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Summary 

 

Chapter 1: Introduction 

This chapter gives an overview of the current estimates of the burden of malaria in pregnancy 

globally, in Africa and in Kenya. It also describes the epidemiology and pathophysiology of 

malaria in different transmission settings and discusses the geographical overlap between malaria 

and human immunodeficiency virus infection (HIV), and the impact of dual infection on the 

mother, the foetus and on birth outcomes. It also discusses coverage with current malaria 

prevention measures. Finally it describes the study setting for the studies described in this thesis 

in relation to geography, infrastructure and the local malaria epidemiology.     

 

Chapter 2: Malaria and anaemia among pregnant women at first antenatal clinic visit in western 

Kenya. 

In sub-Saharan Africa malaria and anaemia are some of the most important health problems that 

women encounter during their pregnancy. In a cross-sectional study we collected blood smears 

and measured haemoglobin levels among 685 urban and peri-urban women coming for their first 

antenatal visit and showed that malaria and anaemia are already established at the first antenatal 

visit (malaria being present in 1 out of 5 women, and anaemia in 7 out of 10 women). We also 

established that the majority of women come to the antenatal clinic (ANC) in their second 

trimester (median gestational age at first visit was approximately 6 months).  

In the multivariate analysis young maternal age, first pregnancies, Luo ethnicity, and 

spending a night in a rural malarious area were significant predictors of malaria parasitemia. Luo 

ethnicity and malaria parasitemia were significant predictors of anaemia (adjusted prevalence 

ratios 1.16 (95% confidence interval [CI] 1.02-1.31) and 1.34 (95% CI 1.24-1.45) respectively. 

We concluded that malaria control programmes should emphasize early ANC attendance as 

recommended by the World Health Organization (WHO) and that although some malaria control 

measures such as intermittent preventive treatment (IPTp) with sulfadoxine-pyrimethamine (SP) 

are not recommended until after quickening, an earlier start of the use of insecticide treated nets 

(ITNs) and iron and folate supplementation, even before pregnancy may be beneficial. 

Distribution of ITNs through ANC should be encouraged but with an important caveat that this 

may not have impact on malaria in pregnancy before the first ANC visit. 
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Chapter 3: A randomized controlled trial of folate supplementation when treating malaria in 

pregnancy with sulfadoxine-pyrimathamine 

IPTp with SP is recommended by WHO for malaria prevention in pregnant women living 

in areas with high and moderate malaria transmission. There is good evidence from systematic 

reviews of randomized controlled trials that folate supplementation around conception and early 

in pregnancy is effective in protecting against neural tube (spine and brain) defects and continued 

supplementation around pregnancy prevents anaemia in the mother. However, folic acid 

synthesis by malaria parasites is also the target of antifolate anti-malarial drugs such as SP. 

Previous studies have shown that folate antagonizes SP in vitro and in vivo, and other 

population-based results suggest that high dose folate can reduce the efficacy of SP in children 

and in adults. Unfortunately, these studies did not examine the effect of high dose folate in 

pregnant women, for whom most national bodies recommend regular folate supplementation. In 

this chapter we aimed to show whether folate supplementation in a high (5 mg) or a low daily 

dose (0.4 mg) affects the efficacy of SP when treating uncomplicated malaria in pregnancy. 

Consistent with previous studies in non-pregnant adults our data showed that the efficacy of SP 

to clear malaria parasites is compromised by the concomitant administration of a high but not a 

low dose of folic acid and conclude that countries that use SP for treatment or prevention of 

malaria in pregnancy need to evaluate the antenatal policy on timing or dose of folate 

supplementation to optimize SP efficacy. 
 

Chapter 4: Plasma Folate Level Predicts Sulfadoxine-Pyrimethamine Treatment Failure in 

Pregnant Women in Western Kenya 

  In order to fully understand the role of factors other than resistance on the efficacy of SP 

we further investigated the association between physiologic folate levels and SP treatment failure 

in pregnant women by determining plasma folate levels at enrolment (day 0) and at day 7. 

Plasma folate levels were measured by use of an Abbot AxSYM system (Abbott laboratories). 

This method is based on ion-capture technology, whereby negatively charged complexes are 

formed during a reaction between folate and a reagent composed of folate-binding protein and 

monoclonal antibodies. These complexes are captured through electrostatic interaction with a 

positively-charged glass fibre matrix. Folate is then quantified by measuring the population of 

unoccupied folate binding-protein sites. 
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 We used Kaplan-Meier curves and Cox proportional-hazards regression analysis to 

examine factors affecting the time to treatment failure for days 3, 7, 14 and 28. Factors examined 

included maternal age, trimester of pregnancy, sickle cell trait, indicators of socioeconomic 

status, season (rainy or dry), study site, high parasite density, anaemia and HIV-infection.  

