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Chapter 1 

GENERAL INTRODUCTION 

 

1.1        Burden and epidemiology of malaria in pregnancy 

Burden of malaria in pregnancy 

Each year malaria causes approximately 225 million cases globally, resulting in an estimated 

781, 000 deaths, primarily occurring in children and pregnant women (WHO, 2010). Malaria in 

pregnancy is an important public health problem that affects millions of women globally and 

results in substantial maternal and especially foetal and infant morbidity in sub-Saharan Africa 

and is estimated to be responsible for approximately 75,000-200,000 infant deaths and 10,000 

maternal deaths annually (Steketee et al, 2001; Desai, 2007). Maternal anaemia is common in 

both areas of high and low malaria transmission (Brabin et al, 2008) and is often caused by the 

excess removal of non-parasitized erythrocytes in addition to immune destruction of parasitized 

red cells and impaired compensation for this loss by bone marrow dysfunction (Ekvall, 2003). In 

2007, an estimated 54.7 million pregnancies occurred in areas with stable P. falciparum malaria 

(30 million in Africa) and a further 70.5 million in areas with exceptionally low malaria 

transmission or with P. vivax only (Dellicour et al, 2010). The vast majority (90%) of all malaria 

morbidity and mortality occur in sub-Saharan Africa, mainly caused by P. falciparum, the 

deadliest of the five human malaria species, with Anopheles gambiae complex as the 

predominant vector (WHO, 2008). A review of 20 studies from 8 countries in Africa conducted 

between 1985 and 2000 showed that the median prevalence of maternal malaria infection (the 

sum of peripheral or placental parasitemia) in all gravidae was 27.8% while the median 

prevalence of placental malaria was 26% (5-52%) (Steketee et al, 2001; Guyatt & Snow, 2004). 

Thus approximately 1 in 4 pregnant women in areas of stable transmission in Africa have 

evidence of infection with malaria at the time of delivery (Desai et al, 2007).  

In 2007, Kenya’s population was 37.5 million of whom about 9.1 million were women of 

child-bearing age; of these 1.3 million were estimated to become pregnant in areas where malaria 

is endemic (Dellicour et al, 2010). Previous estimates have shown that in areas of Kenya with 

moderate to intense malaria transmission nearly 6000 primigravidae develop severe malaria-

induced anaemia annually (Snow et al, 1998). In our study area of western Kenya, approximately 
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1 out of 5 women and 7 out of 10 women coming for first antenatal clinic visit are parasitaemic 

and anaemic respectively (Ouma et al, 2007).  

The current estimates of the burden of malaria in pregnancy  are likely lower than the 

actual burden because they are based on point-prevalence data and do not take in to account 

women who may have had malaria before or after the time of the point estimate. Moreover, these 

data are based on light microscopy which does not capture sub-microscopic parasitaemia that can 

be captured by more sensitive methods such as PCR or placental histology (Singer et al, 2004).  

 

 Epidemiology 

Differences in parasite genetics, transmission intensity and host susceptibility explain some of 

the differences in the features of malaria in pregnancy between different areas and the variations 

have important consequences for the acquisition of natural immunity (Nosten et al, 2004). In all 

malaria-endemic areas pregnant women are at a higher risk of malaria infection than their non-

pregnant counterparts or adult males (Brabin, 1983). The clinical consequence of malaria in 

pregnancy is dependent on the intensity of malaria transmission, maternal age, gravidity and HIV 

infection (Nosten et al, 2004). Thus the epidemiology of malaria in pregnancy shows 

fundamental differences which have important implications for treatment and prevention 

strategies.  

 

High or moderate (stable) malaria transmission areas  

 Pregnant women living in highly endemic areas experience asymptomatic peripheral 

parasitaemia, rarely showing symptoms of malaria when infected, yet these infections are 

associated with maternal anaemia and low birth weight (Nosten, 2004; Guyatt & Snow, 2004; 

Desai et al, 2007). The prevalence of placental and peripheral infection is higher in the first or 

first two pregnancies compared to later pregnancies (Brabin et al, 1983). The risk of LBW 

approximately doubles if women have placental malaria with the greatest effect seen in 

primigravidae (Guyatt & Snow, 2004). Young maternal age is an independent risk factor 

regardless of parity (van Eijk et al, 2002; Dicko et al, 2003; Bardaji et al, 2008). Peak prevalence 

is found early in the second trimester (13-16 weeks) but decreases as gestation progresses 

(Brabin 1983; McGregor 1983). Relatively little is known about infection risks and their 

consequences in the first trimester (Desai et al, 2007) but there is evidence suggesting that 
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pregnancy-induced changes in the spleen function early in pregnancy predispose primigravidae 

to P. falciparum as early as 8 weeks gestation (Brabin et al, 1988). 

