything.” [pregnant 

woman] 

3.5.3. Experiences with ANC services and perceptions of service quality among pregnant women 

Experiences with ANC visits and perceptions of quality were positive. Those interviewed largely said that 

they had good interactions with the staff at the health care facility, were given information about malaria 

and how to prevent it, and were offered HIV testing. There were, however, also some negative 

experiences. Some women mentioned that information about malaria and other important health issues 

should be given not only through counseling during visits to the clinic but also during daily lectures at 

the start of working days held at the health centers. Others mentioned having been given tablets but 

without any explanation.  

“They said we have to come to the hospital for antenatal care and for counselling. I registered and was tested for HIV 

and the result was negative. The nurse gave me all the information and offered me tablets. She also provided me 

ferrous salt and told me to take it once a day, I also received a mosquito net”- [pregnant woman]. 

“Were you given any explanation about the benefits of taking those tablets?” [interviewer]  

“No, I was only given the tablets and I accepted. They did not explain anything to me, they just gave them and said 

you have to swallow them here.”- [pregnant woman] 

The women also complained of long waiting times and mentioned that these delays influenced their 

uptake of ANC services. This was a particularly important factor for patients living far from the health 

facility, especially if they had other children under their care. One pregnant woman who had her first 

ANC visit at six months of gestation, said: 
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" This [waiting time] makes it a bit difficult because I live far away from the health center when I imagine that I will 

stay here for a long time I give up"- [pregnant woman]. 

3.5.4. Perceptions of challenges for IPTp-SP delivery among nurses 

Although (76.1%, 35/46) of pregnant women interviewed mentioned having received three white tablets 

at least once during ANC visits, the nurses claimed that women do not receive the recommended three or 

more doses of IPTp-SP during the gestational period. This was explained by the nurses in part by the fact 

that pregnant women delay seeking care and receive first dose very late into the pregnancy (at 7-8 months 

of gestation), meaning that they do not have enough time to complete the recommended dosage.  

"Women come for the first ANC visit at thirteen weeks of pregnancy and may receive up to three doses, but in most 

of the cases, women books first visit at eight months. These will not complete the recommended doses "- [maternal 

and child nurse]. 

The main barrier to the effective delivery of health services such as IPTp-SP in the opinion of the nurses 

interviewed was the high patient load. The nurses recognized that in most cases SP tablets are given to 

pregnant women without any explanation about their purpose or benefits because the staff are overloaded 

with patients and are “forced” to perform quick consultations in order to manage the pressure they are 

under. 

"Usually, we are overworked, with much to do.... And when the women come for a prenatal consultation, I often just 

give the tablets for malaria prevention, sometimes even without explaining carefully the details "- [maternal and 

child nurse]. 

"The person [pregnant women] says that [...] I cannot come to the hospital soon because it gets very crowded, so I 

prefer to come here just for delivery"- [maternal and child nurse]. 

The nurses also mentioned that IPTp-SP uptake was influenced by the lack of educational materials such 

as pamphlets, pictures or figures on MiP and its consequences as this made it difficult for them to inform 

future mothers on the beneficial effect of this treatment.  

“It is difficult to notice that pregnant women who are at higher risk who do not seek treatment or do not take the 

completed IPTp dosage. Perhaps if we had some illustrative pictures or images of a person who did not take complete 

treatment, it would be helpful. I think that this is a bit of a perception because some do not complete the recommended 

dosage because they think the tablets are strong, in this way even with our counselling, women will not complete the 

dosage”. - [maternal and child nurse]. 
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3.6. Discussion 

This qualitative study investigating perceptions and opinions of key informant groups (pregnant women 

and health workers) in the Chókwè district provides insights that should prove valuable for informing 

strategies within the national malaria control program aimed at improving IPTp-SP delivery and uptake. 

Our findings support quantitative findings from the study that was undertaken in parallel to this study 

with regard to IPTp-SP coverage among pregnant women at delivery that reported similarly low levels of 

awareness and knowledge of IPTp for malaria prevention in the same area [18].  

 

Although women perceived malaria as one of the main diseases affecting the local population, they did 

not appear to be aware of the risk and specific deleterious effects posed by MiP to both them and the fetus. 

This observation is consistent with reports from another study conducted in Manhiça district, southern 

Mozambique that pregnant women were not fully aware of adverse maternal and birth outcomes 

associated with malaria [10]. The low awareness of malaria risk and its adverse consequences during 

pregnancy observed in this study might negatively influence adherence to IPTp-SP and general malaria 

prevention interventions. It also suggests the need for better strategies at ANC clinics and in the 

community to increase awareness about the risk and consequences of MiP and the benefits of SP and other 

MiP prevention strategies [21,22]. In this respect, however, a closer analysis of the contents and format of 

the health education sessions and other sources of information in the community is necessary. 

 

Women recognized the importance of keeping their homes clean and using mosquito nets as a means of 

preventing malaria. However, they failed to fully recognize the value of medicines/tablets, such as IPTp-

SP for MiP prevention, supporting findings from Kenya [23]. The results of the present study can be 

considered robust, as women failed to mention IPTp-SP not only when discussing malaria prevention 

approaches in general, but also were probed about SP in particular. Similar findings were reported in a 

systematic review of factors affecting access to and delivery and use of MiP prevention strategies in sub-

Saharan Africa, in which the majority of women were found to be unaware of the use and benefits of IPTp-

SP for this purpose [21]. Health services specifically targeting pregnant women and strategies to 

encourage them to attend ANC visits would appear to be essential. In addition, health promotion 

programmers need to ensure that women and other community members are provided with accurate 

information on MiP prevention measures to reinforce attitudes on IPTp-SP uptake. 
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Although most of the pregnant women interviewed had not heard of IPTp-SP for malaria prevention, they 

did remember that they had been given a drug during ANC visits. While some of them could not 

remember the name of the drug or were not aware that it was for preventing malaria, they were able to 

describe the three white tablets they had taken in front of the nurse. Previous studies in Africa have found 

perceptions of adverse reactions to drugs to be important determinant of treatment adherence [10,11,24]. 

In this study, there were no indications that perceived adverse reactions had a negative influence on 

adherence, since none of the respondents expressed concerns over the safety of IPTp-SP.  

 

The women interviewed recognized that health workers were “well-intentioned” during ANC visits, 

although they did mention some negative aspects that could be barriers to IPTp-SP delivery. Particular 

mention was made of the practice of giving SP tablets to pregnant women without an explanation about 

what the tablets were for. Other important factors mentioned by the pregnant women and nurses as 

potential barriers to the use of ANC services and uptake of IPTp-SP were long waiting times and absence 

of supporting materials such as illustrative pictures or images and pamphlets to use during health 

education sessions. These observations are consistent with reports from many settings in sub-Saharian 

Africa [11,23,25–27] and add to the growing body of evidence calling for improvements in the quality of 

ANC in the study area and in Mozambique in general. 

 

Individual barriers to adequate IPTp-SP uptake mentioned by the nurses interviewed were late and 

irregular ANC attendance. The impact of late and irregular attendance to ANC visits by pregnant women 

has been reported elsewhere [28]. Similarly, studies in Uganda and Mali also found that late and irregular 

ANC attendance were important factors influencing poor uptake of IPTp-SP and other malaria prevention 

measures [29,30]. A better understanding of the factors that deter early ANC-seeking behaviors during 

pregnancy is essential for improving IPTp-SP coverage. Some studies have reported a link between late 

and irregular ANC attendance and cultural beliefs among pregnant women, including, for example, a 

reluctance to disclose their pregnancy in the early stages, particularly among adolescents, the tendency to 

only start attending ANC visits when the belly is visible (generally after month 5), and a tendency to only 

seek help when sick [14,29,30]. 

 

Missed opportunities have also been shown to be important barriers to adequate IPTp uptake [7].  

Although data show that the vast majority of pregnant women in the Gaza province of Mozambique 

attend four ANC visits [17], the particularly low attendance reported by health workers in the Chókwè 

district in this study is consistent with reports from the same area [18]. It should be noted, however, that 
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since no SP stockouts have been observed in the Chókwè district, it is possible that women were not 

always supplied with IPTp-SP during their ANC visits, as has been previously reported [8,30].  

Challenges for effective IPTp-SP delivery mentioned by the nurses interviewed included high patient and 

workloads. This “overload” offers some explanation as to why women are not always given detailed 

information about MiP and IPTp strategies during the ANC visits and this lack of information is likely to 

be associated with poor uptake of MiP prevention measures in general [31]. Our observations in this 

respect suggest that adequate deployment of health staff is needed to counteract the high workload 

mentioned and to ensure the quality of health services provided. 

Our study findings should be interpreted in light of several limitations: First, the interview with the 

pregnant women were held at the health facility attended by the women. Some of the women therefore 

may not have felt entirely comfortable with openly giving their opinions on the questions raised by the 

interviewer. The selection of participants also meant that we missed out on insights from pregnant women 

in the community who do not attend ANC visits. Finally, we did not collect data through focal group 

discussions, which would have enabled us to explore in greater depth experiences and beliefs concerning 

access to and use of IPTp-SP access among different population strata in the community. Future research, 

however, could explore further dimensions of factors influencing the delivery of preventive interventions 

for MiP. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 130  

 

3.7. Conclusions 

This study has shown that access to and use of IPTp-SP in the rural Chókwè district of Mozambique are 

affected by various social factors, but in particular by poor awareness of the risks and consequences of 

MiP and the specific benefits of IPTp-SP and delayed ANC attendance. Health system barriers such as 

long wait times and high patient loads resulting in insufficient time for proper counseling were also shown 

to negatively influence IPTp-SP uptake. Intensive health education within the community and other 

strategies to increase awareness among women are necessary to improve the delivery of MiP prevention 

interventions. It is also important to ensure better communication between health service providers and 

ANC clients and to promote a better understanding of national ANC and IPTp policies. 
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S1 Table Factors limiting the access to IPTp intervention for malaria prevention in pregnancy. 

 

Themes  Sub-themes and quotations from study participants 

General perceptions about diseases   
Perceptions of malaria and IPTp-SP To know about malaria as important diseases affecting populations. 

“I know about muntzototo (malaria) is the main health problem during rainy season. I got 

muntzototo (malaria) more than once, but I always got treated”[pregnant woman] 
Malaria risk groups and its adverse consequences to pregnant women and 
children 
 “Pregnant women are the people who can contract muntzototo (malaria) very easily, I 

do not know how to explain this, but this is the period of conceiving another life.” 

[pregnant woman] 
To test knowledge about malaria prevention 
“We have to clean up where we live, especially when sleeping, windows must be closed 

and people should sleep under a mosquito net." [pregnant woman]  
To test on Pregnant women perceptions about IPTp  
"I did not know the reason I was given these tablets. They only told me to take three 

tablets, and then gave me some more "comprimidos vermelho"(red tablets), which refers 

to iron supplement tablets” [pregnant woman]  
 

“I went early to my first antenatal care visit to know if I had any diseases, to get checked, 

and receive drugs for malaria prevention in order to protect my baby. We cannot allow 

many months to pass without preventing malaria because if you do this when you are 

already sick the child can suffer and the doctors cannot do anything.” [pregnant 
woman] 

Pregnant women experiences and 
perceptions of ANC service quality 

To test on Pregnant women perceptions about ANC service quality 
“They said we have to come to the hospital for antenatal care and for counseling. I 

registered and was tested for HIV and the result was negative. The nurse gave me all the 

information and offered me tablets. She also provided me ferrous salt and told me to take 

it once a day, I also received a mosquito net.” pregnant woman] 
 

 “Were you given any explanation about the benefits of taking those tablets?” 
[interviewer] 
 

“No, I was only given the tablets and I accepted. They did not explain anything to me, 

they just gave them and said you have to swallow them here.” [pregnant woman] 
 

" This [waiting time] makes it a bit difficult because I live far away from the health center 

when I imagine that I will stay here for a long time I give up"- [pregnant woman] 
Health providers perceptions of 
challenges for IPTp-SP delivery 

" Women come for the first ANC visit at thirteen weeks of pregnancy and may receive 

up to three doses, but in most cases, women book their first visit at eight months. These 

will not complete the recommended doses." [maternal and child nurse] 
"Usually, we are overloaded, with much to do.... And when the women come for a 

prenatal consultation, I often just give the tablets for malaria prevention, sometimes even 

without explaining carefully the details." [maternal and child nurse] 
"The person [pregnant women] says that [...] I cannot come to the hospital soon because 

it gets very crowded, so I prefer to come here just for delivery." [maternal and child 
nurse] 

“It is difficult to notice pregnant women who are at higher risk who do not seek treatment 

or do not take the completed IPTp dosage. Perhaps if we had some illustrative pictures or 

images of a person who did not take the complete treatment, it would be helpful. I think 

that this is a bit of a perception because some do not complete the recommended dosage 

because they think the tablets are strong, in this way even with our counseling, women 

will not complete the dosage.” [maternal and child nurse] 

 

 

 

 



 

 135  

 

 

S1 Form Interview guide with Pregnant women 

 
(a) General perception of diseases affecting the population in the study area among pregnant women 

What are the most common diseases in pregnant women and children in your community? 
a) What are the most frequent illnesses in raining season? 
b) What are the most frequent diseases in cold season? 
c) What should a pregnant woman do to protect herself from getting diseases? 
b)  Perceptions of malaria and IPTp-SP among pregnant women  
What is your knowledge about malaria? 
→ Explore the following aspects:  
 Transmission and prevention methods 
- If there are no mosquitoes can you still get malaria? 
 Main symptoms and treatment 
- How does a person perceive that they have malaria? 
 Causes and consequences/effects 
- What is your perception about the risk of getting malaria during pregnancy? 
- Do you think pregnant women are more vulnerable than others to get malaria? Why? 
- How pregnant women feel when she has malaria, what can happen to her and to the baby? 
What are the malaria prevention methods you know? 
Probe: 
- What malaria prevention methods have you been using? 

