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development. 
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Underweight 

Undernutrition 
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develops with increasing age. 

- Slowing of skeletal growth that results in reduced stature or 

length. It is measured using minus two standard deviations 

from median height-for-age of the reference population. 

- Condition measured by weight-for-age which acts as a 

composite measure of stunting and wasting. It is measured as 
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Z-score 
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ABSTRACT 
Seasonal patterns of malaria and its health related consequences among adolescent girls in rural 

Malawi 
Gertrude T.C. Kalanda 

Introduction and objectives: The prevention and control of malaria in young women is a key strategy in 
reproductive health. This study presents the results of cross-sectional surveys amongst female adolescents living 
in the Shire valley, rural Malawi, an area holoendemic to malaria. The patterns of malaria and magnitude of 
associated factors were determined, and considered in relation to an adolescent girls literacy programme (AGLlT) 
aimed at improving health seeking behaviour and malaria knowledge. 
Methodology: Two community-based cross-sectional malaria, nutritional and health surveys of non-pregnant 
adolescent girls were conducted using single-stage cluster sampling during the dry (Sept- Dec 200S; 1S villages, 
n=477), and wet seasons (Jan- June 2006; 19 villages, n=786), to determine magnitude and factors associated with 
malaria parasitaemia. Parasites on microscopy defined parasitaemia prevalence, and parasitaemia with fever 
(~37.5"C) defined symptomatic malaria. AGLIT programme cross-sectional surveys were completed prior to 
(n=933) and following a 9 month curriculum (n=860) and malaria knowledge change was assessed. 
Results: Mean ± one standard deviation values for chronological age, gynaecological age and age at menarche 
were 13.2±2.9, 2.4±1.6, and 14.3±1.2 years, respectively. Stunting prevalence was 8.4% and 13.6 % in the dry and 
wet seasons, respectively (p=0.009); 19.2% had low weight-for-age, 23.4% low body mass index (BMI) for age and 
69.6% low mid-upper-arm-circumference (MUAC) for age with no seasonal variation. When adjusted for season, 
height for age z-scores and low MUAC for age showed no significant associations with co-variates; BMI z-score 
was associated with maternal education [PRR 1.23, 95% CI 1.02-1.48, p=0.03]. Anaemia prevalence (Hb<12 g/dl) 
was 57.0% in the wet and 60.7% in the dry season (p=0.20) and severe anaemia (Hb<8 g/dl) prevalence 3.6% in 
the wet and 5.3% in the dry seasons (p=0.18). Chronic malnutrition was prevalent and potential exposure to 
Schistosomiasis was not infrequent, especially in the wet season. 

P. !alciparum malaria prevalence was 5.7% in the wet and 3.4% in the dry season (p=0.07). Significant 
seasonal prevalence was apparent in younger adolescents <14 years [PRR 2.28, 95% CI 1.08-4.82, p=0.03]. Factors 
associated with malaria parasitaemia were chronological age [PRR 0.92, 95 % CI 0.87-0.97, P = 0.02], gynaecogical 
age [PRR 0.63, 95 % CI 0.40-0.98, p=0.04] and paternal education [PRR 0.88, 95 % CI 0.80-0.97, p=0.009], adjusted 
for season of survey. Symptomatic malaria prevalence was 2.8% in the dry and 3.6% in the wet season (p=0.35), 
and was associated with chronological age [PRR 0.93,95 % CI 0.86-0.98; p=0.02j and paternal education [PRR 0.83, 
95 % CI: 0.74-0.94; p=0.002), with borderline significance for gynaecological age [PRR 0.65, 95 % CI 0.40-1.01, 
p=0.05). Puberty corresponded with a reversal of the age dependent decline in malaria prevalence. 

JTNs were readily available in households 77.1 %, (dry) and 82.9 % (wet), (p=0.010). Mean±sd ITN number 
per household was 1.6±1.3 (dry) and 1.7±1.2 (wet), (p=0.02). ITN access was 46.6%. Factors associated with ITN 
access were unmarried [PRR 0.27, 95% CI 0.10-0.73, p=O.Ol], postmenarche [PRR 2.01, 95% CI 1.28-3.17, 
p=0.002), maternal education [PRR 1.06, 95% CI 1.01-1.12, p=0.02], and participant literacy [PRR 1.65, 95% CI 
1.12-2.43, p=0.01j. ITN use was 63.8% (dry) and 88.2% (wet), p<O.OOl. This was associated with season [PRR 2.04, 
95% CI 1.58-2.63, p<O.OOl), gynaecogical age [PRR 1.29, 95 % CI 1.19-1.41, p<O.OOl) and participant education 
[PRR 1.12,95 % CI 1.06-1.18, p<O.OOl). Malaria prevalence was not associated with ITN access [PRR 0.93,95% CI 
0.55-1.57, p=0.79) or ITN use [PRR 2.09, 95% CI 0.62-7.06, p=0.24).These results indicate good ITN access, low 
usage and no significant improvements in malaria prevalence suggesting infrequent adherence. 

Self-treatment with an antimalarial drug was 12.9 % in pregnant and 2.4 % in non-pregnant adolescents, 
(p=0.008). The rate of antimalarial drug self-treatment in the first trimester was 3.2 %, which was comparable to 
that for non-pregnant adolescents (p=0.51). Factors associated with self-treatment were gynaecological age [PRR 
1.51, 95% CI 1.18-1.93; p<0.001), literacy [PRR 1.10, 95% CI: 1.02-1.20; p =0.02) and symptomatic malaria [PRR 
6.57, 95% CI: 1.85-23.37; p=0.004). Inadvertent antimalarial drug exposure in the first trimester should be 

recognised and evaluated. 
Malaria knowledge (MK) in out-of-school adolescent girls (mean±sd age 14±2.5yrs) attending AGLlT, was 

assessed at enrolment and evaluation. 87.1% had poor MK. Associated factors were young age [AOR 1.49, 95% CI 
1.05-2.13, p=O.03] and maternal illiteracy [AOR 6.44, 95% CI1.25-33.12, p=0.03] in unmarried girls; and having no 
previous child [AOR 3.59, 95% CI 1.21-10.67, p=0.02) in married. MK improved post-AGLIT class attendance and 
regression analysis showed that 18% of improved MK was attributable to acquired literacy skills, assuming 

illiteracy at enrolment. 
Conclusion: These female adolescents experienced some malaria risk with no significant seasonal difference. 
Malaria prevalence was influenced by puberty. Lack of access to preventive measures, low literacy, anaemia and 
undernutrition were prevalent. Improved strategies for malaria control in pre-pregnant adolescent girls are 
required and should possibly be integrated as part of Adolescent Friendly Health Services provision. 
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CHAPTER ONE 

INTRODUCTION AND AIMS 

1.1 Malaria in adolescent girls as a public health problem 

The prevention and control of malaria is a key strategy in reproductive 

health in malaria endemic areas. At high risk of malaria infection are adolescent girls 

who prematurely become pregnant (WHO 2007). However, information on malaria 

risk before pregnancy is limited because malaria infection among adolescents in these 

endemic areas is thought to be infrequent and asymptomatic and therefore to remain 

undetected and untreated. The evidence for this is limited (Lalloo et al. 2006). 