 

Epidemic or low (unstable) malaria transmission areas 

In areas of low or seasonal malaria transmission there is no constant challenge to the immune 

system and acquisition of  immunity or pregnancy-specific immunity is minimal or non-existent, 

exposing pregnant women of all gravidities and ages to similar risk of malaria infection (Nosten 

et al, 1991). In these settings malaria infection will often become symptomatic and in some 

women may progress to severe forms resulting in central nervous system complications and 

other conditions including, hypoglycaemia, severe anaemia, abortions and still-births (Steketee et 

al, 1996; Luxemburger et al, 1997). 

 

The impact of malaria on birth outcome 

Maternal malaria infection affects the foetus in many stages of development. First, many 

pregnancies do not reach term due to abortion or still-birth. LBW due to malaria may result from 

intrauterine growth retardation or preterm delivery (PTD) (Guyatt et al, 2001) depending on the 

level of malaria transmission (Luxemburger et al, 2001). Infants born to primigravidae with 

malaria have the greatest risk of LBW (Guyatt et al, 2001). 

In sub-Saharan Africa estimates of malaria's contribution to LBW are 8-14%, and range 

from preterm-LBW of 8-36% to intra-uterine growth retardation-LBW of 13-70% (Steketee et al, 

2001) and in areas of stable malaria transmission LBW is associated with marked increase in 

childhood mortality (Greenwood et al, 1992; Luxemburger et al, 2001).  

Several studies have demonstrated the association of malaria in pregnancy and early 

morbidity in infants and children. In Cameroon malaria parasitemia was higher in children (4-6 

months of age) born to women with malaria-infected placentas (Le Hesran, 1997). In Tanzania  a 

41% increased risk of malaria infection was reported in infants born to women with placental 

malaria (Mutabingwa et al, 2005) and a study in Gabon demonstrated that infants born to 

multigravid women with placental infection had increased risk of peripheral parasitemia or 

clinical malaria (Schwarz et al, 2008). A more recent study in Kenya showed that infants 

exposed to malaria in utero had an increased risk of childhood malaria and anaemia (Malhotra et 

al, 2009). In Zaire, now Democratic Republic of Congo, maternal peripheral malaria was 
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associated with a significant increase in peri-natal death (Nyirjesy, 1993). Similarly, the risk of 

dying during the post-neonatal period was higher for infants born to women with malaria than 

those without malaria (Verhoeff et al, 2004). A randomized controlled trial in Southern 

Mozambique demonstrated that maternal malaria may have a direct effect on neonatal mortality, 

and that neonatal mortality can be reduced by 60% with effective prevention of malaria in 

pregnancy (Menendez et al, 2010).  

Symptomatic congenital malaria has rarely been reported in holoendemic areas, although 

cord parasitemia has been demonstrated and shown to be associated with prematurity (Redd et al, 

1996); congenital malaria has been more frequently found in off-spring of semi-immune mothers 

but to date researchers have not identified the clinical (or immunological) significance of cord-

blood parasitemia, an area that needs further research (Desai et al, 2007). Long term 

consequences of malaria on the child has not been conclusively studied however although 

collateral effects of LBW resulting from malaria are likely to be the same as that of other causes 

of LBW. Possible long term effects are thought to include cognitive impairment, learning 

disability and behavioural problems. 

 

1.2        Interaction with HIV 

 During the past three decades, HIV/AIDS emerged as a major public health problem 

significantly overlapping with malaria in sub-Saharan Africa where an estimated 55% of HIV-

infected adults are women of reproductive age (Dabis et al, 2002). In 2009, approximately 22.5 

million adults and children were living with AIDS in sub-Saharan Africa (WHO, 2010) and it 

has now become clear that among pregnant women, the majority of co-infections with HIV and 

malaria occur in sub-Saharan Africa (ter Kuile et al, 2004). Interaction between malaria and HIV 

in pregnant women has important public health implications requiring a combination of 

strategies for prevention and treatment in this sub-group (Slutsker & Marston, 2007). In this sub-

section we describe the effect of HIV on malaria, the effect of malaria on HIV and the effect of 

dual infection. 

 

Effect of HIV on malaria 

Studies examining the effects of HIV on malaria have shown that HIV-infected pregnant women 

experience more malaria and higher density malaria parasitemia (Whitworth et al. 2000), which 
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tends to become more pronounced with advancing immunosuppression (Laufer et al, 2006). 

More studies demonstrated that HIV alters the typical gravidity-specific pattern of malaria risk 

by shifting the burden from primarily primigravidae and secundigravidae to all pregnant women 

(Verhoeff et al, 1999; van Eijk et al, 2001; ter Kuile et al, 2004). The proportional increase of 

malaria during pregnancy attributable to HIV is estimated to be in the range of 5.5% and 18.8% 

for populations with HIV prevalence of 10% and 40% respectively (ter Kuile et al, 2004). HIV 

infection in pregnancy is associated with reduced efficacy of malaria prophylaxis and treatment 

such that HIV-infected women require more frequent doses with anti-malarial drugs to achieve a 

reduction in placental malaria similar to that seen in HIV-negative women (Parise et al, 1998; 

Filler et al, 2006). HIV-infected women with malaria appeared to be at a three-fold increased risk 

of SP treatment failure compared to HIV-uninfected women (Shah et al, 2006).  