- Did hear about any medicines that are used to prevent malaria during pregnancy? 

 If YES → Which one? (name it), What color were the medicines? 

- Where you had that information? 
- Have you ever received antimalarial tablets during your pregnancy? 
- If yes, where and how many tablets? 
- What are the advantages can this medication bring to the pregnant women? 
- Did you notice any side effect after taking the tablets? 
- IF YOU DID NOT TAKE ... → Why did you never take it? 
 

c) Experiences with ANC services and perceptions of service quality among pregnant women 
          -  What motivated you to came for antenatal consultation? 
          -  Do you think you came early or late to this antenatal consultation 
          - How many time did you come for antenatal consultation? 

- What did the nurse do to you during this consultation? 
- Do you remember about anything about malaria that you have told during the consultation? 
If yes. → Can you tell what they told you? 

-  Did you receive any medication?  

- How many tables you received? 

 - Did the nurse explain to you the propose of taking that medicines? 
 → If no, why you didn’t consult? 

 
Have you talked to the nurse during the consultation? 
-  What have you talked about with her? 
-   If No, why you never talk to the nurse? 
- In general, what is your opinion about the qualities of the services provided to you as pregnant women in the 
antenatal consultations in your health unit? 
- Would you like to say something more about the ANC services in this health center? 
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S2 Form Interview guide with Nurses of Maternal Child Health 

 

 
Perceptions of challenges for IPTp-SP delivery among nurses 
 
A1. On average how many pregnant women do you attend per day? 

a) In which gestational age the women normally appear for the first ANC consultation? 
b) How many ANC visits they normally do? 

A2. Are there any criteria for administering antimalarial drug to prevent malaria in pregnant women? 
A3. At what gestational age do you recommend them start taking antimalarial drug to prevent malaria?? 
A4. How frequent are malaria cases in pregnant women? 
A5. Which period you have seen the highest number of malaria tested women? 
a) Of those tested on a given day, how many of them have the positive diagnosis? 
b) What procedures do follow when a woman has tested positive? 
A6. Are antimalarial drugs administered at the clinic or the women has to pick the up at the pharmacy?  

a) How long does the process of the consultation and antimalarial administration usually last? 
A7. Is there any explanation given to pregnant women during drug administration? 
→ If yes, what do they explain exactly? 
→ If not, why not? 
A8. What do you think about pregnant women knowledge about importance of using antimalarial drugs during 
pregnancy? 
a and how do you come to that perception? 
b) Has any pregnant women ever refused to take this antimalarial drugs? 
→ If yes, what are the reasons? 
A9.  In general, how many pregnant women receive the recommended dosage of IPTp? 
 
A10. What are the difficulties you are facing to get pregnant women comply with the recommended dosage of IPTp? 
→ Difficulties of the system; 
→ Difficulties of the behavior of the providers; Difficulty of patient behavior. 
(Detail) 
A11. Have you ever had some antimalarial stockouts? 
A12. What is your perception about community perception about malaria prevention in this area? 
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4.1. Abstract   

 
The emergence of super-resistant parasites threatens the effectiveness of intermittent preventive treatment 

for malaria in pregnancy with sulfadoxine-pyrimethamine (IPTp-SP). We used molecular methods to 

examine 100 Plasmodium falciparum isolates collected from women at delivery in Chókwè, southern 

Mozambique, to determine polymorphisms in Plasmodium falciparum dihydrofolate reductase (Pfdhfr) and 

dihydropteroate synthetase (Pfdhps) genes as well as the presence of gametocytes identified by RT-qPCR. 

Overall, 55% and 8% of parasites harbored pfdhfr/pfdhps, quintuple, and sextuple mutant haplotypes, 

respectively. Mutant haplotypes and the number of received SP doses were unrelated to adverse 

pregnancy outcomes. Gametocytes were detected in 32% of isolates; 93.9% of carriers harbored 

submicroscopic densities. Compared with infections with lower parasite densities, infections with ≥ 

100p/μL were associated with gametocyte carriage. Results highlight the urgent need to evaluate 

alternative drugs or strategies to IPTp-SP in Mozambique in order to efficiently protect pregnant women 

and their offspring against the adverse effects of malaria in pregnancy. 
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4.2. Background  

Malaria remains a major cause of maternal and perinatal morbidity and mortality in sub-Saharan Africa 

(SSA). Approximately 32 million pregnant women in SSA are at risk of acquiring Plasmodium falciparum 

(P. falciparum) malaria each year (1). 

Current interventions to prevent malaria in pregnancy (MiP) and its adverse effects include the use of 

insecticide-treated bed nets (ITNs), timely treatment with effective antimalarial drugs, and administration 

of intermittent preventive treatment in pregnancy with sulfadoxine-pyrimethamine (IPTp-SP). IPTp-SP 

should be given at least three times during pregnancy, with doses one month apart, at antenatal care visits 

(ANC) (2). Unfortunately, the effectiveness of SP is being threatened by the emergence and spread of SP-

resistant parasites (3). 

The molecular basis of SP resistance is a combination of single-nucleotide polymorphisms in the P. 

falciparum dihydrofolate reductase (Pfdhfr) and dihydropteroate synthetase (Pfdhps) genes coding for the 

enzymes targeted by SP. An increased number of point mutations in the pfdhfr and pfdhps genes is 

associated with increased SP resistance (4). Thus, the quintuple mutant parasite, which carries pfdhfr 

substitutions N51I, C59R and S108N and pfdhps substitutions A437G and K540E, has been shown to confer 

higher risk of SP treatment failure in malaria-infected children (5) and to reduce the prophylactic period 

provided by this drug among pregnant women (6), although protection against low birth weight (LBW) 

is sustained (6,7). However, emergence of the pfdhps A581G mutation in a quintuple mutant background, 

(the so called super-resistant parasite phenotype) (8, 9) has led to reduction of IPTp-SP effectiveness 

(exacerbating placental malaria in women receiving IPTp-SP) (10) and, worryingly, a loss of protection 

against LBW in areas where sextuple-mutant parasites are common (3,11). In addition, progressive 

accumulation of additional mutations occurring at pfdhfr (I164L) and pfdhps (S436F and A613S) codons 

have been associated with high levels of resistance to SP (12), chlorproguanil dapsone (13) and artesunate 

dapsone proguanil (14).  

In Mozambique, the prevalence of pfdhfr/pfdhps quintuple mutant haplotypes rose from approximately 

25% in children and adults to 78% in children under five years between 2001 and 2003 in the provinces of 

Maputo and Gaza in 2010 (15,16). In addition, carriage of the pfdhps A437G and K540E mutations in the 

Manhiça district in 2015 was estimated at 83.8% and 82.2%, respectively (17). Just one study conducted in 

2010 has investigated the prevalence of dhfr/dhps mutations in pregnant women from Mozambique (18). 

The authors analyzed peripheral blood samples and reported a prevalence of approximately 24% for the 

quintuple mutant haplotype. By comparison, just 1 in 60 samples were found to carry the A581G mutation. 

Other mutations at pfdhps codons I164L and A613S have not been found in Mozambique. 
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SP use has been associated with increased microscopic and submicroscopic gametocyte carriage at 

densities that are sufficient to infect the Anopheles vector (19-20). However, whether increased 

gametocyte density is effectively translated to higher infectiousness is controversial (21, 22). Clarifying a 

potential role of IPTp-SP in the transmission is relevant and needed in particular in the elimination 

context, where pregnant women are increasingly considered potential reservoirs of malaria transmission 

(22) due to their increased susceptibility to malaria infections and the ability of parasites to sequester in 

the placental tissue (23). 

In this study, we assessed the frequency of dhfr/dhps mutations in P. falciparum parasites collected from 

pregnant women at delivery in the rural Chókwè district. We analyzed the associations between mutant 

haplotypes and parasitological and pregnancy outcomes as well as the impact of IPTp-SP on gametocyte 

carriage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 141  

 

4.3. Materials and Methods 

4.3.1. Study site and population 

We performed a descriptive observational study on blood samples collected from 914 pregnant women at 

delivery in the Chókwè district, Southern Mozambique during a hospital survey conducted between June 

2014 and June 2015. Details on the study site and study population have been described elsewhere (24). 

Briefly, the area is characterized by perennial malaria transmission and prevalence of P. falciparum 

infection in pregnant women at delivery of 16.8% by qPCR (24). To determine molecular markers of drug 

resistance, we genotyped peripheral blood samples from 100 pregnant women, who were found infected 

with P. falciparum in the analyzed samples collected during the survey. The survey aimed to assess the 

frequency and factors associated with malaria infection in pregnant women at delivery. The National 

Mozambican Ethics review committee (CNBS) (IRB 00002657) and the institutional review boards (IRBs) 

of the Institute of Tropical Medicine (IRB AB/ac/059) and the University of Antwerp (IRB B300201421228) 

approved the study. Signed written informed consent was obtained from all participants or their 

representatives.  

4.3.2. Laboratory methods 

DNA was extracted from 200μL of venous blood collected in EDTA anti-coagulant using the QIAamp 96-

well Genomic DNA Extraction Kit (QIAGEN, Germany) and re-suspended in 200μL of water (24). Real-

time quantitative polymerase chain reaction (qPCR) targeting the P. falciparum var genes acidic terminal 

sequence (varATS) was used to screen for P. falciparum DNA following a previously described method 

(25). 

To genotype polymorphisms at the pfdhfr loci (N51I, C59R, S108N, and I164L) and the pfdhps loci (S436F, 

A437G, K540E, A581G, and A613S), we amplified DNA templates on a Biometra T professional gradient 

Thermocycler (Thistle Scientific Ltd, UK) by PCR-restriction fragment length polymorphism (PCR-RFLP) 

using primers and nested-PCR protocols described elsewhere (26,27) (Technical Appendix). Restriction 

enzyme digestions of 5μL of DNA template were performed in a final reaction volume of 15μL according 

to the manufacturer's instructions (New England Biolabs, Beverly, MA). Plasmid controls obtained from 

MR4-Bei resources (https://www.beiresources.org/MR4Home.aspx) were used as wild-type and mutant 

controls (Technical Appendix). A sub-set (n=36) of PCR-RFLP results were confirmed by Sequenom 

genotyping as part of the SpotMalaria project, Wellcome Sanger Institute (Cambridge, UK) (Technical 

Appendix) or Sanger sequencing. This included all samples with mixed pattern in the PCR-RFLP 

genotyping.  
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To determine the multiplicity of infection (MOI) P. falciparum merozoite protein 1 (pfmsp1) and pfmsp2 

were amplified by PCR and analyzed by capillary electrophoresis (Genoscreen, Lille, France) (28). The 

detection of one allelic family was considered an infection with one genotype. MOI was defined as the 

highest frequency of pfmsp1 or pfmsp2 alleles in a single blood sample (28, 29). 

Mature P. falciparum gametocytes were detected in peripheral blood smears by light microscopy (LM) as 

previously described (24), as well as in RNA extracted from whole blood using one-step reverse 

transcription qPCR (RT-qPCR) targeting Pfs25 gametocyte-specific transcripts (30, 31) (Technical 

Appendix). 