Therefore, understanding the problem of malaria infection in the pre-pregnant state and 

its prevention and control strategies is of importance and could contribute to reducing 

malaria risk in pregnancy. 

The approach of this research study utilizes the public health problem

solving paradigm (Guyer 1998). As such, this work addresses the epidemiology of 

malaria as it applies to the adolescent as well as issues related to adolescent help

seeking as well as health literacy. The paradigm includes six steps, with modifications 

to fit particular circumstances and depending on the expanse of knowledge already, 

with the 3 latter stages being applicable to policy development. The steps are: (a) 

defining the problem; (b) measuring the magnitude of the problem; (c) developing a 

conceptual franlework for key determinants of the problem, including biological, 

epidemiological, socio-cultural, economic and political determinants; (d) identifying 

and developing interventions and prevention strategies; (e) setting priorities among 
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strategies and recommending policies; and (f) implementing progranunes and their 

evaluation. This research does not go as as far as steps (d) to (f) because these 

specifically involve policy, however, its findings could contribute towards these. 

1.2 Adolescence 

Adolescence is defined as the process of growing up which covers the 

period between childhood and maturity (Brook 1985). It encompasses the physical 

changes of puberty as well as the psychosocial developmental process. These changes 

vary widely in both amount and duration, between individuals, between males or 

females, as well as among populations (Neinstein 1996). 

Puberty is a collective term embracing all those morphological and 

physiological changes present in the growing boy or girl as the gonads change from the 

infantile to the adult stages of development (Marshall 1978). It is a result of complex 

developmental processes which occur in the central nervous system and endocrine 

system (Marshall 1978). These changes involve nearly all organs and structures of the 

body. The principal manifestations include the adolescent growth spurt, the 

development of gonads in relation to secondary reproductive organs and secondary sex 

characteristics, changes in body composition and the development of the circulatory 

and respiratory systems. Puberty is not an isolated event but a continuous process, 

usually beginning and ending within the second decade of life. This transition does not 

occur by a tmiform synchronous process (Neinstein 1996) and may be interrupted by 

environn1ental as well as host factors influencing the adolescent's health. 

The adolescence period can be conceptualized into three psychosocial 

developmental phases: early adolescence (approximate ages 10 - 13 years); middle 
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adolescence (approximate ages 14 - 17 years); and late adolescence (approximate ages 

17 - 21 years) (N einstein 1996). These phases, which overlap, are determined by the 

physiological stage of maturation, how the individual responds to all the changes of 

puberty and the life tasks of the individual (Neinstein 1996). 

For public health assessments, adolescence is defined as the period of 

growth between 10 to 19 years of age (World Health Organization 2001). Infomlation 

on the timing and occurrence of the pubertal phases is not routinely collected and 

therefore age is sometimes used to arbitrarily demarcate this process into early 

adolescence from 10 to 14 years and late adolescence from 15 to 19 years (United 

Nations Population Fund 2007). Medically, adolescent problems can be encompassed 

within the specialties of paediatrics and adult medicine (Brook 1985). In this thesis, the 

World Health Organisation (WHO) definition of adolescence is adopted, unless stated 

otherwise. 

1.3 Adolescent health 

In 2005, the estimated 1.2 billion adolescents constituted nearly one fifth 

of the world population (The World Bank Group 2007). These are the world's 

political and economic future and understanding their health situation is of great 

importance. Adolescents world-wide are prematurely taking up challenging adult roles 

including parenthood and labour activities which may make them vulnerable to 

interruption of education, early and even single parenthood, exposure to injury and 

infectious diseases. This affects their general health, physiological and psychological 

well being. Because of relatively low mortality rates during adolescence, this period 

had long been regarded as one of the healthiest periods of life. As a result, little 

attention had been given to adolescent health and nutrition. 
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Access to good health services for adolescents is often limited and even the 

uptake may be poor, thereby increasing their risk of morbidity and mortality (World 

Health Organization 2001). These adolescents have a right to access adolescent 

friendly health services that can protect them from HIV I AIDS and other threats to their 

health and well-being such as malaria (World Health Organization 2001). The period 

of adolescence offers a last window of opportunity to correct problems inflicted in 

childhood and to prepare for the demands of adult life, and this opportunity should not 

be missed. 

Despite a shift toward later marriage in many parts of the world, 82 million 

girls in developing countries who are now aged 10 to 17 years will be married before 

their 18th birthday. This makes adolescent females more vulnerable to undesirable 

health outcomes than adolescent males. Gender considerations are therefore 

fundamental in health programming (United Nations Population Fund 2007). 

1.4 Epidemiology of malaria infection 

Malaria is a parasitic disease which can be transmitted to people of all 

ages. It is caused by parasites of the species Plasmodium that are spread from person to 

person through the bites of infected mosquitoes. Malaria infection is mostly found in 

the tropical and sub-tropical regions of the world and approximately 40 % of the 

world's population is at risk of acquiring this infection (WHO 2000). It causes more 

than 300 million acute illnesses and at least one million deaths annually (Roll Back 

Malaria 2004). The Roll Back Malaria (RBM) Partnership estimates that ninety 

percent of these deaths occur in Africa south of the Sahara, mostly in young children 

(Roll Back Malaria 2004). 
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The risk and epidemiology of malaria for different geographical areas and 

age groups is determined by malaria transmission intensity (MacDonald 1957). At one 

extreme is unstable transmission that occurs under conditions of low transmission with 

risk of epidemics. This is due to no or a low level of acquired malarial immunity, and 

leads to a risk of clinical disease occurring in children as well as adults with an 

increased risk of severe forms of the disease. In contrast, stable transmission results 

from a high transmission intensity which exposes children to multiple infections from 

an early age, with a peak incidence in the second and third year of life (MacDonald 

1957). Under these conditions, immunity develops from early infancy and malaria 

incidence declines with increasing age. The frequency of clinical malaria is therefore 

correspondingly reduced in adults and is usually in mild forn1 (Bruce-Chwatt 1963). 

Under stable conditions, when severe malaria occurs, clinical manifestations differ by 

age group. In children, cerebral malaria, anaemia, respiratory distress and metabolic 

acidosis are common manifestations of severe malaria, whereas in adults cerebral 

malaria, renal failure and hepatic impairment are the most common features (Marsh ef 

al. 1995). 

The endemicity pattern and level of transmission intensity are determined 

by the number of infective bites per person per year, often expressed as the 

entomological inoculation rate (EIR). However, a wide spectrum of variation within 

the classifications of unstable and stable malaria transmission exists as the precise 

relationship between frequency of parasite exposure, functional inmmnity and disease 

risk still remains ill defined (Snow et al. 1999). For example, different patterns of 

transmission were noted within short distances of the san1e area in Brazzaville, Congo 

(Trape 1987) and summation of various studies showed that the spectrum of stable 
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endemicity may be maintained over a wide range of transmission pressures from 

approximately one to one thousand infective bites per year (Marsh & Snow 1999). 