 

Effect of malaria on HIV 

Malaria infection has been shown to increase HIV viral load (Kublin et al, 2005) and an 

association between malaria infection and a decline in CD4 cell count has been demonstrated 

(Mermin et al, 2006). Another study in Malawi demonstrated increased plasma- HIV viral load 

in pregnant women with a corresponding increased risk of mother-to-child transmission (MTCT) 

of HIV (Dembo et al, 2008). However, a study in western Kenya reported that the interaction 

between placental malaria and MTCT appears to be variable and complex; women with high 

density malaria had significantly higher rates of MTCT than parasitaemic women with low 

density malaria (Ayisi et al, 2004). Malaria has also been shown to be associated with an 

increase in placental HIV RNA concentrations, with greater concentration found in women with 

higher malaria parasite densities (Mwapasa et al, 2004). Malaria has an important indirect effect 

on the risk of HIV transmission because anaemia caused by P. falciparum remains a frequent 

cause of blood transfusion, a risky procedure in settings where universal blood screening has not 

been adopted (Slutsker & Marston, 2007). 

 

Effect of dual infection 

 Both malaria and HIV have disproportionate effects on pregnant women and pose serious health 

consequences. Dually infected women have more febrile illnesses, more anaemia and more 

adverse birth outcomes such as LBW, prematurity and intrauterine growth retardation than 
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women with single infections with malaria or HIV (Verhoeff et al, 2004; ter Kuile et al, 2004). In 

Kenya, dual infection was shown to result in a 3-fold increased risk of LBW in primigravidae, 

and more than doubled the risk of severe to moderate anaemia in both primigravid and 

multigravid women (Ayisi et al, 2003) and a study designed to assess whether malaria and HIV 

could be risk factors for infant anaemia showed that HIV infection of the infant was a consistent 

risk factor for anaemia throughout infancy (van Eijk et al, 2002). Similarly, a study in Zimbabwe 

showed that dual infection with malaria was associated with increased risk of maternal, perinatal 

and early infant death (Ticconi et al, 2003) and a study to assess the impact of maternal HIV on 

birth outcomes showed that infants born to HIV-infected mothers had a significantly higher post-

neonatal mortality rate than infants born to HIV negative mothers (7.8% vs. 1.9% respectively) 

(Naniche et al, 2009).  

 

1.3        Patho-physiology of P. falciparum malaria in pregnancy 

Molecular characteristics and pathology 

A characteristic feature of infection with P. falciparum is sequestration, a process involving the 

accumulation of large numbers of parasitized erythrocytes in various organs, including the 

placenta (Beeson et al, 1998; Brabin et al, 2004). P. falciparum infected erythrocytes (IEs) 

containing mature trophozoites and schizonts can adhere to specific receptors (proteins) on host 

cells by means of the parasite variant surface antigens (VSA) expressed on the surface of 

infected erythrocytes, an important virulence factor enabling parasites to accumulate in various 

organs (Beeson et al, 2000). In the placenta chondroitin sulfate A (CSA) (Duffy & Fried, 1999) 

has been identified as the dominant protein and to a lesser extent, hyaluronic acid (HA) (Beeson 

et al, 2000). 

  Placental IEs often differ from peripheral IEs (Rogerson, 2007). Placental parasites 

express VSA acting as ligand and adhere to CSA adhesion receptors in the intervillous space 

(Muthusamy, 2004) whereas placental infected erythrocytes adhere to glycosaminoglycan 

receptors not exploited by other infected erythrocytes, and do not bind to receptors commonly 

used for sequestration by parasites found in peripheral circulation (Beeson et al, 1999). As a 

result malaria parasites can accumulate in the intervillous spaces (the lake-like structures through 

which maternal blood circulates), sometimes to high densities (Duffy et al, 1999). Placental 
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malaria may be accompanied by intervillous infiltrates of monocytes and macrophages, some 

containing malaria pigment (hemozoin) and are associated with anaemia (Ordi et al, 1998). High 

density monocyte infiltrates are especially common in the first pregnancy, and are associated 

with LBW and anaemia; and high placental parasitemia has been associated with preterm 

delivery (PTD) (Rogerson et al, 2007).  

The sequestered parasites avoid passage through the spleen, where specific and non-

specific immune responses might eliminate them. The resultant placental pathological changes 

lead to substantial adverse pregnancy outcomes including prematurity and intrauterine growth 

retardation (Ordi et al, 1998). Unlike P. falciparum, P. vivax is not known to sequester in deep 

vascular beds and specifically has not been noted to sequester in the placenta (Duffy et al, 1999). 