4.3.3. Data analysis 

Data were analyzed using STATA version 14.2 (Stata Corp, College Station, TX, USA). Frequencies of 

point mutations, haplotypes, and gametocyte carriers were determined both overall and stratified by IPTp 

uptake (number of doses). Parity was categorized as primigravidae (first pregnancy) and multigravidae 

(two or more pregnancies). Low birth weight was defined as birth weight at delivery less than 2500g, Age 

was categorized as < 20 and ≥ 20 years old. Categorical variables were compared using the χ2 or Fisher 

exact test, while continuous variables were compared using the t-test and Kruskal-Wallis test. Univariate 

and multivariate Logistic regression analyses were performed to examine risk factors associated with 

resistant mutant haplotypes and gametocyte carriage and the effect of mutant haplotypes on pregnancy 

outcomes. Binary variables for mutant haplotypes were defined as those carrying a specific mutation or 

haplotype versus all the others. A significance level of p = 0.05 was used in all analyses. 

 

 

 

 

 

 

 

 

 

 

 



 

 143  

 

4.4. Results 

4.4.1. Characteristics of the study participants 

The demographic and parasitological characteristics of 100 pregnant women genotyped in the study are 

described in Table 1. 73.0% (73/100) had submicroscopic P. falciparum infections (positive qPCR and 

negative LM) at delivery. More than half of the women (54%, 54/100) received ≥3 IPTp-SP doses. 

Submicroscopic infections were observed in 75.6% (65/86) of pregnant women who had received at least 

one IPTp-SP dose and in 57.1% (8/14) of those who had not received any.  

MOI was successfully determined in 87% of the isolates and the mean MOI was 3.12 clones/isolate (range, 

1.0–7.0 clones/isolate), and polyclonal infections were found in 89.7% of cases (78/87). 

 

Table 1. Demographic and parasitological characteristics of the study population 

Characteristics Values (N = 100) 

Age, year, median (IQR) 20 (18–27.5) 

Gestational age, weeks (IQR) 38 [37-40] 

Education  

None/primary  53 (53.0%) 

Secondary 47 (47.0%) 

Place of residence  

Urban 57 (57.0%) 

Rural 43 (43.0%) 

Gravidity  

Primigravidae (1) 45 (45.0%) 

Multigravidae (≥2) 55 (55.0%) 

No. IPTp-SP doses received  

None 12 (12.0%) 

1 dose 11 (11.0%) 

2 doses 23 (23.0%) 

≥3 doses 54 (54.0%) 

Timing of first ANC visit  

<28 weeks 93 (93.0%) 

≥28 weeks 7 (7.0%) 
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Table 1. (Continued)  

Bed net use  

Yes 89 (89.0%) 

No 11 (11.0%) 

Malaria during pregnancy  

No 81 (81.0%) 

Yes 19 (19.0%) 

P. falciparum infection  

Microscopic 27 (27.0%) 

Submicroscopic 73 (73.0%) 

Parasitemia p/μL, median (IQR) 3.1 [0.18-367.9] 

Parasitemia subgroups p/µL  

<100 p/μL 67 (67.0%) 

≥100 p/μL 33 (33.0%) 

Placental malaria (by histology)  

Yes 28 (28.0%) 

No 72 (72.0%) 

Maternal anemia at delivery (n = 98)   

Hb <11g/dL 51 (52.0%) 

Hb ≥ 11g/dL 47 (48.0%) 

Birth weight (BW)  

BW <2500g 8 (8.0%) 

BW ≥ 2500g 92 (92.0%) 

Multiplicity of Infections (n=87)  

MOI, mean [range] 3.12 [1.0–7.0] 

MOI =1 9 (10.3%) 

MOI ≥ 2 78 (89.7%) 

ANC, antenatal care; Hb, hemoglobin; IQR, interquartile range; IPTp-SP, intermittent preventive treatment in 

pregnancy with sulfadoxine-pyrimethamine. 
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4.4.2. Frequency of P. falciparum dhfr/dhps alleles 

Mutations in the pfdhfr gene were found in 92% of isolates, with frequencies of 89% for N51I, 86% for 

C59R, 90% for S108N, and 2% for I164L (Technical Appendix Table 2). 90% of the isolates carried the pfdhfr 

triple mutant haplotype (IRN [N51I, C59R, S108N]) with two of them carrying the additional I164L 

mutation. On the other hand, pfdhps mutations were found in 91.0% of isolates. Mutations at codon A437G 

and K540E were detected in 74% and 79% of isolates, respectively, while the double mutation (GE [A437G, 

K540E]) was detected in 72%. Mutation A581G (which defines the emergence of sextuple mutant parasites) 

was found for the first time in Mozambique in 14% of isolates (Technical Appendix Table 2), 78.5% (11/14) 

of which carried the triple mutant haplotype (SGEG [A437G, K540E, and A581G]). Only one mutation was 

observed at dhps codon S436F, while no mutations were observed in the A613S codon. 

After combining pfdhfr-pfdhps haplotypes (Table 2), quintuple haplotype (IRNI-SGEA), which is predictive 

of a fully resistant phenotype was observed in 55% (55/100) of the isolates. The sextuple mutant haplotype 

(IRN-SGEG), which predicts a super-resistance phenotype, was observed for the first time in 8% (8/100) 

of isolates. The 581 mutation in all sextuple mutated was confirmed by Sanger sequencing (Technical 

Appendix Figure 1). 

Additional markers of drug resistance in pfcrt and pfmdr1 gene were identified in 14.3% [10/70] and 44.3% 

[31/70] of samples, respectively. Among the polymorphisms in the pfcrt gene, mutant alleles K76T and 

N86Y were detected at 12.7% and 4.3%, while in the pfmdr1, the mutant alleles Y184F and D1246Y were 

detected at 40% and 4.3%, respectively (Technical Appendix, Table 2). 
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Table 2. The pattern of combined P. falciparum dhfr–dhps haplotypes 

Pfdhps haplotypes Pfdhfr haplotypes 

  Wild-type Single Double Triple  TOTAL 

  NCSI ICSI ICNI IRSI NRNI IRNI IRNL  

Wild-type SAKA 3 0 2 0 1 9 0 15 

Single SAKG 0 0 0 0 0 1 0 1 

 SGKA 2 0 0 0 0 0 1 3 

SAEA 1 0 1 0 0 6 1 9 

Double SGEA 1 0 0 1 1 55ǂ 0 58 

 SGKG 0 1 0 0 0 0 0 1 

 SAEG 0 0 1 0 0 0 0 1 

FGKA 0 0 0 0 0 1 0 1 

Triple SGEG 1 0 1 0 1 8¶ 0 11 

TOTAL  8 1 5 1 3 80 2 100 

The absolute number of P. falciparum dhfr–dhps haplotypes in the samples successfully analyzed (n = 100). Of all the 

combined haplotypes, the quintuple IRNI-SGEA, sextuple IRNI-AGEG, quadruple IRNI-SAEA were more 

frequently detected. Bold underline indicates the amino acid changes, while SAKA and NCSI represent the 

wildtype haplotype for pfdhps and pfdhfr, respectively, ǂ Quintuple mutant parasites,  

 ¶ Sextuple mutant parasites 

 

4.4.3. Risk factors for carriage of quintuple and sextuple mutated parasites 

Univariate analysis was conducted separately for quintuple and sextuple mutants as shown in Technical 

Appendix Table 4. The variables included in multivariate models are shown in Table 3. Higher IPTp-SP 

dose uptake was not associated with carriage of quintuple and sextuple mutated parasites. However, 

pregnant women with high parasite densities at delivery (peripheral parasite density ≥100p/μL) had a 

higher odd (OR = 15.2, p < 0.001) of being infected with quintuple mutant parasites (IRNI-SGEA). 

However, this association was not observed with the sextuple haplotype. 
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Table 3. Multivariate analysis of risk factors associated with carriage of quintuple and sextuple haplotypes 

(N = 100) 

  Quintuple Haplotype (n = 55) § Sextuple Haplotype (n = 8) § 

Variable N n, [%] OR 95% CI p value n, [%] OR  95%CI p value 

Age (years)          

< 20 40 23 (57.5) 1.4 0.4-5.4 0.56 1 (2.5) 0.2 0.1-3.1 0.27 

≥ 20 60 32 (53.3)    Ref   7 (11.7)    Ref   

Education          

None/primary  53 34 (64.1) 1.5 0.5-3.9 0.42 5 (9.4) 1.9 0.3-10.6 0.43 

Secondary 47 21 (44.7)  Ref  3 (6.4)    Ref   

Place of residence          

Urban 57 26 (45.6)  Ref  7 (12.3)  Ref  

Rural  43 29 (67.4) 1.7 0.6-4.7 0.27 1 (2.3) 0.4 0.01-12 0.06 

Gravidity          

Primigravidae (1) 45 24 (53.3) 0.6 0.2-2.4 0.48 2 (4.4) 1.1 0.1-9.1 0.92 

Multigravidae (≥2) 55 31 (56.4)    Ref   6 (10.9)    Ref   

No. IPTp doses received          

< 3 doses 46 27 (58.7)  Ref  4 (8.6)  Ref  

≥ 3 doses 54 28 (51.8) 1.1 0.3-2.8 0.92 4 (7.4) 1.7 0.3-9.5 0.51 

Malaria during pregnancy           

Yes 19 14 (73.6) 2.3 0.6-8.1 0.22 3 (15.8) 4.0 0.6-26 0.14 

No 81 41 (48.8)    Ref   5 (6.2)    Ref   

Parasite density, p/µLᴪ          

<100 p/μL 67 25 (37.3)  Ref  7 (10.4)  Ref  

≥100 p/μL 33 30 (90.9) 15.2 4.0-57 <0.001 1 (3.0) 0.2 0.02-2.4 0.23 

§ Adjusted for significant variables in the multivariate analysis (education, place of residence and parasite density) 

and variables with biological relevance (age, gravidity, IPTp uptake, malaria infection during pregnancy),  

ᴪ Peripheral parasite density, Boldface indicates statistical significance (p<0.05). 

 

 

 

 

 



 

 148  

 

4.4.4. Effect of carrying quintuple and sextuple mutated parasites on Pregnancy Outcomes 

There were no statistically significant differences in the characteristics of women with adverse pregnancy 

outcome (LBW, placental malaria and pre-term delivery) and those without adverse pregnancy outcomes 

with respect to age, education, residence place and gravidity (Technical Appendix Table 5). Of the 55 

women with quintuple haplotype infections and 8 with sextuple haplotype infections, six and one, 

respectively, delivered newborns with LBW. The proportion of LBW was also similar between the women 

with a parasite density of <100p/μL and ≥100p/μL. There was a significant trend toward decreased birth 

weight with increasing numbers of IPTp-SP doses received (Technical Appendix Table 5). This was 

explained by the fact that newborns of the mothers who received <3 IPTp-SP doses had much higher 

birthweights than newborns of mothers who received ≥ 3 doses (median 3,100g vs. 2,950g, respectively; 

Kruskal-Wallis rank test, p = 0.002). However, when the effect on birth weight was further analyzed by 

using logistic regression analysis, adjusted for other covariates, no association between the uptake of 

IPTp-SP doses and newborn birth weight was observed (Table 4). Similarly, no association between LBW 

and quintuple haplotype infection and sextuple haplotype infections (which have a very low prevalence) 

was observed (Table 4). Women living in urban areas had a significantly higher prevalence of preterm 

delivery than those from rural areas (Technical Appendix Table 5). In the univariate analysis, there was a 

borderline significance toward a higher prevalence of pre-term delivery in women from urban areas 

(p=0.05). However, this effect was not observed in the multivariate model (Table 4). There was also no 

significant association between placental malaria and gestational age with carriage of sextuple and 

quintuple haplotype infections (Table 4). 
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Table 4. Effect of mutant haplotypes on adverse pregnancy outcomes in Chókwè district (N = 100)* (Multivariate analysis) 
 

Variable N BW < 2500g Placental malaria¥ Gestational age **(<37wk) 
   n [%] OR [95%CI] p-value  n [%] OR [95%CI] p-value  n [%] OR [95%CI] p-value 

Infecting haplotype, quintuple§           
Yes 55 6 (10.9) 9.1(0.6-119) 0.09 18 (32.7) 1.5(0.5-4.3) 0.4 8 (14.5) 0.4(0.1-1.4) 0.18 
No 47 2 (4.3) Ref  10 (21.3) Ref  13 (0.27) Ref  
Infecting haplotype, sextupleǂ           
Yes 8 1 (12.5) 3.4(0.1-95) 0.46 2 (25.0) 1.3(0.2-9.5) 0.74 3 (0.38) 2.1(0.3-13) 0.44 
No 92 7 (7.6) Ref  26 (28.3) Ref  18 (19.5) Ref  
Age (years)           