There are five Plasmodium species of public health importance. Four 

specIes of Plasmodium (Plasmodium Jalciparum, Plasmodium vivax, Plasmodium 

malariae and Plasmodium ovale) have been known to cause malaria in humans and 

their severity of illness varies. The fifth parasite Plasmodium knowlesi (White 2008), 

which is a fatal simian malaria parasite, was reported in the human population of 

Malaysian Borneo using molecular tools (Cox-Singh et al. 2008; Singh et al. 2004) 

and has been confirmed in others parts of South-east Asia (Cox-Singh et al. 2008; 

Kamteie ef al. 2008; Luchavez et al. 2008; Ng ef al. 2008). P. falciparum malaria is 

the commonest malaria species throughout the sub-tropics and tropics (Snow & Gilles 

2002). P. vivax has the widest geographical range, being prevalent in many temperate 

zones as well as the sub-tropics and tropics. P. malariae is patchily present over the 

same range as P. Jalciparum but much less common. P. ovale is chiefly found in 

tropical Africa and occasionally in the West Pacific (Snow & Gilles 2002). 

P. Jalciparum malaria infection is the primary focus of this thesis because 

it is the species of major public health importance in Malawi. Over 85 % of the malaria 

infections are due to P. falciparum alone, with a small number of mixed infections 

with P. ol'ale and P. malariae, variable according to location (Ministry of Health and 

Population 2001). In the lower Shire valley where this research study was conducted, 

P. falciparum is predominant in 99.5 % with a small proportion of P. malariae (0.5 

%), (Mzilahowa 2005). 

1.5 Strategies for malaria prevention and control 
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The key to controlling malaria is a combination of both preventive and 

curative approaches. Those at risk must have access to the most effective preventive 

measures, and those suffering from malaria must have access to prompt and effective 

treatment (Roll Back Malaria partnership 2004). The RBM Partnership recommends 

that people suffering from malaria, especially children and pregnant women, need to 

be diagnosed and given effective and affordable drug treatment within 24 hours of the 

first symptoms appearing (Roll Back Malaria partnership 2004). In the wake of rapidly 

developing resistance to many currently used antimalarial drugs, combination 

treatment preferably with an artemisinin-based combination therapy (ACT) is 

recommended. 

Preventive measures in those at risk of malaria infection include personal 

protection and mosquito control. Chemoprophylaxis is recommended for non-immune 

populations and for some vulnerable groups such as in patients post-splenectomy. In 

pregnant women intermittent preventive treatment (lPTp) is recommended, which 

involves providing pregnant women with antimalarial drugs at defined intervals during 

their antenatal care visits. IPTp has been shown to substantially reduce the risk of life

threatening complications which occur in mothers and babies as a consequence of 

malaria in pregnancy. Insecticide-treated mosquito bed nets, if used properly, are one 

of the best ways to prevent mosquitoes from biting people and infecting them with 

malaria (Hill ef al. 2006). They are especially recommended for use among young 

children, pregnant women, and those living with HIV/AIDS. Other insecticide-treated 

materials such as curtains and clothes (Kimani ef al. 2006) have been shown to be 

effective in community studies but their usage is not emphasized in current policy. 

Spraying the inside of people's houses with insecticide to kill malaria mosquitoes, 

known as indoor residual spraying (IRS), is also used to control mosquito populations. 

7 



IRS is especially recommended in epidemic-prone areas or dense urban settings, and in 

countries where there is a strong, well-organized public sector delivery mechanism. 

Other interventions at individual level include use of body and space repellents. 

All the means to control malaria would be useless if they do not reach and 

are not used by those who need them. Adolescents living in malarious areas need to 

have access to all these life-saving interventions, although this particular risk group has 

received little priority in the context of malaria control interventions. This may be 

partly because they are often considered to be covered under the umbrella of antenatal 

care, but this excludes the specific needs of the non-pregnant adolescent girl. 

1.6 Study aims and objectives 

The aim of this research was to describe the magnitude and factors 

associated with P. Jalciparum malaria among adolescent girls (10- 19 years old) in 

southern Malawi. 

Specific objectives: 

I. To describe nutritional and health characteristics of non-pregnant adolescent 

females 

2. To describe the point prevalence of Plasmodium Jalciparum parasitaemia and 

symptomatic malaria infection in non-pregnant adolescent girls during the dry 

(low transmission) and wet (high transmission) seasons at the community 

level. 

3. To describe the factors associated with P. Jalciparum malaria infection in non

pregnant adolescent girls. 
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4. To determine the access and utilisation of IINs for malaria prevention in non

pregnant adolescent girls and the effects of reported lIN availability, access 

and use on malaria, anaemia and nutritional status. 

5. To assess antimalarial and other drug self-treatment rates for presumed 

malaria infections in non-pregnant and pregnant adolescent females. 

6. To assess malaria knowledge, factors associated with poor malaria knowledge 

and the impact of acquired literacy on malaria knowledge among the 

adolescent girls attending an adolescent girl's literacy programme (AGLIT). 

1. 7 Thesis structure 

This thesis is presented in nine chapters. Chapter one summarises the 

background information to the studies presented in this thesis. Chapter two is a review 

of relevant literature. Chapter 3 describes the methodology used in the study. Chapters 

four to eight present the results. All result chapters have sections that give a brief 

introduction, the objective, any additions to the methodology that relate to specific 

chapter objectives, results with the related discussion and conclusions. Chapter four 

describes the study population, with emphasis on nutritional and health characteristics 

(objective 1). Chapter five describes seasonal malaria prevalence and its associated 

factors (specific objectives 2 and 3). Chapters six and seven address objectives 4 and 5, 

respectively. Chapter eight addresses objective 6. Research findings are summarized in 

Chapter nine with a general discussion of the conclusions emphasising their relevance 

for public health. 
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CHAPTER TWO 

LITERATURE REVIEW 

The objectives of this review were to summarise available data on host susceptibility 

to Plasmodium falciparum malaria in female adolescents, the prevalence and burden 

of malaria- related disease, the estimates of efficacy of malaria-related interventions 

and their access in this specific age group. 

2.1 Host susceptibility to P. jalciparum infection 

Host susceptibility to infectious diseases such as P. Jalciparum infection is 

age and sex dependent among adolescents. Intrinsic features of the immune system 

that change with age may determine key characteristics of the immune response, 

depending upon the frequency, conditions of exposure and whether the infection is 

acute or chronic (Baird 1998). Patterns of infection between males and females are 

likely to be different due to inter-related differences in exposure, immunity acquisition, 

immune response, hormonal differences or they might reflect differences in access to 

health services or compliance with treatment (Brabin 2004). Exposure to infective 

vectors is related to behaviour and work patterns in males and females, which are 

frequently distinct (Brabin & Brabin 1992a). This differential exposure influences the 

evolution of the age-specific disease profiles according to the specific conditions and 

environments under which the individual lives (Abebe et al. 2002). 

Evidence for the effects of host genetic factors on the risk of acquiring P. 

falciparum infection and for developing severe malaria complications is substantial 

(Hill 2006). Erythrocyte variants that are protective for malaria include sickle cell trait 

(HbAS), Haemoglobin C, Haemoglobin E, the alpha- and beta-thalassaemias, glucose-
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6-phosphate dehydrogenase deficiency and pyruvate kinase deficiency (Aidoo et al. 