 

Immunology 

Immunity to malaria parasite seems to develop over many years of exposure and residents of 

endemic areas reduce the frequency of disease and subsequently the density of parasitaemia 

(Duffy et al, 2001). Protective immunity (IgG) against these pregnancy specific parasites is 

gradually developed over successive pregnancies and serum from men or primigravidae do not 

have these antibodies and primigravidae develop higher density infections and more intense 

inflammatory responses (Rogerson et al, 2007). Understanding the biological basis for 

cytoadherence has indeed opened new possibilities for future vaccine development (Greenwood 

et al, 2007).  

 

1.4        Control of malaria during pregnancy 

 WHO recommendations 

Currently WHO recommends a three-pronged approach to control malaria during pregnancy. 

These include, 1) prompt case management of symptomatic malaria and anaemia, 2) Intermittent 

preventive treatment with sulfadoxine-pyrimethanine, and 3) use of insecticide treated bed nets 

(WHO, 2004). The policy also considers pregnant HIV-infected women receiving daily 

cotrimoxazole prophylaxis to be adequately protected from malaria and advices against 

additional IPTp provision in this sub-group (WHO, 2006). 
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Diagnosis of malaria in pregnancy 

Prompt and reliable diagnosis is essential for the effective management of malaria in pregnancy 

(WHO, 2006; McMorrow et al, 2011; WHO, 2010) and is considered one of the key WHO 

strategies for malaria control. Unfortunately in developing countries there are many structural 

barriers to the reliable diagnosis (Lindblade et al, 2000). Thus in many malaria endemic 

countries in sub-Saharan Africa, malaria is treated presumptively by relying on fever as a 

cardinal sign (Chandramohan et al, 2002; Skarbinski et al, 2009). This approach lacks specificity 

as fever due to malaria is indistinguishable from fever occasioned by other infectious diseases 

and leads to substantial over-diagnosis of febrile illness as malaria (Greenwood et al, 2005). In 

pregnant women malaria diagnosis is particularly challenging because symptoms differ by the 

intensity of malaria transmission. In areas of high transmission acquired immunity confers partial 

protection against severe disease masking overt signs of infection in semi-immune pregnant 

women. Secondly, the parasite may be sequestered in the placenta even when they cannot be 

demonstrated in the peripheral blood and peripheral malaria parasitemia detected by microscopy 

in pregnant women does not always provide an accurate estimation of the prevalence of placental 

malaria parasitemia (Singer et al, 2004). In the past, the poor performance of microscopy and 

availability of safe and inexpensive drugs (e.g. chloroquine) made presumptive malaria treatment 

justifiable (Zurovac et al, 2006); but with the introduction of the more expensive artemisinin-

based combination therapy, the safety of which is not yet fully evaluated in pregnancy, and 

concerns about rapid development of resistance, diagnosis has become more critical (Greenwood 

et al, 2004; Nosten et al, 2007). To date light microscopy remains the gold standard for malaria 

diagnosis but is fraught with numerous logistical and technical problems (Hamer et al, 2007). 

Two potential alternatives to microscopy are polymerase chain reaction (PCR) and malaria rapid 

diagnostic tests (RDTs). PCR remains a tool for epidemiological and laboratory studies and has 

not been considered for point of care use. Good quality RDTs are highly sensitive and specific in 

the diagnosis of peripheral and placental malaria by detecting specific antigens from red blood 

cells infected with malaria parasites (Leke et al, 1999; WHO, 2008; Skarbinski et al, 2009).  

   RDTs rely on the detection of one or more of three antigens: P. falciparum-specific 

histidine rich protein 2 (HRP2), pan-specific Plasmodium lactate dehydogenase (pLDH) and 

pan-specific Plasmodium aldolase (de Oliveira et al, 2009). RDTs are easy to use and interpret 
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and are  substituting  microscopy at the primary levels of health care in sub-Saharan Africa with 

limited access to good quality microscopy capability.  

Consistent with WHO recommendations the Kenyan Ministry of Health currently 

advocates for diagnosis-based treatment which relies on using RDTs in peripheral health 

facilities and microscopy at the secondary and tertiary health care levels (Ministry of Health, 

Kenya, 2010). However, RDTs have not yet been rolled out as specified in policy documents. 

 

Treatment of malaria in pregnancy 

Prompt and effective treatment of patients with malaria parasitaemia is a cornerstone of the 

global control efforts to reduce malaria morbidity and mortality (WHO, 2006).Treatment for 

malaria during pregnancy may differ from country to country depending on the severity of 

disease, parasite species, level of resistance and stage of pregnancy. However, the current WHO 

guidelines  for treatment of pregnant women with uncomplicated P. falciparum infection in the 

first trimester of pregnancy are, 1) to administer quinine and clindamycin for 7 days (artesunate 

plus clindamycin for 7 days if this treatment fails), 2) artemisinin-based combination therapy 

(ACT) is  indicated if it is the only treatment immediately available, or if treatment with 7-day 

quinine plus clindamycin fails or uncertainty of compliance with a 7-day treatment exists. 