< 20 40 2 (5.0) 0.1(0.01-2.1) 0.16 14 (35.0) 2.6(0.7-9.3) 0.13 10 (25.0) 4.3(0.9-19) 0.06 
≥ 20 60 6 (10.0) Ref  14 (23.3) Ref  11 (18.3) Ref  
Education           

None/primary  53 3 (5.7) 0.2(0.03-1.8) 0.17 17 (32.1) 1.4(0.5-3.7) 0.44 12 (22.6) 1.5(0.5-4.8) 0.41 
Secondary 47 5 (10.6) Ref  11 (23.4) Ref  9 (19.1) Ref  
Place of residence           

Urban 57 7 (12.3) Ref  14 (24.5) Ref  16 (28.1) Ref  
Rural 43 1 (2.3) 0.1(0.01-2.0) 0.16 14 (32.5) 1.3(0.5-3.3) 0.58 5 (11.6) 0.3(0.1-1.2) 0.12 
Gravidity           

Primigravidae (1) 45 4 (8.9) 2.4(0.2-20) 0.41 13 (28.8) 0.6(0.1-2.3) 0.49 9 (20.0) 0.2(0.1-1.3) 0.12 
Multigravidae (≥ 2) 55 4 (7.3) Ref  15 (27.3) Ref  12 (21.8) Ref  

No. IPTp doses received          

< 3 doses 46 1 (2.2) 0.1(0.01-2.1) 0.17 13 (28.3) 0.8(0.3-2.2) 0.76 6 (13.0) 0.3(0.1-1.1) 0.07 
≥ 3 doses 54 7 (12.9) Ref  15 (27.8) Ref  15 (27.8) Ref  
Malaria during pregnancy         
Yes 19 3 (15.7) 3.7(0.5-25) 0.18 6 (31.6) 1.1(0.3-3.7) 0.82  2 (10.5) 0.4(0.1-2.8) 0.42 
No 81 5 (6.2) Ref  22 (27.2) Ref  19 23.5) Ref  

* Effect of carrying mutations on pregnancy outcomes in the multivariate analyses is adjusted for significant variables (education, place of residence and parasite density) and 

variables with biological relevance (age, gravidity, IPTp uptake, malaria infection during pregnancy. ¥ Placental malaria as detected by histology; ᴪ Peripheral parasite density, ** 

Indicates gestational age at delivery. § (IRNI-SGEA, ǂ IRNI-SGEG. Boldface indicates statistical significance (p<0.05). 
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4.4.5. Risk factors for gametocyte carriage  

P. falciparum gametocytes were observed in 32/100 patients by RT-qPCR, but in just 2/100 patients by LM. 

In the multivariate analysis (Table 5), gametocyte carriage at delivery was associated with peripheral 

parasite densities ≥100 p/μL (AOR = 4.5, p = 0.02). There was no association between IPTp uptake (number 

of doses received) and higher gametocyte carriage at delivery, although gametocyte densities were higher 

in women who had received ≥3 IPTp-SP doses (Kruskal-Wallis rank test, p = 0.34) (Technical Appendix, 

Table 6). 
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Table 5  Univariate and multivariate analysis of risk factors associated with gametocyte carriage* (= 100) 

    Gametocyte  

Variable No. Yes no. [%] OR 95%CI p-value AOR 95%CI p-value 

Infecting haplotype, quintuple §       

Yes 55 27 (49.1) 7.7 (2.6-22.6) <0.001 2.9 (0.1-12) 0.14 

No 45 5 (11.1) Ref.  Ref.  

Infecting haplotype, sextuple ǂ       

Yes 8 1 (12.5) 0.2 (0.03-2.4) 0.24 0.8 (0.6-12) 0.9 

No 92 31 33.7 Ref.  Ref  

Age, years       

<20 40 15 (37.5) 1.5 (0.6-3.5) 0.33 1.4 (0.3-7.0) 0.65 

≥20 60 17 (28.3) Ref.  Ref  

Education        

None/primary  53 21 (39.6) 2.1 (0.8-5.1) 0.08 1.7 (0.5-5.6) 0.34 

Secondary 47 11 (23.4) Ref.  Ref.  

Place of residence       

Urban 57 13 (22.8) Ref.  Ref.  

Rural  43 19 (44.2)  2.7 (1.1-6.3) 0.02 1.8 (0.6-5.6) 0.27 

Gravidity       

Primigravidae (1) 45 16 (35.5) 1.3 (0.5-3.1) 0. 49 1.3 (0.2-3.2) 0.68 

Multigravidae (≥2) 55 16 (29.1) Ref.  Ref  

No. IPTp doses received       

< 3 doses 46 16 (34.7) Ref.  Ref.  

≥ 3 doses 54 16 (29.6) 0.7 (0.3-1.8) 0.58 1.0 (0.3-3.2) 0.97 

Malaria during pregnancy       

Yes 19 10 (52.6) 2.9 (1.1-8.3) 0.03 3.2 (0.8-12) 0. 09 

No 81 22 (27.2) Ref  Ref  

Parasite density ¶       

<100 p/μL 67 10 (14.9) Ref.  Ref.  

≥100 p/μL 33 22 (66.7) 11.4 (4.2-30.6) <0.001 4.5 (1.2-15) 0.02 

Placental infection ¥       

Yes 28 16 (57.1) 4.6(1.8-11.8) 0.001 2.7 (0.8-9.2) 0.11 

No 72 16 (22.2) Ref.  Ref.  

* Analysis of risk factors associated with gametocyte carriage in the multivariate analyses is adjusted for all 

variables in the univariate analyses; ¥ Placental malaria as detected by histology; ᴪ Peripheral parasite density, § 

(IRNI-SGEA, ǂ IRNI-SGEG. Boldface indicates statistical significance (p<0.05). 
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4.5 Discussion 

Although SP is no longer advocated for treatment of P. falciparum infections due to widespread resistance, 

IPTp-SP is still recommended for the prevention of MiP in most SSA countries. In areas with a high 

prevalence of pfdhfr/pfdhps mutations thus, regular monitoring of molecular markers of SP effectiveness 

and spread of resistance is necessary (3). In this study, all isolates analyzed from 100 P. falciparum-infected 

pregnant women harbored point mutations in the pfdhfr or pfdhps genes, and we observed, for the first 

time ever in Mozambique, parasites carrying additional mutations at codons I164L and A581G in 2% and 

14% of pregnant women, respectively. 

The combinations of pfdhfr-pfdhps revealed the persistence of quintuple mutant haplotype (IRNI-SGEA 

[N51I, C59R, S108N, A437G, K540E]) (55%) as reported previously (16). Interestingly, sextuple mutant 

haplotype comprising triple mutations in both genes (IRNI-SGEG [N51I, C59R, S108N, A437G, K540E, 

A581G]) was observed in 8% of infections. These results are in contrast to those reported in a recent study 

conducted in Mozambique, which also included samples from the Gaza province, but did not find the 

A581G mutation (17). The study, however, was conducted in children rather than pregnant women. The 

accumulation of SP-resistant mutations in pregnant women has been associated with the selection of 

resistant parasites, possibly as a result of the selective effect of repeated SP use in the context of IPTp (6,32-

36). The studies reporting these results, however, like Minja et al. (11) and Harrington et al. (10), did not 

observe any connection between higher IPTp-SP uptake and a higher prevalence of the A581G (or other) 

mutation. This apparent lack of selective effect in our study could be explained by (i) the cross-sectional 

nature of the data (sample collection only at the moment of delivery) or (ii) saturation of resistant alleles 

in the parasite population.  

The emergence of highly resistant mutations, such as the pfdhfr/pfdhps sextuple haplotypes has 

compromised the effectiveness of the IPTp strategy (10,11), specifically adverse pregnancy outcomes (e.g. 

birthweight) associated with sextuple haplotype parasites. In this study, however, we did not observe any 

association between presence of the sextuple mutant haplotype and adverse pregnancy outcomes (Table 

3). This lack of association could be due to the observed very low prevalence of infections with sextuple 

haplotype parasites in our study. Recently a meta-analysis study proposed an A581G prevalence 

threshold of > 37% for considering falciparum parasites to be “super-resistant” to SP (and hence without 

a protective effect against adverse pregnant outcomes (3). Although the prevalence rates observed in our 

study (14%) still far from this threshold, the occurrence of “super-resistant” parasites raise serious 

concerns about the future effectiveness of SP as an IPTp strategy in Mozambique.  

In this study, higher parasite density in infections was associated with carriage of quintuple haplotype. 

However, this association was not observed for the sextuple haplotype. It has been shown that the effect 
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of IPTp-SP to clear peripheral infections is compromised in areas with a prevalence of the 540 mutated 

codon is > 90% (7). Although this threshold was not met in our study (540 mutation prevalence of 79%), 

long lasting infections of highly mutated P. falciparum genotypes may cause placental impairment and 

adverse pregnancy outcomes (37). Moreover, is known that early infections during pregnancy (which are 

often characterized by higher parasite densities) (38) have a profound effect on fetal development and the 

fetal innate immune system (39) and increase the risk of malaria (and other diseases) during early 

childhood/infancy (39,40). However, a potential link between parasite haplotype and parasite densities 

would require a cohort design. 

Detection of the pfdhfr I164L mutation at the prevalence of 2% among pregnant women at delivery in 

Chókwè district indicates that parasites carrying this mutation are emerging in the study area, in contrast 

to previously reported in studies conducted in Mozambique (16,17), where this mutation was not 

detected. The presence of this mutation allele in Africa has been a subject of debate (41). However, it is 

now known that I164L mutation exists in Africa in a very low frequency (8,12,42], probably as a 

consequence of drug pressure and the gradual increase of high-level dhfr resistant genotypes (8,43). 

Therefore, monitoring the emergence and spread of this highly resistant mutation should be warranted. 

All the women in the present study were asymptomatic at delivery, and 73% had submicroscopic 

infection. In addition, one-third carried gametocytes that were only detectable by RT-qPCR and of these, 

84.4% carried the quintuple mutant haplotype and 3.1% the sextuple mutant haplotype. Overall, these 

results indicate that although SP may still be partially effective at reducing peripheral parasite densities, 

it does not prevent new infections or clear infections caused by resistant parasites, thus constituting a non-

negligible human reservoir of infection, potentially contributing to the spread of resistant parasites (36, 

44-46).  

While the main predictor of gametocyte carriage in this study was asexual parasite density (19, 47), 

gametocyte carriage was not associated with IPTp-SP use (22,48,49). That said, gametocyte carriage was 

only measured at delivery, precluding an analysis of a potential triggering effect of repeated SP use on 

gametocyte commitment. In addition, the potential contribution of gametocyte carriage to malaria 

transmission even at lower densities involve a complex relationship between gametocyte density and 

mosquito infection (50). A study in 2018 showed that the proportion of male and female gametocytes in 

the human blood is an important factor determining the infectivity of individuals to mosquitoes with great 

impact on the transmission level (reference 51 in Technical Appendix). Therefore, further studies with 

repeated sampling over time and measurement of gametocyte sex ratio density may help to elucidate the 

role of SP in gametocyte production and malaria transmission. 

Finally, low prevalences of pfcrt (K76T, N86Y) and pfmdr1 (Y184F, D1246Y) mutations were observed in 

our study area. Increased prevalence of pfmdr1 and pfcrt mutations have been associated with resistance 
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to mefloquine, partial resistance to lumefantrine, to chloroquine and amodiaquine (references 52, 53 in 

Technical Appendix). However, the observed lower prevalence observed in our study aligns with 

evidences from previous studies in Mozambique, which showed decreased frequency over time (reference 

54, 55 in Technical Appendix), indicating reappearance of parasites sensitive to chloroquine (17, reference 

54 in Technical Appendix). 

Limitations of this study include potential overestimation of the prevalence of multiple mutant haplotypes 

due to the high rate of polyclonal (mixed) infections. However, approximately 90% of mixed haplotype 

infections were found to have a MOI >1. In addition, results obtained by RFLP (among them the 

observation of new mutations at codons I164L and A518G) were confirmed (in a sub-set of samples) by 

Sequenom typing and Sanger sequencing.  