2002; Brabin & Perrin 1985; Brabin & Brabin 1990; Hill 2006; Min-Oo et al. 2007; 

Min-Oo & Gros 2005). Genetic factors can influence different inmmne responses to 

malaria infection. These include adhesion molecules, interferon receptors, CD36, 

CD40L and various cytokines, e.g. tumour necrosis factor (TNF) 2 and interleukins 

(IL) 4 and IL-12p40 (Stevenson & Riley 2004). 

Also of importance is the differential way individuals and communities 

access health care. Access to health care for malaria susceptible individuals may be 

variable within families, between rural and urban settings or in relation to distance and 

geographical location. All these biological and social factors can influence host 

immunity and sub-clinical or clinical disease manifestations. Host susceptibility to 

malaria infection is therefore complex and multi-factorial at the individual, conmmnity 

as well as population level. 

2.1.1 Host susceptibility in pregnant women 

Pregnant women are more susceptible to malaria infection than non

pregnant women and this susceptibility is greatest in the first and second pregnancy 

(Brabin 1983). This is due to alterations in host responses influenced by changes in 

metabolic, haematological and immunological parameters during pregnancy (Brabin 

1985). Young maternal age also increases susceptibility, which may relate to 

influences on these same parameters coupled with nutritional and developmental 

changes. The prevalence of malaria varies with gestational age, with a peak in early 

pregnancy between 13 and 16 weeks gestation (Brabin ef al. 1990; Diagne et al. 1997; 

Rogerson et al. 2000; Steketee et al. 1996). Comprehensive reviews on malaria in 

pregnancy emphasise the importance of the altered general inmmne response to 
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infection during pregnancy. These include changes in T-Iymphocyte sub-populations, 

polymorphonuclear leukocyte function, peripheral blood lymphocyte responses, serum 

immunoglobulin concentrations, immunosuppressive serum factors, circulating 

immune complexes, and maternal immunologic recognition mechanisms (Brabin 1985; 

Rogerson et al. 2007). 

Antibody responses in pregnancy are complex and their concentrations in 

the blood are influenced by gestational changes in plasma volume. The level of serum 

IgG decreases significantly with advancing gestation, falling to values below those in 

non-pregnant women towards ternl (Brabin 1985). These quantitative values cannot be 

interpreted in relation to protection in pregnancy (Brabin 1985). Changes in total 

serum IgA and IgM are less well-defmed during pregnancy (Brabin 1985; Okoko et al. 

2003). There is some evidence for an association between the production of antibodies 

recognizing specific antigens on infected placental erythrocytes and protection against 

P. falciparum malaria (Ricke et al. 2000). The placenta is well described as showing 

high parasite densities due to sequestration of infected red blood cells when the 

peripheral circulation is free of parasites. Pregnancy-associated malaria susceptibility 

in part results from a sub-set of infected erythrocytes sequestering in the placenta. 

During the first pregnancy, infected red cells expressing receptors for condroitin 

sulphate A (CSA) preferentially sequester in the placenta. Specific antibodies develop 

against a surface protein on these infected erythrocytes in the placenta which bind to 

CSA on syncytioblast. These antibodies are usually absent in the first pregnancy but 

increase in prevalence in subsequent pregnancies and they are partly the basis for 

explaining parity-specific immunity in pregnancy (Fried et al. 1998). 
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In pregnancy there is a transient alteration of cell-mediated immunity 

(CMI). The mechanism behind the depressed CMI is not well understood; and 

pregnancy hormones are implicated as partly responsible (Brabin 1997). This transient 

alteration of immunity influences immunologic tolerance allowing acceptance of the 

implantation of the fetal allograph in her uterus (Wegmann 1993). The lack of a strong 

maternal cell-mediated anti-fetal immune response, combined with the hormonally 

influenced immune response suggests that the cellular immune system in normal 

pregnancy is biased towards a type II helper cell (Th2)-like rather than the type I 

helper cell (Thl)-like response (Wegmann ef al. 1993). Although this immunological 

change in pregnancy is biologically advantageous to the fetus, the consequences of this 

altered immunity may lead to increased susceptibility to infectious diseases caused by 

intracellular pathogens; including viruses, malaria and some parasitic infections, 

together with the potential for interaction between these infections in the mother 

(Auchus & Rainey 2004). For example, interaction between HIV and P. falciparum in 

pregnancy has been well described. 

Despite considerable evidence for immunological changes related to 

malaria in pregnancy, studies into other factors such as hormones, which could 

influence this susceptibility, are few. Malaria has been associated with reduced 

oestradiol production in late pregnancy (Watkinson ef al. 1985) and raised serum 

cortisol levels in primigravidae have been reported in placental malaria (Bouyou

Akotet ef al. 2005). However, evidence for prolactin effects has been inconclusive 

(Rogerson ef al. 2007). A recent study from the Gambia explored the associations of 

blood group phenotypes in relation to placental malaria pathology (Loscertales & 

Brabin 2006). Blood group 0 was significantly associated with increased placental 

malaria infection in primiparae and reduced the risk of infection in multiparae; and this 
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parity-related susceptibility was not present with other ABO phenotypes. Data from a 

study of pregnant women in Malawi has also shown this same association of the blood 

group 0 phenotype with decreased malaria prevalence in multigravidae (Senga et al. 

2007). From a review of the role of the ABO blood group system, it has been 

suggested that altered cytoadherence, rather than red blood cell invasion, is the 

mechanism in action (Cserti & Dzik 2007). 

2.1.2 Hormonal changes in adolescents and susceptibility to infection 

Complex hormonal changes are associated with growth and puberty. 

Hormonal changes in adolescent females and males differ and these may modify 

malaria risk between the sexes. As puberty approaches, changes of adrenarche, 

decreasing repression of the gonadostat (i.e. the hypothalamic-pituitary system 

controlling gonadotrophins) and gradual amplification of the gonadotrophin-releasing 

hormone (GnRH) and its interactions with gonadotrophin and ovarian steroid 

hormones occur (Speroff & Fritz 2004). 

Adrenarche, i.e. the onset of dehydroepiandrosterone (DHEA) and DHEA

sulphate (DHEA-S) production from the adrenal zona reticularis, can be detected at 

around 6 years of age, which results in the development of axillary and pubic hair 

occurring in both girls and boys at about age 8 years (Auchus & Rainey 2004). These 

are also produced in smaller quantities in the testes in males and the ovaries in the 

female (Marshall 1978). DHEA-S concentrations are high in the newborn, as this 

hormone is produced by the fetal adrenal glands during pregnancy. By one year of age, 

the fetal adrenal is replaced by the definitive adrenal cortex, which initially makes little 

DHEA-S. Hence, DHEA-S production declines precipitously during the first months 

of life and remains low until adrenarche (Figure 2.1), (Auchus & Rainey 2004). The 
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nse in the circulating concentrations of DHEA and DHEA-S is the biochemical 

hallmark of adrenarche. Importantly, the rise in DHEA-S occurs prior to the increase 

of either oestrogens or other androgens associated with puberty. Circulating DHEA-S 

concentrations continue to rise and peak during the second decade of life and levels are 

higher in males than females (Auchus & Rainey 2004). Adrenarche does not appear to 

be under the direct control of gonadotrophins or adrenocorticotropic hormone (ACTH) 

during puberty as the circulating levels of these androgens change without 

corresponding changes in cortisol and ACTH (Speroff & Fritz 2004). 