Artemisinin and its derivatives should not be used as monotherapy. In the second and third 

trimesters, ACTs known to be effective in the country/region or artesunate plus clindamycin 

should be given for 7 days, or quinine plus clindamycin also for 7 days. Lactating women should 

receive standard antimalarial treatment (including ACTs) except for dapsone, primaquine and 

tetracyclines. Severe malaria should be treated as a medical emergency. After rapid clinical 

assessment and confirmation of the diagnosis, full doses of parenteral antimalarial treatment 

should be started without delay with whichever effective antimalarial is first available. Lack of 

adequate options to treat malaria during pregnancy remains a big concern. The paucity of anti-

malarial drugs considered safe for use in pregnancy has largely been exacerbated by limited 

investment in clinical trials to test new drugs in pregnant women. Of the 435 malaria treatment 

trials done between 1966 and 2002 only 2.8% were done among pregnant women (Myint et al, 

2004).  This lack of studies has rendered many women to continue to be treated with inferior 

regimens such as 7 days of quinine in view of operational effectiveness even in the second and 

third trimester instead of the more pragmatic 3-day ACT. 
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In Kenya oral quinine is recommended for all trimesters of pregnancy in case of uncomplicated 

malaria. Where unavailable, especially in rural health facilities, artemisin-based combination 

therapy can be used from the second trimester onwards (Ministry of Health Kenya, 2010). 

 

Intermittent preventive treatment for malaria in pregnancy (IPTp) 

Malaria poses special risks to women during pregnancy and preventing malaria is essential to 

ensure good pregnancy outcomes. To prevent these adverse outcomes, the World Health 

Organization (WHO) recommends that suppressive doses of an effective anti-malarial drug be 

given to women in malaria endemic areas throughout pregnancy. Chemoprophylaxis is effective 

in preventing deaths and morbidity from malaria and has been used by travellers moving in to 

malaria endemic areas for years (Greenwood, 2010). Initially WHO recommended weekly 

chloroquine (CQ) chemoprophylaxis, a policy that has since been shelved because of poor 

compliance of women and the high rate of P. falciparum resitance to CQ.  In the mid 1990s, 

IPTp replaced weekly CQ chemoprophylaxis as the drug-based strategy for the prevention of 

malaria during pregnancy and has now been adopted by almost all malaria-endemic countries in 

Africa (ter Kuile et al, 2007; van Eijk et al, 2011). IPTp involves the administration of a 

complete curative dose of an anti-malarial drug at predefined intervals during pregnancy (from 

the second trimester, at least one month apart) regardless of whether or not the pregnant women 

are infected with malaria (WHO, 2007). IPTp during pregnancy provides intermittent clearance 

or suppression of existing asymptomatic infections from the placenta (the treatment effect) and 

drugs with long half-life such as sulfadoxine-pyrimethamine may prevent new infections by 

maintenance of suppressive drug levels, the prophylactic effect (ter Kuile et al, 2007). In areas of 

Africa with stable P. falciparum transmission, the World Health Organization (WHO) 

recommends that at least 2 doses of SP be given during the second and third trimester of 

pregnancy (WHO, 2006). Three doses are recommended for women with HIV-infection who are 

not taking cotrimoxazole for prophylaxis of opportunistic infections (WHO, 2006). A review by 

ter Kuile et al (2007) showed that IPTp-SP had a beneficial effect on maternal and infant health 

such as reduction in maternal anaemia, placental parasitemia and incidence of LBW.  

 In the absence of definitive pharmacokinetic studies, the optimal dosage for SP in 

pregnant women was unclear at the time of its implementation. However, subsequent studies 

showed that pregnancy significantly modifies the disposition of SP such that there are 
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differences in pharmacokinetic parameters between pregnant and non-pregnant women for 

sulfadoxine and plasma levels are low in pregnancy and elimination time is quicker, thereby 

concluding that the current 2-dose regimen may have been an underestimate in pregnancy (Green 

et al, 2007). A recent study in Mali comparing the efficacy and safety of a 3-dose versus 2-dose 

IPTp regimen has demonstrated the superiority of the 3-dose regimen in reducing the prevalence 

of placental parasitemia (8% versus 16.7%) and low birth weight (6.6% versus 3.3%) or preterm 

births (3.2% versus 8.9%), again showing that the 2-dose regimen may have been sub-optimal 

(Maiga et al, 2011). These studies suggest that the longevity of IPTp-SP could be extended by 

using the three-dose regimen. Importantly, clinical trials assessing the safety and efficacy of 

possible replacement drugs are at advanced stages (http://www.mip-consortium.org/). IPTp-SP 

potential alternative drugs include mefloquine alone (for HIV-uninfected women) or in 

combination with cotrimoxazole (for HIV-infected women) and azithromycin in combination 

with CQ for HIV-uninfected women (Pfizer).  