In conclusion, we have described the emergence of sextuple mutant parasite (dhfr N51I, C59R, S108N+dhps 

A437G, K540E, A581G) associated with LBW. The presence of these super-resistant parasites raises serious 

concerns about the usefulness of IPTp-SP at protecting against MiP in the study population. We also found 

an important burden of submicroscopic gametocyte carriers infected with mutant parasites, indicating 

that pregnant women could constitute a reservoir for malaria transmission. Overall, the emergence of 

super-resistant parasites associated with adverse pregnancy outcomes in a majority of asymptomatically 

infected pregnant women carrying gametocytes should prompt further efforts to find alternative 

antimalarial drugs to SP for IPTp or new interventions against MiP in the study area. 
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4.7. Technical Appendix 
 

High-level Plasmodium falciparum sulfadoxine-pyrimethamineresistance with the 

emergence of Sextuple Mutant Parasites During Pregnancy in Mozambique 

Pfdhfr and Pfdhps - Restriction fragment length polymorphism  

We analyzed single nucleotide polymorphisms at the Pfdhfr (N51I, C59R, S108N and I164L) and Pfdhps 

(S436F, A437G, K540E, A581G and A613S) loci by PCR-restriction fragment length polymorphism (PCR-

RFLP) using primers and nested-PCR protocols described elsewhere (1, 2) with minor modifications. PCR 

reactions were run on Biometra T professional gradient Thermocycler (Thistle Scientific Ltd, UK). For the 

dhfr loci, primary PCR was performed in a 25μL mixture containing 2μL of DNA sample (or 5μL for 

samples with a parasite density below 1 parasite/μL), 1.5mM MgCl2, 10x PCR Buffer, 200μM dNTP, 0.2μL 

of HotStarTaq DNA polymerase. and 0.2 μM of each primer. A 720-base pair (bp) sequence was amplified 

with primer pairs AMP1/AMP2 (Technical Appendix Table 1) with the following settings: initial 

denaturation 94°C for 3 min, 45 cycles of 94°C for 30 s, 45°C for 45 s and 72°C for 45 s with a final extension 

of 72°C for 5min. For the nested PCR, 2μL of primary PCR product was added to each of two PCR mixtures 

to create a final volume of 50μL containing 1.5mM MgCl2, 10x PCR Buffer, 200μM dNTP, 0.2μL of 

HotStarTaq DNA polymerase, and 0.25μM of each primer. The primer pairs F-M4 and M3-F/ were used 

to amplify codon C59R and codons N51I, S108N and I164L, respectively with the following settings: initial 

denaturation 94°C for 3 min; 5 cycles of 94°C for 1 min, 45°C for 2 min, and 72°C for 1 min; 35 cycles of 

94°C for 1 min, 45°C for 1 min, and 72°C for 1 min; and a final extension of 72°C for 10 min. 

For the dhps loci, primary PCR was performed in a 50μL mixture containing 5μL of DNA sample, 1.5mM 

MgCl2, 10x PCR Buffer, 200μM dNTP, 0.2μL of HotStarTaq DNA Polymerase and 0.2μM of each primer. 

A 710-bp sequence was amplified with primer pairs R2/R (Technical Appendix Table 1) with the following 

settings: initial denaturation 94°C for 3 min; 45 cycles of 94°C for 1 min, 45°C for 45s, and 72°C for 1 min; 

and a final extension of 72°C for 5 min. For the nested PCR, 2μL of primary PCR product was used in a 

final volume of 50μL containing PCR mixture with 1.5mM MgCl2, 10x PCR Buffer, 200μM dNTP, 0.2μL 

of HotStarTaq DNA polymerase, and 0.2μM of each primer pair. The following primer pairs were used: 

K-K/ for A437G, and K540E, J-K for S436F, and L-L/ for A581G and A613S. The settings were initial 

denaturation 94°C for 2 min; 5 cycles of 94°C for 2 min, 45°C for 2 min, and 72°C for 1.5 min; 35 cycles of 

94°C for 1 min, 45°C for 1 min, and 72°C for 1 min; and a final extension of 72°C for 10 min.  

Five microliters (100-250ng) of the nested PCR products containing the polymorphic regions were 

subjected to enzymatic digestion to detect mutations at the various sites. The enzymatic digestions were 
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conducted in a final volume reaction of 15μL following the manufacturer's instructions (New England 

Biolabs, Beverly, MA). A subset of PCR product samples were digested with a second enzyme (BstUI and 

BslI) to identify A581 and 581G mutations. Primer sequences, restriction enzyme digestion, and fragment 

sizes are shown in Technical Appendix Table 1. Plasmid controls obtained from MR4-Bei resources 

(https://www.beiresources.org/MR4Home.aspx) were used as wild-type and mutant controls: i) FR-3D7 

(MRA199) and FR-V1/S (MRA195) as wild-type and mutant controls for dhfr N51I, C59R, S108N, I164L, 

respectively; ii) PS-FCR (MRA192) for dhps S436F, A437G, A613S wild-types; iii) PS-Dd2 (MRA193) for 

dhps S436F and A613S mutants; iv) PS-Mali (MRA191) for dhps, K540E, A581G wild-type; and v) PS-Peru 

(MRA190) for dhps, A437G, K540E, A581G mutants. The digested products were analyzed by 2% agarose 

(Eurogentec SA) gel electrophoresis and visualized by ultraviolet transilluminator after staining with 

ethidium bromide. Negative (water and human-negative DNA) controls were included in each 

experiment. 

SNP genotyping by sequenon  

SNP genotyping was performed on the Agena MassArray system, following the manufacturer’s standard 

protocols (3). Purified DNA was primarily amplified using locus-specific primers in multiplex reactions. 

Secondary amplification was performed with a single base extension PCR using SNP-specific primers. All 

reactions were carried out in separate to account for overlap in product molecular weight. PCR products 

were spotted on Agena 384-well array chips and analyzed by mass spectrometry. Raw signal intensity for 

each sample was processed and analyzed with blank controls in batches of 384 samples corresponding to 

the chip. SNP detection, quality control, and sample genotyping followed a process described elsewhere 

(4) with a background correction applied to each assay separately based on two-times the standard 

deviation of the mean value across blank controls. Intensities were used to determine initial sample 

quality. Samples with an overall (mean) intensity < 0 were removed from further analysis. Intensities per 

sample were quantile normalized and log2 scaled. SNP calling of bi-allelic loci was automated and relies 

on a two-step heuristic algorithm. The learning step uses normalized intensities to bin primary calls into 

pure or mixed (heterozygous) calls. Primary calls were used to determine the final genotype by calculating 

the distribution of intensity contrasts of calls from pure infections. Samples with intensity values outside 

a single-tailed normal distribution for reference or non-reference alleles were considered heterozygous. 

Identical processing was applied for multi-allelic loci, but final genotypes were determined by the 

distribution of pure samples in three or four-dimensional spaces. All alleles were inspected by eye. 
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Sequenom genotyping results 

RFLP detection of new mutations was confirmed by Sequenom genotyping as described above 

(SpotMalaria). The proportion of positivity (successfully analyzed samples) by Sequenom was 70% 

overall. The positivity rate by codon was 32%, 44%, 44%, and 66% for the N51I, C59R, S108N and I164L 

codons, respectively. For codons A437G, K540E, A581G, and A613S, the respective positivity rates were 

68%, 60%, 70%, and 66%. A lower positivity rate as compared with RFLP is at least partially explained by 

the lower performance of Sequenom typing with low-density infections (which are very common in the 

study population). Unsuccessful genotyped samples harbored mean parasite densities of 324 p/μL 

compared with 10844 p/μL in successful samples (p=0.018). In addition, Sequenom is less sensitive to the 

detection of mixed infections (5), which accounted for 85% of all successfully genotyped infections. 

Sequenom results confirmed the emergence of new mutations at codons 164 and 581.  

Additional markers of drug resistance were analysed by Sequenom typing. pfcrt and pfmdr1 gene 

polymorphisms were identified in 10 [14.3%] of 70 and 31 [44.3%] of 70 samples, respectively. Among the 

polymorphisms in the pfcrt gene, mutant alleles K76T and N86Y were detected at 12.7% and 4.3%, while 

in the pfmdr1, the mutant alleles Y184F and D1246Y were detected at 40% and 4.3%, respectively. 

Mutations in the pfcrt and pfmdr1 genes had been previously reported in the study area (6) (Technical 

Appendix, Table 2). 

RT-qPCR for detection of Pfs25 gametocyte-specific transcripts  

One hundred μL of whole blood collected into 500μL of RNAprotect stabilizer reagent (Qiagen, Germany) 

were used to extract RNA using RNeasy Plus 96 Kit (Qiagen) and eluted in 45μL of the RNA Storage 

Solution (Ambion). RT-qPCR were performed as previously described (8). Twenty μL reaction mixtures 

were run in a LightCycler® 480 Instrument (Roche Molecular Systems, Inc) using the LightCycler 

MultiPlex RNA virus Master kit (Roche, 7083173001) with primers and HEX-BHQ1 labelled hydrolysis 

probe (250mM, IDT) published by Wampfler et al. (7). All samples were tested in duplicate reactions and 

controls without reverse transcriptase (RT) enzyme were added to exclude false positives due to the 

presence of genomic DNA. The analysis was run using LightCycler480 software version 1.5.0. P. falciparum 

gametocyte densities were quantified using a 7-point standard curve ranging from 100.000 to 0.1 

gametocytes/μL generated from cultured 3D7 P. falciparum stage V gametocytes as described elsewhere 

(8). The limit of detection of this assay in our hands was 0.1 gametocyte/μL. Samples with Ct values below 

negative control but higher than the Ct of last standard curve point were considered to contain 

<0.1gametocyte/μL. 
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Technical Appendix Table 1. Primer pairs and restriction enzymes used for pfdhfr and pfdhps polymorphism detection. 

 

 Prime name Primer sequence Size of 
amplicon (bp) 

Targeted 
mutation 

Restriction 
enzyme 

Fragment length 
(bp) Wild Type 

Fragment length 
(bp) Mutant 

AMP1/AMP2 5'-TTTATATTTTCTCCTTTTTA-3' 720     

 5'-CATTTTATTCGTTTTCT-3'     

M3-F/ 5'- TTTATGATGGAACAAGTCTGCGACGTT- 3'' 522 N51I MluCI 55, 65, 120, 153 55, 65, 120, 218 

 5' - AAATTCTTGATAAACAACGGAACCTttTA- 3'   

F-M4 5′-GAAATGTAATTCCCTAGATATGGAATATT-3′ 326 C59R XmnI 189, 137 26, 137, 163 

 5′-TTAATTTCCCAAGTAAAACTATTAGAGCTTC-3′   

M3-F/ 5'- TTTATGATGGAACAAGTCTGCGACGTT- 3'' 522 S108N BsrI 522 190,  332 

 5' - AAATTCTTGATAAACAACGGAACCTttTA- 3'   

M3-F/ 5'- TTTATGATGGAACAAGTCTGCGACGTT- 3'' 522 I164L DraI 107,  171,  245 107,  143,  245 

  5' - AAATTCTTGATAAACAACGGAACCTttTA- 3'   

R2/R 5'- AACCTAAACGTGCTGTTCAA- 3'  710     

 5' - AATTGTGTGATTTGTCCACAA-3'     

J-K 5’- TGCTAGTGTTATAGATATAGGatGAGcATC-3' 438 S436F MspA1I 438 32, 406 

 5’ – CTATAACGAGGTATTgCATTTAATgCAAGAA- 3'   

K-K/ 5’- TGCTAGTGTTATAGATATAGGatGAGcATC-3' 438 A437G AvaII 438 34, 404 

 5’ – CTATAACGAGGTATTgCATTTAATgCAAGAA- 3'   

K-K/ 5’- TGCTAGTGTTATAGATATAGGatGAGcATC-3' 438 K540E Fok I 33, 405 85,  320 

 5’ – CTATAACGAGGTATTgCATTTAATgCAAGAA- 3'   

L-L/ǂ 5' - ATAGGATACTATTTGATATTGGAccAGGATTcG- 3' 161 A581G BstUI 56, 105 23, 138 

 5' - TATTACAACATTTTGATCATTCgcGCAAccGG- 3'    

L-L/ 5' - ATAGGATACTATTTGATATTGGAccAGGATTcG- 3' 161 A613S MwoI 33, 128 161 

  5' - TATTACAACATTTTGATCATTCgcGCAAccGG- 3'      

ǂ Double digestion with BstUI and BslI restriction enzymes resulted in fragments of 105, 33 and 23 bp, 138 and 23bp, and 138, 105, 33 and 23bp for the wildtype, mutant and mixed 

patterns, respectively. 