Fig. 2.1: Variation in circulating dehydroepiandrosterone sulphate (DHEA-S) 

concentrations throughout human life. 
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(Source: Auchus & Rainey 2004. With permission from Willey-Blackwell 
publishers) 

The role ofDHEA and its sulphate DHEA-S (described as DHEA(S) when 

referring to both) has been evaluated recently in relation to P. falciparum malaria in 

adolescents. In both experimental animals and human in vitro studies DHEA(S) 

showed anti-inflammatory properties and down-regulated IL-6 and TNF-a (Coutinho 

et al. 2007). Among non-pregnant adolescent girls in western Kenya, DHEA(S) was 

positively associated with acquisition of malaria immunity in adolescent girls 

(Leenstra et af. 2003b). In adolescent boys from the san1e population, DHEA(S) 

showed positive correlation with malaria immunity acquired during puberty (Kurtis et 
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al. 2001). In a Philippines study, DHEA(S) showed a dose-dependent association with 

several inflammatory markers that relate to malaria immunity (Coutinho et al. 2007). 

Furthermore, raised DHEA(S) levels were associated with both reduced Schistosoma 

;aponicum infection (Coutinho et al. 2007) and parasite re-infection (Kurtis et al. 

2006). This evidence suggests that endocrine status and development during puberty 

modifies host susceptibility to parasitic infections. There is variable secretion affecting 

the dynamics of the interconversion between DHEA and DHEA-S. Unlike DHEA-S, 

DHEA levels slightly differ by age and sex. DHEA is generally higher among women 

than men and significantly different during puberty (around 11 to 15 years) and in the 

pre-menopausal period (36 to 45 years) (Sulcova et al. 1997). It is not known how this 

affects sex-dependent immunity. 

Throughout infancy and during the prepubertal period, oestradiol, 

leutinizing hormone (LH) and follicle-stimulating hormone (FSH) are suppressed to 

very low levels (Speroff & Fritz 2004) (Figure 2.2). 

Figure 2.2: Variations in circulating oestradiol, leutinizing hormone (LH), follicle
stimulating hormone (FSH) and dehydroepiandrosterone (referred to as DHA in tllis 
figure) in human life 
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Although low, FSH and LH display evidence of pulsatile secretion during 

this period and increase during the progress through the stages of puberty (Dunkel et 

al. 1992). Changes in the pattern of gonadotrophin responses to the hypothalamic

releasing hormone GnRH accompany normal pubertal maturation in girls (Sizonenko 

1989). FSH responses to GnRH are initially pronounced but decrease steadily 

throughout the onset of puberty, while LH responses are low in prepubertal girls and 

increase strikingly during puberty (Job et al. 1972). So FSH appears to rise initially 

and plateau in mid puberty while LH tends to rise more slowly and reaches adult levels 

in late puberty. Increased amplitude and frequency of pulsatile GnRH are believed to 

provoke progressively enhanced responses of FSH and LH secretion (Bridges et al. 

1994). By mid- to late puberty, maturation of the positive feedback relationship 

between oestradiol and LH is established, leading to ovulatory cycles. 

Circulating steroid hormones have been linked to increased susceptibility 

to infection in field and laboratory studies; and males are more susceptible to many 

protozoan infections than females (Klein 2000; Klein 2004; Roberts 2001). Most 

studies of malaria do not distinguish between the responses of males and females, and 

thus, the prevalence of sex differences may be under-reported (Allotey & Gyapong 

2005). Although sex differences in response to malaria infection are reported an10ng 

both adults and children, little is known about the mechanisms mediating these 

differences or whether these sex differences will affect responses to drug treatments or 

vaccines (Cernetich 2006). A few studies have illustrated that men are more 

susceptible than women. For exan1ple, several studies indicate that men tend to have 

higher parasitemia than women (Landgraf et al. 1994; Molineaux et al. 1979; Wild ling 

et al. 1995) and more severe symptoms of malaria infection (Casalino et af. 2002). 

Among Ghanaian school children, parasite density was significantly higher for boys 
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than girls around puberty (8 to 16 years), suggesting that circulating sex steroids may 

influence this outcome, although the prevalence of P. Jalciparum infection does not 

significantly differ between the sexes (Landgraf ef al. 1994). Recent studies with a 

rodent malaria model indicated that males and females respond differently to malaria 

infection and suggested that the underlying inmmnological mechanisms were likely to 

involve heightened IFN - 'Y and regulatory T-cell responses observed in the female mice 

(Cernetich 2006). These data make a compelling case for evaluating how males and 

females differ in their responses to malaria infection in epidemiological studies. 

2.2 P./alciparllm malaria in adolescent females in stable transmission areas 

Adolescent malaria infection in endemic areas is often asymptomatic and 

therefore can remain undetected and untreated. This is due to the acquisition of partial 

immunity from childhood, which translates into relatively lower incidence rates of 

symptomatic disease compared to children less than 5 years of age. Malaria reporting 

has traditionally grouped adolescents with children older than 5 years of age and 

adults. At high risk of malaria infection are adolescent girls who prematurely become 

pregnant, and since as many as one in every six births in developing countries is to an 

adolescent female aged between 15 and 19 years, this is a significant burden of disease 

(World Health Organization & UNICEF 2002). These adolescent mothers will have 

an increased risk of severe anaemia, preterm delivery, stillbirth and neonatal death 

(Brabin et al. 1998a; Brabin & Brabin 1992b). For this reason, understanding how 

malaria behaves in the adolescent female is of major public health importance. 

2.2.1 Malaria prevalence 

The problem of malaria in adolescents has been overshadowed by the huge 

burden of disease in young children and pregnant women. Although much has been 
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learnt about the epidemiology and clinical effects of malaria infection, its 

understanding and relevance in adolescence has been neglected (Lalloo et al. 2006). 

Lalloo et al. (2006) were the first to present a comprehensive analysis of the problem 

of malaria in the adolescent. These authors present current evidence that this is a 

substantial and preventable problem. From seven available studies from six countries 

(four African countries, one from Papua New Guinea and one from Burn1a), (Bloland 

et al. 1999; Colbourne 1955; Rogier & Trape 1993; Rogier et al. 1999; Smith et al. 

1994; Soe ef al. 2001; Trape 1987), which provided an overall sample size of 1,068 

adolescents, they estimated that the incidence of clinical malaria in adolescents in areas 

of stable transmission varied from 0.13 to 1.18 attacks per year (Table 2.1). They 

present further African estimates of clinical malaria, reported by Brooker ef al. (2000) 

among schoolchildren 10 - 20 years old, to be 0.252 attacks per year. 