  

Insecticide treated bed nets for malaria prevention 

One of the most important strategies for malaria prevention during pregnancy is the use of 

Insecticide Treated Nets (ITNs). ITNs reduce human-vector contact by physically screening 

them, killing them if they land on ITNs or repelling them from landing. ITNs significantly 

reduce all-cause childhood morbidity and improves growth in infants by reducing the incidence 

of malaria and anaemia (ter Kuile et al, 2003) and high coverage of ITNs has been shown to 

extend protection to compounds with no ITNs (Hawley et al, 2003). In pregnant women, 

randomized controlled trials as well as meta-analysis of studies done in Africa have shown that 

ITNs effectively prevent malaria and anaemia in pregnant women (Njagi et al, 2003; ter Kuile 

2003; Gamble et al, 2007).  

 

1.5        Drug interactions 

 Folic acid and SP 

 At the time our studies were designed in the early 2000’s, apart from the uncertainty about the 

optimal dosage of SP and the rapid development of antifolate resistance, other amenable 

programmatic problems were suspected to affect the effectiveness of SP. SP and folate are 

concomitantly administered at the ANC, the former to prevent malaria and the latter as a 
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micronutrient supplementation. Folate supplementation in pregnancy has been associated with 

reduction of anaemia and prevention of megaloblastic erthropoiesis (Tamaru & Picciano, 2006) 

and is universally recommended as a critical component of antenatal care.  There is good 

evidence from systematic reviews of randomized controlled trials showing that folate 

supplementation around conception and early in pregnancy is effective in protecting the foetus 

against neural tube (spine and brain) defects and continued supplementation during pregnancy 

prevents anaemia in the mother. Although the international recommendation for folate 

supplementation for pregnant women is 0.4 or 0.6 mg per day (Tamaru & Picciano, 2006) in 

many African countries, including Kenya, the dose of folate used is 5mg , because 5 mg is 

widely available (Parikh & Rosenthal, 2010). SP prevents malaria by blocking folate 

biosynthesis and folate supplementation is likely to cancel out this mode of action. High dose 

folate has been shown to reduce the effectiveness of SP in vitro (Watkins et al, 1985) and in vivo 

(van Hensbroek et al, 1995; Nzila et al, 2006; Carter et al, 2005) and results from other studies 

(Dzinjalamala et al, 2005; Carter et al. 2005) suggest that high dose folate can reduce the 

efficacy of SP in children and adults. In a  double-blind placebo-controlled trial among pregnant 

women with uncomplicated malaria in western Kenya we showed that high dose folate 

supplementation reduces the efficacy of SP in clearing malaria in pregnant women and enabled 

the evidence to be generalized to pregnant women (Ouma et al, 2006). 

 The concomitant use of high dose folate reduces the efficacy of SP in clearing peripheral 

malaria from pregnant women. Similar consideration may apply to CTX which is also an 

antifolate with the same mode of action as SP. CTX is increasingly being relied on to prevent 

opportunistic infections in HIV-infected persons and for malaria prevention in pregnant HIV-

infected women. 

 

1.6   Coverage of IPTp and ITNs 

Coverage of IPTp 

IPTp was adopted by the WHO for the control of malaria in pregnancy in areas of moderate to 

high transmission in Africa (WHO, 2004). The pace of adoption was initially slow (Hill & 

Kazembe, 2006); of the 46 countries endemic for P. falciparum malaria, 36 have epidemiological 

conditions that the WHO Regional Office for Africa considers to be appropriate for IPTp 

(Crawley et al, 2007). By 2003, it was reported that only 25% (9 out of 36) had adopted IPTp-SP 
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as policy. A recent survey has shown that by 2007, 39 (83%) of 47 countries surveyed had an 

IPTp policy (van Eijk et al, 2011) but coverage with this important strategy remains dismal and 

only few countries attained the RBM targets of 80% (Hill & Kazembe, 2006; Crawley et al, 

2007; van Eijk et al, 2011). Further analysis of national household cluster-sample surveys from 

across sub-Saharan Africa showed that only 25% of the women received 1-dose of IPTp with a 

median of 17% receiving the recommended 2 doses; this low coverage persisted in a background 

of high ANC attendance (77%) (van Eijk et al, 2011). 

Although IPTp had been implemented in Kenya since 1998 several surveys have shown 

extremely low uptake. A study done in a large hospital in western Kenya in 2004 reported that 

only 24% of the women had received 2 or more doses of IPTp-SP (van Eijk et al, 2004) and a 

study done in the same year in 4 districts of Kenya showed that only 4 % of women had received 

2 or more doses of IPTp-SP (Guyatt et al, 2004). Subsequent studies published from 2005 to 

2008 showed uptake of between 5-25% (van Eijk et al, 2005; Ouma et al, 2007; Kenya Malaria 

Indicator Survey, 2007; Gikandi et al, 2008) and the  latest nationally representative data in 

Kenya showed that only 25% of women still receive this intervention (Kenya Malaria Indicator 

Survey,  2010).The probable operational challenges for IPTp uptake include inequitable access to 

ANC services, payment policies for IPTp, health care worker skills and beliefs, staff shortages at 

antenatal clinics, drug shortages, not providing SP directly observed, lack of demand for ANC, 

perceptions of drug safety and late antenatal attendance (Hill & Kazembe, 2006).  