 

 167  

 

 

 

 

 

 

 

 



 

 168  

 

Technical Appendix Table 2.  Frequency of dhfr and dhps mutant alleles per isolate  

SNP codon      

dhfr dhps n (%) (n = 100) 

N51I C59R S108N I164L S436F A437G K540E A581G  

- - - - - - - - 3 (3.0) 

- - - - - + - - 2 (1.0) 

- - - - - - + - 1 (1.0) 

- - - - - + + - 1 (1.0) 

+ + - - - - -  1 (1.0) 

+ - + - - - - - 2 (2.0) 

+ - + - - - + - 1 (1.0) 

+ + + - - - - - 9 (9.0) 

+ - - - - + - + 1 (1.0) 

- - - - - + + + 1 (1.0) 

- + + - - + + - 1 (1.0) 

+ + + - - - + - 6 (6.0) 

+ + + - - - - + 1 (1.0) 

+ + - - - + + - 1 (1.0) 

+ - + - - - + + 1 (1.0) 

+ + + + - + - - 1 (1.0) 

+ + + - - + + - 55(55.0) 

+ + + + - - + - 1 (1.0) 

- + + - - + + + 1 (1.0) 

+ - + - - + + + 1 (1.0) 

+ + + - + + - - 1 (1.0) 

+ + + - - + + + 8 (8.0) 

89% 86% 90% 2% 1% 74% 79% 14% 100 (100%) 

SNP, single nucleotide polymorphism. (+) = denotes the presence of mutation 

 

 

Technical Appendix Table 3. Prevalence of additional mutations associated with antimalarial resistance detected by 

Sequenom 

     

Marker, Antimalarial Drug Gene 

Amino Acid 

Positions 

Wild type n/N 

(%) 

Mutation 

n/N (%) 

CRT, chloroquine pfcrt K76T 48/55 (87.3) 7/55 (12.7) 

MDR-1, chloroquine, amodiaquine, lumefantrine, 

mefloquine 

  N86Y 67/70 (95.7) 3/70 (4.3) 

pfmdr1 Y184F 42/70 (60.0) 28/70 (40.0) 

 D1246Y 67/70 (95.7) 3/70 (4.3) 
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Technical Appendix Table 4. Univariate analysis of risk factors associated with carriage of quintuple and sextuple mutant 

haplotypes (N = 100) 

  Quintuple Haplotype (n = 55) § Sextuple Haplotype (n = 8) ‡ 

Variable N n, [%] OR 95% CI p value n, [%] OR  95%CI p value 

Age (years)          

< 20 40 23 (57.5) 1.2 0.5-2.6 0.68 1 (2.5) 0.1 0.02-1.6 0.13 

≥ 20 60 32 (53.3)    Ref   7 (11.7)    Ref   

Education          

None/primary  53 34 (64.1) 2.2 0.9-4.9 0.05 5 (9.4) 1.5 0.3-6.7 0.57 

Secondary 47 21 (44.7)  Ref  3 (6.4)    Ref   

Place of residence          

Urban 57 26 (45.6)  Ref  7 (12.3)    

Rural  43 29 (67.4) 2.4 1.1-5.6 0.03 1(2.3)  0.1 0.02-1.4  0.10  

Gravidity          

Primigravidae (1) 45 24 (53.3) 0.8 0.4-1.9 0.76 2 (4.4) 0.3 0.1-1.9 0.25 

Multigravidae (≥2) 55 31 (56.4)    Ref   6 (10.9)    Ref   

No. IPTp doses received          

< 3 doses 46 27 (58.7)  Ref  4 (8.6)  Ref  

≥ 3 doses 54 28 (51.8) 0.7 0.3-1.6 0.49 4 (7.4) 0.8 0.2-3.5 0.81 

Malaria during pregnancy           

Yes 19 14 (73.6) 2.7 0.9-8.2 0.07 3 (15.8) 2.8 0.6-13 0.18 

No 81 41 (48.8)    Ref   5 (6.2)    Ref   

Parasite density, p/µLᴪ          

<100 p/μL 67 25 (37.3)  Ref  7 (10.4)  Ref  

≥100 p/μL 33 30 (90.9) 16.8 4.6-60.7 <0.001 1 (3.0) 0.2 0.03-2.3 0.23 

¶¶ Reported malaria episodes during pregnancy, ᴪ Peripheral parasite density 
§ Adjusted for age, education, residence location, gravidity, IPTp uptake, malaria infection, parasite density and 
hemoglobin level  
ǂ Data was unavailable in two participants (N=98). 
‡ Adjusted for education, gravidity, IPTp uptake, malaria infection, parasite density and hemoglobin level 
Boldface indicates statistical significance (p<0.05). 
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Technical Appendix Table 5. Effect of mutant haplotypes on adverse pregnancy outcomes in Chókwè district (N = 100)* (Univariate analysis) 

Variable N BW < 2500g Placental malaria ¥ Gestational age** (<37wk) 

   n [%] p value OR[95%CI] p value  n [%] p value OR[95%CI] p value  n [%] p value OR[95%CI] p value 

Infecting haplotype, quintuple§            

Yes 55 6 (10.9) 0.23 2.6(0.5-13) 0.25 18 (32.7) 0.24 1.7(0.6-4.1) 0.24 8 (14.5) 0.08 0.8(0.1-1.1) 0.08 

No 47 2 (4.3) Ref  10 (21.3) Ref  13 (0.27) Ref  

Infecting haplotype, sextupleǂ            

Yes 8 1 (12.5) 0.63 1.7(0.1-16) 0.63 2 (25.0) 0.84 0.8(0.2-4.4) 0.84 3 (0.38) 0.23 2.4(0.5-11) 0.25 

No 92 7 (7.6) Ref  26 (28.3) Ref  18 (19.5) Ref  

Age (years)              

< 20 40 2 (5.0) 0.36 0.4(0.1-2.5) 0.37 14 (35.0) 0.20 1.7(0.7-4.2) 0.21 10 (25.0) 0.42 1.4(0.5-3.9) 0.42 

≥ 20 60 6 (10.0) Ref  14 (23.3) Ref  11 (18.3) Ref  

Education              

None/primary  53 3 (5.7) 0.36 0.5(0.1-2.2) 0.36 17 (32.1) 0.33 1.5(0.6-3.7) 0.34 12 (22.6) 0.66 1.2(0.4-3.2) 0.87 

Secondary 47 5 (10.6) Ref  11 (23.4) Ref  9 (19.1) Ref  

Place of residence              
Urban 57 7 (12.3) 0.06 Ref  14 (24.5) 0.37 Ref  16 (28.1) 0.04 Ref  

Rural 43 1 (2.3) 0.1(0.02-1.4) 0.1 14 (32.5) 1.4(0.6-3.5) 0.37 5 (11.6) 0.3(0.1-1.0) 0.05 

Gravidity              

Primigravidae (1) 45 4 (8.9) 0.76 1.2(0.3-5.2) 0.77 13 (28.8) 0.85 1.0(0.4-2.6) 0.86 9 (20.0) 0.82 0.9(0.3-2.3) 0.82 

Multigravidae (≥ 2) 55 4 (7.3) Ref  15 (27.3) Ref  12 (21.8) Ref  

No. IPTp doses received             

< 3 doses 46 1 (2.2) 0.04 0.1(0.2-1.3) 0.08 13 (28.3) 0.95 1.0(0.4-2.4) 0.95 6 (13.0) 0.07 0.3(0.1-1.1) 0.07 

≥ 3 doses 54 7 (12.9) Ref  15 (27.8) Ref  15 (27.8) Ref  

Malaria during pregnacy            

Yes 19 3 (15.7) 0.16 2.8(0.6-13) 0.18 6 (31.6) 0.69 1.2(0.4-3.6) 0.7  2 (10.5) 0.21 0.3(0.1-1.8) 0.23 

No 81 5 (6.2) Ref  22 (27.2) Ref  19 23.5)   

 Boldface indicates statistical significance (p<0.05). ¥ placental malaria as detected by histology 

 ᴪ Peripheral parasite density, ** indicates gestational age at delivery, § (IRNI-SGEA, ǂ IRNI-SGEG 
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Technical Appendix Figure 1. Sequencing alignment of Pfdhps gene with wildtype amino acid A and mutated 

amino acid G at position 581. The P. falciparum PS-Mali, PS-DD2 and PS-FCR3D7 are wild-type control and PS-Peru 

a mutant control. 

 

 

Technical Appendix Figure 2. Proportion of pfdhfr/pfdhps mutations detected in N=100 samples analyzed by RFLP.   
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Technical Appendix Table 6. Frequency of gametocyte carriage according to IPTp-SP uptake  

    

    IPTp dose  

  Total  

N = 100   

None  

n = 12 

One  

n = 11 

Two  

n = 23 

≥3  

n = 54 

p value† 

Gametocyte carrier  32 6 5 5 16  

% (n/N) 32.0 50.0 45.5 21.7 29.6 0.26 

Median gametocyte density(n=16)* 1.73 0.66 0.14 0.79 1.81 0.34 

Interquartile range [IQR] [0.5-3.44] [0.5-3.44] [0.14-0.14] [0.2-5.4] [1.7-9.0]  

* Only 16 (48.5%) samples could be quantified; 17 (51.5%) had a gametocyte density of <0.1 g/μL, †Kruskal-Wallis 

rank test 
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Chapter 5 

General Discussion, Conclusions and Perspectives 
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Chapter 5.1 General Discussion  
 

The research described in this thesis was performed just after the new IPTp-SP policy for malaria 

prevention during pregnancy was implemented in Mozambique [1]. The policy changed from 

recommending two IPTp-SP doses to at least three doses of IPTp-SP to pregnant women between 

quickening and the time of delivery, as a replacement for two IPTp-SP doses that were previously 

delivered [2]. Nevertheless, at that time (June 2014-June 2015) data on IPTp-SP coverage in Mozambique 

was limited to routine annual reports from health facilities (which often lacked completeness and 

precision) [2], household surveys at the province level [3] and retrospective studies (which did not reflect 

the current situation at district level) [4]. This thesis evaluated the coverage of IPTp-SP and factors 

associated with low IPTp-SP uptake. This knowledge may help guide optimization of current prevention 

programs aiming to increase coverage. Coverage was assessed at the level of community households (to 

include women with non-institutional births) and in health facilities. We estimated the prevalence of 

malaria infections and its adverse outcomes among women at delivery. Also, we analyzed the frequency 

of dhfr/dhps mutations and gametocyte carriage in P. falciparum infections, and its association with 

parasitological and pregnancy outcomes.  

 

5.1.1. Coverage of IPTp-SP in Chókwè district and factors affecting its uptake 

Uptake of the recommended 3 doses of IPTp-SP among women in this study was found to be much lower 

than the national target of 80% [5,6], but higher than the provincial figure (37.2%) reported in 2015 

(national household survey conducted between June and December 2015 in Gaza province [3]), and 

moderately lower than 56.9% reported in the National Malaria Indicator Survey (MIS) in the same 

province in 2018 [7]. 

The uptake of recommended IPTp-SP doses was negatively influenced by non-institutional births (women 

who delivered at home), time of first ANC visit, lower awareness of IPTp-SP and the level of education 

attained by pregnant women. Because in rural communities in Mozambique a significant proportion of 

pregnant women still deliver outside health facilities [3,8-10], we hypothesized that women with non-

institutional births and living in rural areas would be at higher risk of low IPTp uptake due to infrequent 

or later initiation of ANC visits. As expected, women who delivered outside health facility were less likely 

to complete ≥ 3 SP doses during pregnancy. Reasons for non-institutional births at the study site were lack 

of transport to the hospital (55%) and unexpected delivery date (40.9%). Thus, this clearly indicates that 

the main challenge for these mothers and optimal IPTp dosing is access to health care. IPTp interventions 
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in rural areas are challenged by the long distances between home and health facilities. Therefore, 

alternative approaches to effectively deliver IPTp-SP with community involvement such as community-

based delivery of IPTp-SP [11,12], screening and treating at the community [13], should be taken into 

consideration in these areas. 

The community-based approach for IPTp-SP delivery, consisting of training volunteers to distribute IPTp-

SP to pregnant women, could be an appropriate strategy to address lower IPTp-SP uptake in rural 

communities [14,15,16]. A study in Malawi showed that community delivery of IPTp-SP significantly 

improved coverage of two intermittent treatments (>80%) [12]. However, it is also important to consider 

the potential negative effects of community-based distribution and its potential influence on antenatal 

attendance. Also, screening and treating pregnant women in the community could be recommended in 

the first trimester of pregnancy when IPTp-SP is not recommended or restricted to the first ANC visit [13]. 