Table 2.1: Incidence of clinical malaria III adolescents (both sexes) from stable 

transmission areas 

Year of Incidence - episodes 
Location N Age Reference 

study per year (95% CI) 

Kenya 1992 -95 262 10-14 0.22 (0.15 - 0.31) Bloland et al. 1999 

Republic of Congo 

Daily survey 1982 - 84 48 11-13 0.76 (0.01 - 4.04) Trape et al. 1987 

Weekly survey 53 11-13 1.18(0.73-1.83) 

Senegal 1990 14 11-14 0.22 (0.15-0.31) Rogier et al. 1993 

Senegal 1990 -93 41 10-19 0.13 (0.08 - 0.19) Rogier et al. 1999 

Ghana 1952 248 12-20 0.22 (0.15-0.31) Coulbourne 1955 

Papua New Guinea 1991 355 10-19 0.28 Smith et al. 1994 

Burma 1999 47 10-14 0.22 (0.15 - 0.31) Soe et al. 2001 

Source: Lalloo et al. 2006 

Incidence measurements while valuable, are more difficult to obtain, are 

more costly and require longitudinal san1pling. Although incidence rates are reported 
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in some studies, prevalence estimates are mostly available as malariometric studies are 

usually cross-sectional. Prevalence will under-estimate risk for malaria infection with 

short clearance times and super-infection. The prevalence will give a point estimate for 

a particular time and location. Many studies do not distinguish the adolescent sex, 

preventing estimation of malaria burden in adolescent females. A further limitation of 

cross-sectional adolescent data is the lack of age-specific prevalence for the different 

adolescent age groups between the intervals 10 to 19 years. This limits comparability 

of data between pre-pubertal and pubertal adolescents. It is important to measure age

specific prevalence in order to establish comparative estimates between studies with 

different age ranges. In some cross-sectional studies, prevalence estimates of malaria 

have included adolescents. These are limited to a few reports: five studies in the non

pregnant (Table 2.2) and three studies in pregnant adolescents (Table 2.3). The 

incidence rates and prevalence estimates of P. falciparum malaria infection among 

adolescents as outlined above indicates this is a significant public health problem an 

understanding of which is essential in order to control malaria infection in this specific 

risk group. 
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Table 2.2: Prevalence of parasitaemia in non-pregnant female adolescents from stable transmission areas 

Location Sample size Age (years) Prevalence (%) Reference 

Tanzania 1f § (M, F) [dry, rainy, post-rainy] Lusingu et al. 2004 

Hypoendemic (Magamba) 255 (132, 123) 
10 -14 8, 15, 14 
15 -19 0, 7, 6 

Mesoendemic (Ubiri) 250 (139, 111) 10 -14 13, 39, 20 
15 -19 33, 55, 24 

Holoendemic (Mgombe) 254 (115, 139) 
10 -14 57, 77, 88 
15 -19 44~ 63 

Kenya, western * 
[overall, dry , post-rainy] 

Leenstra et al. 2004 575 12 -18 27.7, 20.4, 33.7 

Papua New Guinea (Wosera region) 1f 
2001-2003 §2119 10 -19 31.0 Kasehagen et al. 2006 

1990 - 1992 10 -19 52.0 

Malawi, Chikwawa 52 
10 -14 25 Ngwira 2005 
15 -19 17.5 

Democratic Republic of Congo 

(1) Rural Brazaville * §616 10 -14 82.0 
Trape et al. 1987 

Low transmission (Linzolo) 137 15 -19 70.1 

(2 ) Urban Brazaville * Trape et al. 1987 
High transmission (Massina) 50 10 -14 84 
Very low transmission (Moungali) 103 10 -14 12.6 
Moderate transmission (Talangai) 60 10 -14 71.7 
Low transmission (Bacongo) 64 10 -14 46.9 
Very low transmission (Poto-poto) 58 14 -15 7.0 

* Schoolchildren; 1f both sexes; M, F = males, females; [] = season-specific prevalence; transmission levels are reportedly defined according to entomological 
inoculation rates and/ or spleen rates; § N represents 0 to 19 yrs as adolescent-specific N was not reported but their malaria prevalence reported. 
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Table 2.3: Prevalence of clinical malaria in pregnant female adolescents from stable 

transmission areas 

Location Sample size Age (years) Prevalence (%) Reference 

Malawi, Chikwawa 615 13 -19 34.4 Brabin et al. 1998 

Mozambique 600 < 21 33.3 Challis et al. 2004 
(Matola & Boane) G1 &G2 

Tanzania, Morogoro region 528 
Pregnant G1-43.3 Uddenfeldt- Wort 
adolescents G2 - 28.1 et al. 2006 

G1 = primigravidae; G2 = secundigravidae 

2.2.2 Severe disease estimates 

In high transmission areas in Africa, age-specific patterns of severe disease 

show a rapid decrease over the first few years of life such that significant severe 

disease does not appear to occur much after 5 years of age in these areas. This decline 

in the incidence of severe disease occurs at an even earlier age than declines in mild 

malaria. One would expect this to lead to a very low incidence of severe malaria in 

adolescents. Cerebral malaria, anaemia, respiratory distress and acidosis are the 

commonest manifestations of severe malaria in children; whereas in adults, cerebral 

malaria, renal failure, and hepatic impairn1ent are more common (Marsh ef al. 1995). 

The pattern of severe malaria may however vary within the same age group between 

different geographic regions (Greenwood ef al. 1991). 

Lalloo et al. (2006) reported three studies that estimated the incidence of 

severe disease and these are summarised in Table 2.4 (Cam1e et al. 1992; Greenberg ef 

al. 1989; Trape ef al. 1987). 
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Table 2.4: Incidence of severe malaria III adolescents (both sexes) from stable 

transmission areas 

Location Age Incidence (per 1000 
Reference 

~o~ulationl ~ear} 

Republic of Congo, Kinshasa 10 - 13 0.35 Greenberg et al. 1989 

Republic of Congo, Brazaville 10 -14 0.05 Trape et al. 1987 

Republic of Congo, Brazaville 10 -14 0.13 Carme et al. 1987 

Source: Lalloo et al. 2006 

These studies were hospital-based, conducted in paediatric wards and 

included both male and female adolescents between 10 - 14 years of age. The 

incidence ranged from 0.05 to 0.35 per 1000 adolescents per year. Different paediatric 

admission criteria exist between and within geographical locations and often older 

adolescents with malaria infection are admitted into adult wards, including 

gynaecological wards. This poses a problem in estimating incidence of disease in older 

adolescents. Severe malaria studies are rarely conducted in non-pregnant adult 

populations. Community-based morbidity studies that stratify adolescents are also rare. 

All these limitations may contribute to an under-estimation of the severe disease 

burden in adolescent females. 

2.2.3 Sub-clinical disease estimates 

Not all malaria infection results in acute morbidity. Semi-immune 

adolescents may have persistent malaria infection that is asymptomatic. This may 

remain undetectable depending on the physiological effect it has on the individual as 

well as the sensitivity of malaria diagnostic tests. The sensitivity for detecting malaria 

infection by standard light microscopy at low parasitaemia density is variable. 

Adolescents may be harbouring such low levels of infection. For example, studies 

from Senegal showed that parasite density decreased with age. No significant seasonal 

variation of either parasite prevalence or density was observed among children 
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between 1- 14 years in Dakar, Senegal (Trape et al. 1985). The authors concluded that 

P. falciparum clinical malaria was unlikely to occur in children under 15 years if the 

parasite/ leucocyte ratio was less than 1.5, and that a clinical malaria diagnosis was 

very probable if the parasite/ leucocyte ratio was higher than 2. 