 
Coverage of ITNs 

 ITNs as a tool for malaria control has received considerable interest over the last two decades 

and efforts to increase coverage in Africa are being accelerated. By the year 2010,  45 out of 47 

(96%) sub-Saharan African countries had adopted ITNs as policy but coverage remained sub-

optimal; weighted average for 32 African countries was only 17%,  the highest coverage being 

attained in Zanzibar, Madagascar and Rwanda (van Eijk et al, 2011). In spite of this apparent 

underachievement, a huge international drive led by the Roll Back Malaria initiative of  “Scale 

Up for Impact” (SUFI)  has led to a rapid increase  of insecticide treated  nets/long lasting 

insecticidal nets (ITNs/LLINs) (Steketee R.W & Campbell, C.C, 2010), which is partly credited 

with a substantial decline of malaria incidence in most African countries (Omeara et al, 2010; 

Feng et al, 2010).  
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1.7        Description of the study site 

Study site and population  

The studies described in this thesis were conducted at the KEMRI/CDC research station which is 

situated approximately 15 kilometres from Kisumu city of Nyanza province in western Kenya. 

KEMRI/CDC research station which started in 1979 as a malaria and vector biology research 

centre has today expanded to include other areas of technical focus including Global Disease 

Detection (international emerging infections, influenza, refugee health, field epidemiology 

training), HIV/AIDS (research and programme), Tuberculosis (research and programme) and the 

demographic surveillance system. Clinical trials were conducted at the New Nyanza Provincial 

General Hospital (NNPGH) and two other district hospitals (Bondo and Siaya). The NNPGH is a 

large referral hospital in Kisumu district (population approximately 500, 000 inhabitants) on the 

northern shores of Lake Victoria in western Kenya. About 90 women attend the prenatal clinic 

service daily, of whom 33% arrive for their first antenatal visit. The hospital offers routine and 

specialized services, including maternal and child health services, prevention of mother-to-child 

transmission of human immunodeficiency virus (HIV), voluntary counselling/testing for HIV 

and malaria prevention including provision of IPTp and ITNs at the ANC. Siaya and Bondo 

district hospitals are each situated approximately 70 kilometres from the KEMRI/CDC research 

station and form critical catchment areas for the research station. They each serve a population of 

about 300, 000 people. The cross-sectional surveys for maternal care and IPTp coverage were 

conducted within the KEMRI/CDC demographic surveillance system (DSS) which covers a 

population of 135, 000 people spread over an area of 500 square kilometres. Every four months 

the households are visited to collect health and demographic information, ideally providing an 

unbiased sampling frame for epidemiological studies (Figure 1).  

 

Epidemiology of malaria in the study site  

The epidemiology of malaria is typically holo-endemic, with year-round transmission. The 

proximity of the lake, extensive swamps, abundant rainfall (1000-1,500 mm/year), and a year-

round warm climate combine to make the region favourable for Anopheles mosquito propagation 

and malaria transmission. Historically, malaria transmission in this area has been intense with 

entomological inoculation rate (EIR) in the range of 30-300 infectious bites per person per year 

(Beier et al, 1994); however, this level of transmission was reduced by almost 90% after the 
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introduction a large community-based trial of insecticide-treated nets conducted in 1992-2002 

(Lindblade et al, 2004). Entomological Inoculation Rate (EIR) is currently estimated at 10 

infectious bites per person per year (KEMRI/CDC DSS annual report, 2010).  

Although a steady decline was reported between 1982 and 2007 malaria still remains 

prevalent. Data from a recent community-based parasitaemia and anaemia survey showed an 

overall malaria prevalence of 40% (43% in children < 5 years, 60% in children aged 5-14 years 

and 22% in those aged > 15 years), denoting a shift of malaria prevalence from children aged < 5 

years to the 5-14 year age category. Approximately 20% of pregnant women have peripheral 

malaria when they come for first ANC visit.  At the time of our study the background prevalence 

of placental malaria among women coming to deliver at Siaya district hospital was 17.2% 

(Perrault et al, 2009). The highest incidence of malaria occurs after the onset of long (March 

through May) and short rains (October through December).  P. falciparum is the dominant 

malaria species, accounting for > 98% of infections. Since 1998, SP has been the first line 

treatment of uncomplicated malaria but was replaced by artemether-lumefantrine in 2006 when 

the Kenyan Ministry of Health adopted ACTs.   