At enrolment folate levels were comparable in all groups: at day 7 the group that had 

received 5 mg folate had a significant median increase of 9.2 ng/mL (interquartile range, 2.4-

16.3 ng/mL, in folate level, whereas the group that had received 0.4 mg  of folate had a median 

increase of 2.7 ng/mL (interquartile range 0-7.5 mg/mL). 

Factors associated with treatment failure were young age and high initial parasite 

densities. High physiologic folate at enrolment, high dose (5 mg/day) folate supplementation and 

high folate levels at day 7 were the most consistent risk factors across all time points, and were 

independent of age and parasite density at enrolment.  

Our findings that physiologic folate levels markedly affect SP efficacy provides further 

support for our previous observation that high dose (5 mg/day) folate supplementation should be 

avoided in pregnant women who are receiving SP for prevention or treatment of malaria (chapter  

3). In the light of the present findings, we hypothesize that high dose folic acid could potentially  

reduce the efficacy of CTX, an antifolate with similar mode of action which is currently the 

standard of care for preventing opportunistic infections in HIV-infected individuals, including 

pregnant women.   

  

Chapter 5: A retrospective Study to Assess the Effectiveness of Daily Cotrimoxazole Prophylaxis 

on the Prevention of Malaria in Pregnant HIV-infected Women  

The current WHO recommendation for malaria prevention in pregnant women relies on 

the use of insecticide treated bed nets or long lasting nets (LLINS) and intermittent preventive 

treatment (IPTp) with sulfadoxine-pyrimethamine (SP); however, IPTp-SP is not recommended 

in pregnant HIV-infected women taking cotrimoxazole daily prophylaxis because concomitant 

administration of both drugs could exacerbate sulfa toxicity. It was also assumed that CTX could 

prevent placental malaria but at the inception of this study there was paucity of data regarding 

efficacy of daily CTX to prevent placental/peripheral parasitemia in pregnant HIV-infected 

women as recommended by WHO and Kenya national guidelines.  
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In a retrospective study of 375 pregnant HIV-infected women in western Kenya, we 

measured the prevalence of placental parasitemia in women who took CTX alone, SP alone, 

combined CTX and SP (inadvertent exposure) as well as women who did not take any 

intervention during their pregnancy. Our results showed that CTX daily prophylaxis reduced the 

prevalence of placental parasitemia to a threshold that we defined as acceptably low (<10%) and 

that was comparable to previous studies on the impact of IPTp-SP (the current standard of care 

for malaria prevention in pregnant HIV-uninfected women). In addition, the protective efficacy 

improved with early initiation and adherence to CTX. Consequently we recommended that 

pregnant HIV-infected women should be identified early and initiated on CTX prophylaxis.  

The results of this study are important because they demonstrate the effectiveness of 

CTX under programmatic conditions and contribute the much needed evidence suggesting that 

CTX prophylaxis adequately protects pregnant HIV-infected women from placental/peripheral 

parasitemia. In addition our data also showed that CTX daily prophylaxis may confer protection 

against other adverse pregnancy outcomes, such as infant low birth weight. 

Our results validate the current WHO and Kenya government guidelines for malaria 

prevention in pregnant women, and support the reliance on daily CTX for malaria prevention in 

HIV-infected pregnant women. Especially in light of our current findings, the recommendation 

of daily CTX during pregnancy for HIV infected women should be re-emphasized. 

 

Chapter 6: The effect of health care worker training on the use of intermittent preventive 

treatment for malaria in pregnancy 

The World Health Organization currently recommends a three-pronged approach to 

mitigate the adverse consequences of malaria in pregnancy. They include prompt and effective 

treatment (within 24 hours of the onset of fever) with an effective anti-malarial drug, intermittent 

preventive treatment (IPTp) with sulfadoxine-pyrimethamine (SP) and use of insecticide treated 

or long-lasting nets (LLINs). In 2000, the WHO in consultation with African heads of state set 

bench mark targets that needed to be achieved by the year 2005. The target set for IPTp was that, 

“at least 60% of all pregnant women, who are at risk of malaria, especially those in their first 

pregnancies, should have access to chemoprophylaxis or intermittent preventive treatment”. 