While it has been shown in endemic areas that P. falciparum sub

microscopic infections contribute to malaria-associated anemia and inflanunation 

(McElroy et al. 2000), the clinical and epidemiological relevance of such infections 

remains unclear. It also remains unclear if there would be similar haematological 

consequences for the adolescent. Current evidence also shows that cerebral malaria is 

frequently associated with sub-microscopic infections in semi-immune individuals 

(Oiha et al. 2005). 

Hypothetically, prolonged carriage of P. Jalciparum may suppress growth 

through the production of growth-depressing cytokines (Ntab et al. 2007). Tumor 

necrosis factor-a (TNF) is produced in response to malaria (Friedman et al. 2003) and 

is known to inhibit the production of insulin-like growth factor (I OF), which mediates 

the effect of growth hormone. However, although biologically plausible, little evidence 

is available to support this hypothesis at the present time. In male African adolescents, 

malaria-induced TNF production was associated with significantly lower body mass 

index (Friedman et al. 2003). 

2.2.4. Mortality 

Data on malaria-related mortality in adolescence is limited and anecdotal 

evidence from paediatric reports suggests its occurrence is rare (LaIloo et al. 2006). 

Using data derived from children under 5 years old, Snow and others (2000) have 

estimated median mortality rates for adolescents at about 0.80 malaria deaths per 1000 
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per year. Table 2.5 summarizes the estimated population mortality rates in areas of 

stable transmission as reported by Lalloo et al. (2006). 

Table 2.5: Mortality estimates in adolescents in stable transmission areas 

Location Age Mortality (per 1000 Reference 
admissionsl year) 

Republic of Congo 10 -13 0.1 Greenberg et al. 1989 

Republic of Congo 10-14 0.0 Trape et al. 1987 

Republic of Congo 10 -14 0.01 Carme et al. 1987 
(celebral malaria) 

Nigeria 11-15 0.3 Bruce-Chwatt 1952 

Papua New Guinea 10-19 0.4 Genton et al. 1995 

Source: Lalloo et al. 2006 

These ranged between 0.0 to 0.4 malaria deaths per 1000 adolescents per 

year. The authors further discussed the proportion of adolescent deaths attributed to 

malaria as compared to other diseases and age groups cited from several published and 

unpublished sources. These proportions ranged from around 6.3 % of deaths attributed 

to malaria in adolescents less than 16 years in Malawi, to around 9.1 % among 11-15 

year old adolescents in Nigeria. These estimates present compelling evidence that 

adolescents who have been considered to be at a comparatively low risk from malaria 

infection are dying from this preventable disease. 

2.3 P.falciparum malaria in adolescents in unstable transmission areas 

Adolescent malaria infection in areas of unstable transmission commonly 

presents as clinical malaria at aU ages, including the adolescent. LaUoo et al. (2006) 

showed a wide variation in incidence from studies conducted in parts of South 

America and South-east Asia (Belizario et al. 1997; Camargo et al. 1994; Camargo et 
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al. 1996; Camargo et al. 1999; Konradsen et al. 1997; Luxemburger et al. 1996). The 

results are summarized in Table 2.6. 

Table 2.6: Incidence of clinical malaria in adolescents (both sexes) from unstable 

transmission areas 

Location Year N Age Incidence - episodes Reference 
~er ~ear ~95% ell 

Western Thailand 1992 - 93 86 12 -15 1.00 (0.95 - 1.05) Luxemburger et al. 1996 

Philippines 1991-93 4585 11 -19 0.026 (0.022 - 0.031) Belizario et al. 1997 

Brazil 1989 - 91 875 11 - 15 0.25 (0.22 - 0.28) Camargo et al. 1996 

Brazil 1991 - 92 40 11 -15 1.08(1.04-1.12) Camargo et al. 1994 

Brazil 1994 - 95 39 11 - 15 0.35 (0.22 - 0.52) Camargo et al. 1999 

Sri Lanka 1995 72 5 -13 0.99 (0.96 - 1.02) Konradsen et al. 1997 

Source: Lalloo et.al. 2006 

The incidence in adolescents was similar to that in younger age groups, 

and sometimes even higher. Incidence varied from as low as 0.026 (95 % confidence 

interval: 0.022 - 0.031) episodes per year among 11 to 19 years old adolescents in the 

Phillipines to as high as 1.08 (95 % confidence interval: 1.04 - 1.12) episodes per year 

among 11 to 15 year old adolescents in Brazil. In contrast to stable transmission areas 

where Plasmodium falciparum predominates, Plasmodium l'ivax was the more 

important cause of clinical illness. 

2.4 Malaria diagnosis 

Clinical diagnosis of malaria remains imprecise leading to occurrences of 

both under-diagnosis and over-diagnosis (Bell et al. 2005). The relationship between 

the clinical severity of malaria and the density of malaria parasitaemia is also complex. 

Scientific quantification of mis-diagnosis or its effects have not been adequately 

investigated; and this has an impact on malaria treatment decisions, classification of 
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cases in studies of pathogenesis or therapy, in intervention trials and monitoring trends 

in epidemiologic records (Snow el al. 2005). Figure 2.3 illustrates a schematic 

presentation of malaria infection in a malaria endemic population and how the 

detection of parasites relates to clinical diagnosis (Koram & Molyneux 2007). 

Figure 2.3: Venn diagram of malaria infection categories in a susceptible population 
from a malaria endemic area 

[Susceptible popul3tions] ~ 

[Fever ,oIone] [Fever and lIIalaria symptoms positive] [Blood s me"r positives) 

Adapted from Koram and Molyneux 2007. 

Malaria parasites (i.e. blood smear positive) in the presence of related 

signs and symptoms such as fever often results into a correct diagnosis of clinical 

malaria (purple). However, a small propol1ion could be missed (red) depending on 

diagnostic procedures. The presence of malaria parasites (large oval with a continuous 

line) either with fever (green) or in the absence of fever (yellow) does not necessarily 

equate to a clinical diagnosis of malaria as a febrile illness in a malaria-susceptible 

population could be du to malaria or other infectious diseases. Fever is usually present 
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in malaria infection; consequently, presumptive treatment is widely applied for febrile 

illnesses among high risk groups in malaria endemic areas with limited laboratory 

support (green+ purple). This leads to an over-diagnosis of malaria. However fever as 

well as most malaria-related symptoms and signs have poor specificity 

(Chandramohan et al. 2002; Mwangi et al. 2005). For example, up to 30 % of febrile 

children fulfil diagnostic criteria for both malaria and respiratory infections 

(O'Dempsey et al. 1993; Redd et al. 1996). Malaria attributable fraction, i.e. the 

proportion of fevers in a particular group that are associated with a parasite density 

above a threshold for clinical malaria, has been sometimes used in population studies 

(Koram and Molyneux 2007). This varies with population parasitaemia prevalence, 

degree of immunity, factors related to transmission intensity (e.g. location, season, 

altitude, age) and other behavioral and environmental factors (e.g. drug use, ITN use, 

vector control measures). 