 

Other health indicators  

Maternal mortality ratio in the study area is 753/100,000 and is considered one of the highest in 

the country, the national average being 414/100,000 live births,  infant mortality rate is estimated 

at 125/1000 live births and the overall life expectancy at birth is 38 years (36 for men and 39 for 

women). Similarly, HIV prevalence is highest in our study area (population level prevalence of 

15% compared to the national average of 7%). Residents around Kisumu, Siaya and Bondo 

District Hospitals are mainly of the Luo ethnic group who earn their living through subsistence 

farming, fishing and small businesses. 

 

KEMRI/CDC research station in Kisumu, Kenya 

 The KEMRI/CDC research station in Kenya was established in 1979 and has long collaboration 

with the Centers for Disease Control and Prevention (CDC) of the United States of America. 

KEMRI/CDC research station has abundant office spaces and well-established ultra-modern 

laboratories capable of multiple real-time assays to support epidemiologic, immunologic, 

parasitic and entomologic studies. At the time of our field work the station had over 1000 well-
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trained field staff of community interviewers, laboratory technicians, administrators, and data 

managers who provide efficient services. Apart from the initial collaboration with CDC, the 

station has expanded to collaborate with several universities across the world, including the 

Academic Medical Centre of the University of Amsterdam, Amsterdam, The Netherlands. 

The Demographic Surveillance Area 

Figure 

1: The study site in western Kenya 

 

1.8        Thesis objectives 

General objective 

The overall aim of this thesis is to describe the magnitude of malaria and anaemia in pregnant 

women, to assess the interaction between sulfadoxine-pyrimethamine and folic acid, to review 

the status of implementation of malaria control interventions and to examine the current WHO 

recommendations for malaria prevention in pregnant HIV-uninfected and HIV-infected women. 
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 Specific objectives 

In this thesis we specifically aimed to: 

 

1) describe the burden of malaria, anaemia and associated risk factors among pregnant 

women in western Kenya (chapter 2) 

 

2) assess whether co-administration of a high dose or a low dose  folate supplementation 

affects the efficacy of sulfadoxine-pyrimethamine for malaria prevention in pregnant 

women in western Kenya (chapter 3))  

 

3) assess whether physiologic folic acid concentration affects the efficacy of 

sulfadoxine-pyrimethamine for treatment of uncomplicated malaria in western Kenya 

(chapter 4) 

 

4) assess whether daily cotrimoxazole prophylaxis given to pregnant HIV-infected 

women for prevention of opportunistic infections adequately prevents 

placental/peripheral malaria in western Kenya (chapter 5)  

 

5) assess the effect of health care worker re-training on scaling-up IPTp coverage in 

western Kenya (chapter 6) 

 

6) describe the context of antenatal and delivery care and its relationship with malaria 

prevention in pregnant women in western Kenya (chapter 7) 

 

7) discuss policy implications of these findings, the lessons learnt and the current 

challenges for MIP control  (Chapter 8) 
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1.9        Organization of the thesis 

The thesis is organized in 8 chapters 

Chapter 1 is a general introduction of the burden of malaria in pregnancy in the world, in sub-

Saharan Africa and in the context of the study area (western Kenya). It also covers patho-

physiology, diagnosis, treatment and strategies for malaria prevention in pregnant women. 

Chapter 2 describes the burden of malaria and anaemia in pregnancy, the associated risk factors 

and suggests remedies for prevention among women coming for first antenatal clinic visit, in 

western Kenya, an area of perennial malaria transmission. 

Chapter 3 explores whether factors other than the development of  

P. falciparum resistant strains affects the efficacy of sulfadoxine-pyrimethamine (SP), 

specifically whether high dose folate supplementation reduces the efficacy of SP. 

Chapter 4 explores whether physiological and biological factors such as plasma folate 

concentrations, maternal age, sickle cell trait and indicators of socioeconomic status are also 

predictors of SP treatment failure. 

Chapter 5 is an assessment of the current WHO guidelines for malaria prevention in pregnant 

HIV-infected women. It aims to assess whether cotrimoxazole prophylaxis provided to pregnant 

HIV-infected women adequately prevents placental malaria as currently recommended by the 

WHO. 

Chapter 6 addresses main obstacles to implementation of malaria prevention strategies in 

western Kenya with special reference to intermittent preventive treatment for malaria in 

pregnancy (IPTp). In particular it explores whether re-training of health care workers on policy 

issues relating to IPTp results in scaling-up the use of IPTp in a demographically defined area of 

western Kenya 

Chapter 7 discusses antenatal and delivery care in western Kenya, measuring the proportion of 

women who visit ANC by conducting repeat cross-sectional surveys and comparing results over 

time. It also explores the viability of the ANC as a future platform for malaria surveillance and 

control in the context of declining malaria incidence. 

Chapter 8 discusses the overall thesis in view of key findings, lessons learnt, implications for 

policy and critical areas for future research. 
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