Although most malaria endemic countries adopted IPTp policy, successive evaluations have 

shown extremely low coverage. Even where health infrastructure is good and commodities are 
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available, performance has been sub-optimal. Previous studies in Kenya, for example, showed 

that significant IPTp missed opportunities occurred largely due to the health care worker’s 

inadequate knowledge of when to give IPTp. This low coverage has resulted in renewed efforts 

to look for novel ways for improvement. One of the strategies proposed was to improve the 

knowledge of the health care providers by offering brief orientation (refresher training) on 

provision of IPTp using job aids. In a cross-sectional survey of 724 women, we assessed the 

effect of this orientation training on the use of intermittent preventive treatment for malaria in 

pregnancy. We collected data on IPTp coverage in areas where health care workers had received 

orientation training and compared this to data from areas where they were not trained. In 

Asembo, the area of training, coverage increased from 19% in 2002 to 61% in 2005 for at least 

one dose (P < 0.05), and from 7% to 37% for two doses of SP (P < 0.05). In Gem, where no 

training had been conducted, coverage changed from 17% to 28% and 7% to 11% (P> 0.05), 

respectively. Women living in the area where training occurred were significantly more likely to 

receive 2 or more doses of SP (adjusted odds ratio 4.73, 95% confidence interval 3.16-7.07). 

Among health care providers we identified health worker confusion surrounding the appropriate 

timing of IPTp use as an important reason for a less than optimal coverage with IPTp despite the 

long period of policy implementation. We conclude that refresher training and use of simplified 

messages may be a key strategy in achieving the Roll Back Malaria targets for malaria 

prevention in pregnancy in Kenya, currently benchmarked at 80%. 

 

Chapter 7: Antenatal and delivery care in rural western Kenya: the effect of training health care 

workers to provide, “focused antenatal care” 

Maternal mortality remains disturbingly high in sub-Saharan Africa and the UN 

Millennium Development Goal (MDG) on maternal Health aims to reduce the number of women 

who die in pregnancy and child-birth by three-quarters between 1990 and 2015. To achieve this 

goal, it is estimated that an annual decline in MMR of 5% is needed; however between 1990 and 

2005 the annual decline was only 0.5% in the sub-Saharan region, compared to 4.2% for the 

middle income countries of Asia. 

Maternal mortality occurs from risks attributable to pregnancy and childbirth as well as 

from poor availability or quality of health services. Causes may be due to obstetric problems or 

to infectious diseases. Malaria has been shown to be an important cause resulting in 
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approximately 10, 000 deaths in sub-Saharan Africa annually. Prevention and treatment of 

malaria is an essential component of prenatal care in areas where this disease is endemic. 

Experiences from different countries have shown that reducing maternal mortality may depend in 

part on the availability and use of a professional attendant at labour and delivery and a referral 

mechanism for obstetric care for managing complications, or the use of basic essential obstetric 

care facilities. However, in many instances health care workers lack basic knowledge of 

contemporary policy procedures and require refresher courses (on-the-job training) for optimal 

service delivery. There is broad agreement that antenatal care interventions can lead to improved 

maternal and newborn health, which can also impact on the survival and health of the infant. 

In two cross-sectional surveys we assessed whether re-training health care workers led to 

an improved uptake of antenatal and delivery care between the years (2002 and 2005) or when 

we compared areas where health care workers were re-trained (Asembo) with areas where such 

re-training never occurred (Gem).  

Our results showed that re-training of health care workers was associated with a modest 

improvement in performance of some aspects of ANC such as provision of IPTp as well as iron 

and folic acid. Furthermore, there was higher rating for quality of care and an increase in the 

number of deliveries conducted by a skilled attendant in areas where re-training was conducted. 

However, the effect of re-training on other services was disappointing. This indicated that only 

some parts of the training were incorporated in to the daily routine, but that others may have 

been ignored. We noted that ANC attendance remained high throughout the period of the two 

surveys (86% and 90% in 2005, and 2002, respectively). This is important because ANC 

provides the first level of contact pregnant women have with the national health care system and 

provides an ideal platform for the prevention of malaria and other diseases. Furthermore, it 

shows that the apparent low IPTp coverage (Chapter 6) seen in this area (20% of women receive 

the recommended 2-dose IPTp regimen) has more to do with health care worker performance 

(missed opportunities at the ANC itself) than the clients (pregnant women). We concluded that 

the improvement recorded was encouraging given the short duration of the training sessions and 

time lapse between the training and the time of evaluation. To meet international goals to reduce 

maternal mortality in developing countries, alternative methods to improve antenatal and 

delivery care should be explored. 
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Chapter 8: Discussion and Conclusion 

This chapter puts the materials in chapters 1-7 in perspective and highlights the lessons learned 

and recommendations for the future. These studies have led us to recommend the use of ITNs 

and iron and folate supplementation before pregnancy and the use of low dose folic acid when 

SP is used for the prevention or treatment of malaria. We also examined the effectiveness of 

daily cotrimoxazole on the prevention of placental malaria in HIV-infected women, and the 

effect of retraining/orientation of health care providers to improve uptake of IPTp and other 

ANC services and discuss the implications. Finally we discuss the importance of these studies 

for Kenya in the face of changing malaria epidemiology. 

151