ISTp is being evaluated as a potential alternative to IPTp-SP that might be applicable in areas where P. 

falciparum has developed a high level of resistance to SP, or where malaria transmission has fallen to a 

level at which very few women will benefit from receiving IPTp. ISTp involves screening pregnant women 

at each ANC visit and treating those who test positive [17,18]. However, the success of the intervention 

depends a lot on the sensitivity of the screening test. Therefore, in stable malaria transmission areas such 

as Mozambique in which pregnant women are asymptomatic carriers, high sensitivity tests such as HS-

RDT and/or LAMP are needed. 

The first step in attaining effective IPTp coverage in most settings requires that women attend ANC 

consultations. Consequently, only pregnant women initiating ANC visits during the first and second 

trimesters of pregnancy and regularly attending visits throughout pregnancy will receive the 

recommended dosage of SP treatment. It is important to note that women with late ANC initiation (≥ 28 

weeks of gestation) had a higher risk of lower uptake of IPTp-SP compared to those starting early (<28 

weeks of gestation). A similar finding has been reported in Malawi [19] and Ghana [20,21], where women 

with ANC initiation in the first and second trimesters reported a higher IPTp uptake. In this study, the 

timing of ANC attendance did not seem to be a major limiting factor, however. Overall, across the surveys, 

the proportion of women who had the first ANC visit (<28 weeks of gestation) among women with non-

institutional births (94.3%) and those delivering at health facilities (92%) was quite similar. Thus, the 

majority of women attended ANC at sufficient timing to receive the recommended doses of SP, however, 

only 46.6% of eligible women received ≥ 3 doses. Similar results have been reported in other Sub-Saharan 

African countries [22,23,24,25]. The mismatch between ANC attendance and receipt of recommended 

IPTp-SP doses could be explained by several factors: a shortage of SP in the health facility, poor fidelity 
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in the implementation WHO-recommended IPTp by the healthcare providers [1] and women's negative 

attitudes towards the use of malaria prevention interventions in pregnancy [Chapter III]. However, in the 

present study, no SP stockouts in the study area were documented by the MoH in Chókwè since 2013 

(Chókwè district health services 2016, unpublished data) during the study period. Therefore, it is 

important to reinforce that healthcare workers provide a dose of SP to every eligible pregnant woman 

who attends ANC at scheduled visits. 

 

The receipt of recommended doses of SP was significantly lower among pregnant women attaining lower 

education (none or only primary) compared to those with a secondary or higher level of education 

[Chapter II]. This result indicates that pregnant women without education beyond primary school were 

underutilizing IPTp-SP intervention. Similar findings have been previously observed in studies 

conducted in Tanzania, Uganda and Malawi [26,27–29]. This might be explained by the fact that education 

enables people to be well-informed and make informed decisions and choices, especially on maternal 

health issues. On the other hand, women who are not educated may not appreciate the risk and the 

complications associated with MiP and are less likely to receive optimal doses of SP. Therefore, 

strengthening ITPp-SP health education further increase the use of preventive strategies, among this 

vulnerable population.  

 

Similarly, not knowing the effect of IPTp for malaria prevention (discussed in the next section), makes 

women less proactive to receive the intervention. To better understand how other factors such as the 

individual, sociocultural and health system factors influence the uptake of recommended IPTp-SP during 

ANC visits, we further investigated the perceptions and opinions of key informant groups on the access 

and IPTp-SP use in the study area [Chapter III]. 

5.1.2. Access and use of preventive intermittent treatment for MiP 

 

Barriers to IPTp-SP delivery include individual issues (pregnant women’s knowledge of the risks and 

benefits of IPTp-SP, delayed ANC attendance) and health facilities issues (long waiting times and high 

patient loads that result in poor counselling on MiP by health staff). Concerning individual factors, one of 

the identified barriers was related to pregnant women's poor knowledge of the risks and specific 

deleterious effects posed by MiP to both mothers and their fetuses. This may, to some extent, reflect that 

pregnant women failed to receive or were not provided with information on MiP and the IPTp-SP 

program during ANC visits, as identified in studies on factors affecting the delivery, access, and use of 

malaria prevention interventions in other countries in Sub-Saharan Africa [30,31]. Moreover, several 
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studies have reported that pregnant women have poor knowledge of malaria and its effects on pregnancy 

[24,32–35]. According to one of these studies, poor knowledge about the use of SP during pregnancy was 

significantly predictive of poor adherence to IPTp-SP [34], while a study in Ghana showed that women's 

comprehensive knowledge of malaria and its prevention during pregnancy through the use of IPTp-SP 

was associated with good adherence to IPTp-SP [35]. Altogether, these observations confirm that adequate 

knowledge by pregnant women about the risks of MiP and the benefits of IPTp-SP could improve their 

adherence to this treatment.  

 

In this study, we also showed that pregnant women, whilst mentioning the importance of preventing 

malaria by using mosquito nets, none of them appeared to fully understand the value of IPTp-SP to 

prevent MiP. This was notable, not only when discussing malaria prevention approaches in general, but 

also when women were probed about SP in particular, an issue reported elsewhere [31]. A systematic 

review study in Sub-Saharan Africa [25] found that women were unaware of the use and benefits of IPTp-

SP for MiP prevention, or why SP was being given. This suggests that in order to improve awareness 

among pregnant women, better communication strategies at ANC clinics and in the community on the 

risk, consequences of MiP and the benefits of SP and other MiP prevention strategies are needed; and that 

health promotion programs ensure that women but also community members are provided with accurate 

information on MiP prevention measures to reinforce attitudes on IPTp-SP uptake. 

 

Although pregnant women felt welcomed at ANC visits, they also felt as passive recipients and were 

provided with little or no information about the IPTp program and the SP tablets provided. This finding 

is supported by the aforementioned results in our study [Chapter II]. Also, a lack of informative tools for 

midwives covering MiP or IPTp was also commonly mentioned, along with long waiting times. This is 

consistent with findings from the previous studies conducted in Kenya, Mali, Mozambique, Tanzania and 

Uganda [36], which reported the absence of pre-service education materials for midwives covering 

malaria in pregnancy or IPTp. Long waiting times are associated with overburdened health systems with 

lower levels of medical staff and midwives, coupled with an increased workload, widely reported in 

African countries [37,38]. This “overload” offers some explanation as to why women have to wait for a 

long time and do not always receive detailed information about MiP and the IPTp strategy during ANC 

visits [39,40]. Therefore, adequate deployment of health staff by Ministry of Health is needed to ensure 

that improved quality of health services is provided in the study area and in Mozambique, in general. 

 

From the perspective of health staff (nurses), barriers to effective IPTp-SP delivery were related to the 

women’s ANC-seeking behaviours, such as being late and irregular in their ANC attendance. The impact 
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of late and irregular attendance to ANC visits on the uptake of IPTp-SP has been also reported in Ghana, 

Uganda and Mali [20,37,41]. Some studies have reported a link between pregnant women’s ANC-seeking 

behaviors and cultural beliefs [37,42,43]. This includes, for example, a reluctance to disclose their 

pregnancy in the early stages, particularly among adolescents, which presents a considerable barrier to 

women accessing ANC services.   

5.1.3. Maternal P. falciparum infection at delivery and risk factors  

 

In spite of the efforts to control malaria in pregnancy, we determined a high burden of malaria infections 

among pregnant women at delivery in the study area. Overall, maternal malaria infection was detected 

in (16.9%) of the women within this study. In addition, we observed a high rate of asymptomatic infections 

(75%) at delivery among study participants. The malaria infection described here is higher than the 6% 

reported in a previous study conducted in a neighbouring district of Manhiça between 2003 and 2012 [44]. 

This increase is probably due to the differences in the implementation of control strategies between the 

sites. Similar prevalence of maternal malaria infection has been documented in other malaria-endemic 

areas - a range of 8.1% to 57.8% - among pregnant women in Sub-Saharan Africa with similar intensity of 

malaria transmission, including Zambia, Malawi and Tanzania [45–47]. 

 

Sub-microscopic infections have been associated with placental malaria and harmful effects on pregnant 

women and the developing fetus [47]. In this study, sub-microscopic infections were not related to adverse 

pregnancy outcomes. However, the observed proportion of asymptomatic infections cannot be ignored, 

especially when factors such as their role in maternal morbidity and malaria transmission are not fully 

understood and are to be further explored [47,48]. The potential role of pregnant women as a malaria 

reservoir, contributing to sustaining malaria transmission, has been addressed in Chapter IV. 

  

The study results show that pregnant women in the rural area are at higher risk of getting malaria infection 

compared to those from the urban area. This may be explained by the favorable environmental conditions 

for higher malaria transmission due to proximity of the rural villages to irrigation systems in the study 

area. Irrigation systems create numerous pools of standing water among dwellings, which provide 

additional breeding sites for mosquitoes increasing the risk of infection. This, together with the observed 

lower uptake of IPTp-SP in rural villages (associated with non-institutional deliveries) increases the 

likelihood of malaria infection in pregnant women within this area. 
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It has been consistently demonstrated that susceptibility to MiP and related adverse effects are higher in 

women in their first and second pregnancy, with lower rates in later pregnancies. This is because they 

lack the specific pregnancy-associated immunity (e.g. Primigravidae), which is acquired from exposure to 

malaria parasites and accumulates with subsequent infection and subsequent pregnancies [49,50-52]. Our 

findings indicate that young and primigravidae women are more likely to be infected at delivery and 

harbour higher parasite densities than older and multigravidae women. Furthermore, LBW and preterm 

infants were more likely to be born from woman of young maternal age (≤ 20 years old) [Chapter II]. This 

is in agreement with a study in Senegal [53], which reported that delivery of LBW babies is more likely to 

occur among young and primigravidae women. 

 

It has been shown that ≥ 3 doses of SP for IPTp confer higher protection of pregnant women against 

malaria infection and improved pregnancy outcomes [54]. IPTp with ≥ 3 doses of SP was associated with 

higher birth weight and lower risk of LBW than a 2-dose regimen. These data support current WHO 

recommendations of at least three doses of SP during pregnancy [1]. In our study, it is important to note 

that the effect of receiving ≥ 3 SP doses in reducing maternal malaria infection at delivery was not 

significant, with only 20% of pregnant women receiving ≥ 3 SP doses being protected from malaria 

infection compared to those receiving fewer doses. Also, the risk of low birth weight and preterm births 

among women receiving < 3 SP doses was only 30% higher compared to those receiving ≥ 3 doses [Chapter 

II]. The lack of effect could be explained, partly, by the small proportion of women with malaria infections 

which may have reduced the power to produce an effect in addition to the high number of resistant 

parasites in the study area. 

5.1.4. P. falciparum mutations associated with sulphadoxine-pyrimethamine resistance  

 

In the described study area, while reporting the persistence of the quintuple mutant haplotype that 

harbors mutations in both dhfr codons (N51I, C59R, S108N) and dhps genes (A437G, K540E), we report for 

the first time in Mozambique the occurrence of P. falciparum parasites carrying additional mutations at 

dhfr codons I164L and dhps codon A581G (sextuple mutant parasites) among pregnant women [Chapter 

IV]. A recent study analyzing samples from different sites in Mozambique (which also included samples 

collected in Chókwè) did not report mutations at codon 581 and 164 [55], although the study included 

children, instead of pregnant women. 

Increased prevalence of resistant parasites in pregnant women may be explained by the selective effect of 

repeated exposure to SP in the context of IPTp [56–59]. In our study, higher IPTp-SP uptake was not 

associated with a higher prevalence of dhfr/dhps mutations, while the same has been reported before 
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[60,61]. However, we cannot exclude that while we did not observe a selective IPTp-SP dose effect, this 

may be due to limitations in our study design such as cross-sectional data (sample collected only at 

delivery) in which the association cannot guarantee any causality or directionality or that the parasite 

populations (>90%) in our study were largely saturated with the resistant alleles.  

 

Previous studies have shown that the occurrence of the mutation at codon 581, which defines the sextuple 

mutant parasites, was associated with reduced effectiveness of the IPTp strategy [58,61]. In these studies, 

it was shown that among women infected with the sextuple haplotype mutation, IPTp-SP use conferred 

no improvement of pregnancy outcomes and birth weight. Our findings indicated a non significant effect 

between carriage of sextuple haplotype with adverse pregnancy outcomes in the study women [Chapter 

IV]. We also did not find any significant association between the number of IPTp-SP doses and reduction 

of adverse pregnancy outcomes among the 100 newborns. This lack of association may possibly be due to 

the low prevalence of infections with sextuple haplotype parasites detected. This finding underscores the 

need to evaluate the effect of this mutations among pregnant women using IPTp-SP in a wide scale. 

 

Recently, a systematic review and meta-analysis study, reported that IPTp-SP is not likely to reduce 

malaria and malaria-associated LBW in areas where the prevalence of sextuple-mutant parasites, with the 

dhps A581G mutation, exceeds 37% [62]. Obviously, in the present study, the prevalence rate of the 581 

mutations (14%) is still far from this threshold. However, the occurrence of this “super-resistant” 

parasites, which is known to rapidly spread in East Africa [62,63], and the fact that the use of the 

recommended IPTp-SP dosage conferred a lower protection (only 20%) against malaria infection and 

pregnancy adverse outcomes underscore the question of whether IPTp-SP should be continued or 

replaced in Mozambique. Therefore, there is an urgent need to conduct further efficacy and safety studies 

to determine alternative drug regimes and/or strategies for IPTp. These will provide data to support 

discussions between the National Malaria Control Program and policymakers about the future of IPTp-

SP and the alternatives based on the available studies. 

 

Previous studies [18,64,65] have investigated alternative regimens and strategies to replace SP for IPTp 

during pregnancy. Promising alternative drug regimes to IPTp and strategies come from a study by Desai 

et al. [66] in which a randomized controlled and superiority trial in Kenya showed IPTp with DHA-PQ to 

be more effective than ISTp with DHA-PQ or IPTp with SP in terms of safety, longer post-treatment 

prophylaxis [67,68] and great infant survival [69]. This study demonstrated that DHA-PQ can be a 

promising alternative drug to replace SP in IPTp. However, safety, operational feasibility, and cost-

effectiveness of its use in IPTp needs further investigation. IPTp with amodiaquine (AQ), mefloquine 
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(MQ), and SP plus AQ (SPAQ) [64,70], were also evaluated to replace SP either for IPTp or the IST-based 

strategies [71,72], but none of the drugs tested was found to be superior to IPTp-SP [18,73]. ISTp-

Artimether Lumenfatrine (AL) is considered a potential alternative to IPTp in areas where SP resistance 

is high, mainly in the first trimester of pregnancy when IPTp-SP is not recommended and for the 

prevention of malaria in HIV positive women receiving CTX prophylaxis in whom SP is contraindicated 

[18]. Furthermore, CTX is recommended as prophylaxis to HIV-infected women with low immunity and 

is a potential malaria preventing drug [74,75]. Systematic review studies [76,77], reported daily CTX 

prophylaxis to be non-inferior to IPTp-SP for malaria prevention in HIV-Positive pregnant women 

concerning maternal malaria, parasitaemia and birth outcomes. However, further research on CTX use in 

pregnant women still required. 

 

The effect of IPTp-SP to clear peripheral infections has been shown to be compromised when the 

prevalence of the 540 mutated codon is > 90% [78]. In the current study, parasite density was associated 

with the carriage of the quintuple haplotype but not the sextuple haplotype. It is most likely that the effect 

of IPTp-SP on clearing peripheral infections will further reduce in coming years, given that the prevalence 

of the 540 mutation in our study area is near the treshold, found in 79% of isolates. Moreover, it is also 

known that early infections in pregnancy (which are often characterized by higher parasite densities) [79] 

could have a profound effect on fetal development and the fetal innate immune system [80], and increase 

the risk of malaria (and other diseases) during early childhood/infancy [79,81,82]. Therefore, it would be 

interesting to study the potential link between parasite haplotype, time of infection in pregnancy, parasite 

densities, and LBW. 

 

In addition to the dhfr/dhps mutations associated with SP resistance, we provide in this study evidence for 

the presence of few P. falciparum isolates with multiple copies of the pfmdr1 and pfcrt genes ([Y184F, 40% 

and D1246Y, 4.3%) and pfcrt (K76T, 12.7%; N86Y, 4.3%] of 70) circulating in the study area. Increased 

pfmdr1 and pfcrt mutations have been associated with resistance to mefloquine, partial resistance to 

lumefantrine, to chloroquine and amodiaquine [83,84]. In our study the prevalence of the pfcrt K76T 

mutation (7 [12.7%] of 55 samples) is slightly higher compared to that of 2.3% reported in a previous study 

conducted in the same area (i.e. Chókwè) in 2014 [55], which included children (instead of pregnant 

women). However, both were significantly lower than those found in previous studies in Mozambique 

[85,86]. This data aligns well with previous evidences showing that this mutation has decreased over time 

[87,88], suggesting the reappearance of CQ sensitive parasites in Mozambique.  
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In the present study, we also showed that all infected pregnant women were asymptomatic at delivery, 

while 73% of those had submicroscopic malaria infections (Chapter II). Moreover, almost one-third (32%) 

of all infected women carried gametocytes detectable only by RT-qPCR, and among those, 68.8% carried 

the quintuple mutant haplotype and 9.3% the sextuple mutant haplotype (Chapter IV). This finding 

indicates that albeit the observed partial effect on reducing peripheral parasite densities, IPTp-SP does not 

prevent or clear infections caused by resistant parasites and new infections, and this exposes women to 

persistent and chronic malaria infections. It has been suggested that IPTp-SP induces the release of 

sequestered gametocytes into the peripheral blood [89-91]. These gametocytes may linger in peripheral 

blood up to several weeks or months [89,92,93]. Thus, the use of IPTp-SP may increase gametocytaemia 

in the peripheral blood of the pregnant women and, therefore, impact the level of transmission and spread 

of resistant parasites [94,95]. However, to estimate their potential contribution to the maintenance of 

malaria transmission, future studies on gametocyte dynamics will be needed to accurately calculate the 

duration of gametocytaemia among infected pregnant women [93,96]. 

 

In agreement with many others, asexual parasite density was the main predictor of gametocyte carriage 

[97]. Our findings did not indicate any association between gametocyte carriage and gametocyte density 

with the number of IPTp-SP doses. However, we only measured gametocyte carriage at delivery, 

precluding an analysis of a potential triggering effect of repeated SP use on gametocyte production. 

Therefore, further studies with repeated sampling over time may help to elucidate a potential effect of SP 

in triggering gametocyte commitment. The use of sensitive molecular methods to detect gametocytes is 

thought to be informative in monitoring the risk of malaria parasites transmission from human hosts to 

mosquito vectors. Additionally, quantification of the densities and gametocyte sex ratio in parasite 

carriers it would also increase our understanding of the effect of SP on gametocyte production. Previous 

studies regarding the influence of sex ratio on infectivity, have shown a complex relationship between 

gametocyte density and mosquito infection [90]. A study in 2018 has shown that, although the 

infectiousness to mosquitoes is primarily determined by the density of female gametocytes, transmission 

from low gametocyte densities is mainly dependent on the male gametocyte density [98]. This highlights 

the importance of measuring both female and male gametocyte density when estimating the human 

reservoir of infection [99]. 
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5.2. Study limitations 

In Chapter II, IPTp-SP coverage may have been overestimated due to the lower representation of the rural 

population in the study in comparison with the district general population (since women from the rural 

area are those at higher risk of low IPTp-SP uptake). However, the enrollment of women in the community 

and at health facilities including those with non-institutional deliveries allowed us to better investigate 

distinctive factors affecting IPTp uptake under routine circumstances in women with different access to 

health facilities and thus to IPTp-SP. In the detection of malaria infection, placental malaria infection was 

detected by histology. However, qPCR on placental blood is an alternative diagnosis that may have 

detected more active infections. The use of qPCR has been shown to detect a substantial number of women 

with parasites undetected by histology [100]. Failure of placental histological examination to detect some 

P. falciparum infections in placental samples is possibly due to a limitation of histology to differentiate 

between chronic, true past infections and artefacts due to the accumulation of pigment other than 

hemozoin [101].  

 

In Chapter III, the selection of interview participants at ANC visits meant that we missed the perspective 

of pregnant women who did not attend ANC visits. Furthermore, no data collection through focal group 

discussions (FGD) was performed in this study. FGD would have enabled us to explore in greater depth 

the experiences and beliefs concerning access to and the use of IPTp-SP access among different community 

members, including male partners and community leaders, which are considered influential in shaping 

pregnant women’s perceptions and practices with regard to ANC and IPTp-SP. 

 

In Chapter IV, potential overestimation of the prevalence of multiple mutant haplotypes may have 

occurred due to the high rate of polyclonal infections. However, this is unlikely, as results obtained by 

RFLP (among them the observation of new mutations at codons I164L and A518G and absence of A613S) 

were confirmed (in a subset of samples) by Sequenom typing and Sanger sequencing. 
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5.3. Conclusions 

 

IPTp-SP coverage in the study area was low. The frequency of pregnant women receiving the 

recommended IPTp-SP (≥ 3 doses) was 46.6%, far below the national target of 80%. The uptake of IPTp-

SP is influenced by several factors such as non-institutional births, delays in accessing ANC, irregular 

ANC attendance and insufficient counselling by health workers. These data should inform future country 

decisions on the increase of malaria prevention in pregnancy. 

 

Maternal malaria infections were mainly asymptomatic and more likely to be acquired by young mothers 

(< 20 years old) living in rural areas. Receipt of ≥ 3 IPTp-SP doses did not result in a significant reduction 

of malaria infections and adverse pregnancy outcomes among pregnant women at delivery. However, 

babies born from women in their first pregnancy were at higher risk of being underweight at birth.  

 

The emergence of sextuple mutant parasites was reported for the first time in Mozambique. However, 

these mutations were not associated with adverse pregnancy outcomes. The study further shows an 

important burden of submicroscopic gametocyte carriers infected with mutant parasites, indicating that, 

with the use of a drug that increases gametocyte carriage for malaria prevention during pregnancy, 

pregnant women may become an important human reservoir of malaria transmission. Given that the 

sextuple mutation is a biomarker of the “super-resistance” phenotype and the loss of SP effectiveness, 

these results indicate that IPTp-SP is becoming ineffective at protecting against MiP in the study 

population. 

Overall, the findings of this thesis indicate that there is low coverage of IPTp and a worryingly increase 

of SP resistance in the study area. Sextuple mutant parasites, previously described to be associated with 

no protection against LBW have been observed. Therefore, control strategies aiming to increase coverage, 

improve access to health services and service quality are needed, and they should particularly target rural 

populations. High priority must be given to implementing appropriate strategies in different regions and 

in the country in general. Also, it is urgent for Mozambique to identify safe and cost-effective alternatives 

drugs to SP to use as chemoprophylaxis of malaria during pregnancy, if results indicate loss of efficacy as 

a result of mutant parasites. As an alternative, ISTp could be used; however, the use of ultra-sensitive 

tools should be considered. 
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5.4. Perspectives for future research 
 

- This thesis has explored the coverage and determinants of IPTp uptake among pregnant women 

from a rural population, including women in the community and at the health centres. However, 

several research questions remain and merit further investigation. Currently, data on IPTp-SP 

coverage is only available at the provincial level. It would be important to evaluate IPTp-SP 

coverage and factors influencing its uptake at the district level to identify local specific factors to 

modify in order to scale up malaria prevention for pregnant women. Moreover, further studies 

are required to identify the determinants of provider adherence to IPTp protocols. 

 

- Regular monitoring of mutations conferring resistance to SP should remain a priority in 

Mozambique to measure the effectiveness of IPTp-SP and detect the emergence of new mutations 

[1]. Research in this respect is required to determine the potential effects of these mutations on 

pregnancy outcomes as well as the effect of IPTp on these mutations.  

 

- Studies investigating alternative regimes and strategies to replace SP for IPTp during pregnancy 

showed that DHA-PQ to be more effective than IPTp with SP for malaria prevention during 

pregnancy [66]. Evaluation of this alternative drugs is needed in Mozambique. Also, daily CTX 

prophylaxis has been shown to be effective in preventing malaria infection during pregnancy and 

its adverse consequences [76, 77]. HIV-infected women were excluded from this study. This needs 

to be assessed in the future. 

 

- While estimating the human reservoir of infection, research to evaluate -with longitudinal data- 

the potential triggering effect of repeated SP use on gametocyte commitment would also be useful. 

Studies on the dynamics of P. falciparum gametocyte carriage in pregnant women under SP 

treatment showed that IPTp-SP treatment is very likely to contribute to modification in parasite 

populations, which may have implications for increasing the infectivity of the parasite. Here, we 

did not evaluate the gametocyte sex ratio in relation to the use of IPTp. This needs to be assessed 

in the future. 
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