With more expensive antimalarial drugs being used, improved diagnosis is 

a public health priority (Barnish et al. 2004). Studies among adults above 15 years of 

age have demonstrated the persistence of sub-microscopic infections, which 

proportionally increased with age, suggesting continued development of immunity that 

is able to restrict parasites to low densities with a sub-clinical but not sterilizing 

infection (Mayor et al. 2007). 

Laboratory methods for detecting malaria parasites employ light 

microscopy (LM), polymerase chain reaction (PCR) techniques and malaria rapid 

diagnostic tests (RDT). Light microscopy for malaria diagnosis is widely accepted due 

to its simplicity, relative low cost, and ability to identify infecting species and to 

quantify parasitaemia (Bharti et al. 2007). Though LM is time-consuming, labor-
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intensive and requires considerable expertise, it remains the gold standard for detecting 

parasitaemia in suspected malaria infection (Jonkman et al. 1995). The most important 

short-comings of LM are the relatively low sensitivity at low parasite levels and 

reliance on the microscopists' expertise. Although experienced microscopists can 

detect up to 20 parasiteS/ilL, routine diagnostic laboratories have a much lower 

sensitivity of detection (Roshanravan et al. 2003). This has probably resulted in 

underestimation of malaria infection prevalence, especially for those with low 

parasitemia and asymptomatic malaria. 

PCR- based methods, which are highly sensitive and specific techniques 

for the detection of all species of malaria parasite in whole blood, have been shown 

consistently to be highly sensitive for malaria diagnosis (Coleman et al. 2006;Cox

Singh ef al. 1997). RDTs, based on immunochromatographic assays that detect malaria 

antigen, have also been developed to offer accurate, reliable, rapid, cheap and easily 

available alternatives to LM. These can detect all plasmodia species or can be made 

species-specific and have shown high sensitivity and specificity when compared to LM 

(Murray et al. 2003). They include an antigen capture assay for detection of water 

soluble antigen - histidine rich protein 2 (HRP2) which is specific for P falciparum , 

and an antigen capture test for the detection of parasite lactate dehydrogenase (pLDH) 

for detection of P falciparum and human infective plasmodium species (Murray ef al. 

2003; Wongsrichanalai et al. 2007). Possible reasons for a false-negative RDT result 

include low parasite density, different malaria species for a specific test, or interpreting 

the RDT before the test line has fully developed (Marx et al. 2005). Limitations of 

pLDH and HRP2 include false negative reactions at low parasite densities as 

sensitivity decreases markedly at < 100parasites/ul blood, which may follow recent 

self-treatment. Possible reasons for a false-positive RDT result include persistent 
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antigenemia after antimalarial treatment, detection of gametocytes when asexual forms 

are not present, RDT detection of low-density microscopy-negative infections, or 

presence of antigenemia early in infection before parasites are detected by microscopy 

(Hopkins ef al. 2007). Some recommend the use of both LM and peR for the 

characterization of any diagnostic test for testing validity of RDTs, especially with 

species-specific diagnosis when evaluating malaria efficacy and treatment as 

recrudescent infection can be distinguished from re-infection (Rodulfo et al. 2007). 

Debate on the relative merits of microscopy and peR methods for the detection and 

speciation of Plasmodium spp. infections is not straightforward since each method has 

particular advantages which prescribe a specific utility. LM is dependent upon the 

rapid cost effective diagnosis in a field setting, while the highly specific and sensitive 

peR is standard for use in malaria research and reference laboratories (Boonma ef al. 

2007). 
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2.5 l\1alaria co-morbidity 

Malaria and other infections frequently coincide, and their interaction is of 

considerable public health importance. These include interaction with HIV and other 

parasitic infections. Animal models suggest that helminth infections may alter 

susceptibility to malaria, although the results are conflicting (Bejon ef al. 2008). It is 

probable that the host response to pathogens might be detemlined by complex 

interactions among host and concomitant parasites. 

Some animal studies demonstrate that concurrent nematode infection 

strongly modulates multiple aspects of immunity to blood-stage malaria and 

consequently impairs the development of protective antimalarial immunity (Su ef al. 

2005). No evidence of any relationship was observed in another study which reported 

the same degree of protective antimalarial immunity (Spiegel ef al. 2003). In human 

studies conducted among malaria endemic populations in Africa, helminths have been 

reported to increase susceptibility to clinical malaria in an age-dependent manner 

(Lyke ef al. 2005), reduce the risk or made no difference (Shapiro ef al. 2005) while S. 

mansoni was shown to cancel malaria susceptibility (Yoshida et al. 2000). Lyke et al. 

(2005) noted that the protective effect disappeared after the first infection of the 

malaria season although the course of these infections over multiple transmission 

seasons is unclear. On the contrary, another study showed that the protective effect was 

related to the intensity of parasite load (Sokhna ef al. 2004). These malaria interactions 

with other parasitic infections could be related to how environmental factors affect the 

disease epidemiology of the various parasites. Studies into geographical mapping of 

the parasite clusters within community environments in relation to inmmnity 

acquisition are pivotal. 
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2.6 Malaria prevention in adolescents 

Personal protection through use of insecticide-treated bed nets (ITNs), 

repellents and environmental control of mosquitoes are relevant for adolescents just 

like in the general population. Chemoprophylaxis or intermittent preventive therapy is 

not usually recommended in adolescents since they are not a priority high risk group 

for malaria prevention in endemic countries. 

2.6.1 Insecticide-treated bed nets 

Insecticide-treated bed nets (ITNs), if used properly, are one of the best 

ways to prevent mosquitoes from biting and infecting people with malaria (Hill, Lines, 

& Rowland 2006). A systematic review of twenty-two randomized controlled trials on 

the impact of ITNs has shown that insecticide-treated bed nets are highly effective in 

reducing malaria morbidity and mortality in areas of unstable and stable malaria 

transmission (Lengeler 2000). Lengeler reported that in areas of unstable malaria 

transmission, ITNs reduced episodes of uncomplicated malaria among users by 62 % 

compared to non-users, and by 43 % when compared to users of untreated bed nets. In 

areas of stable malaria transmission, ITNs reduced episodes of uncomplicated malaria 

by 50 % compared to non-users, and by 39 % compared to users of untreated bed nets. 

In stable transmission areas, ITNs also had a beneficial impact on severe malaria 

(protective efficacy 45 %, 95 % confidence interval 20 % to 63 %), parasite prevalence 

(protective efficacy 13 %), and high parasitaemia (protective efficacy 29 %). 

Five of the studies in the Lengeler review reported child mortality. In 

children, ITNs provided 17 % protective efficacy (PE) compared to no nets (relative 

risk 0.83, 0.76 to 0.90), and 23 % PE compared to untreated nets (relative risk 0.77, 
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0.63 to 0.95). Child growth, for both height and weight also improved with ITN use 

(Lengeler 2000; ter Kuile et al. 2003). 

ITNs can also substantially reduce the number of malaria transmitting 

mosquitoes. For example, in a randomized trial in Kenya, ITNs reduced the number of 

malaria transmitting mosquitoes by approximately 71.5 %. Some of this effect was 

compromised if one or more household residents did not sleep under a net (23.8 %, 

p=0.498) and ifno resident slept under a net (5.2 %, p = 0.907), or if bed nets had not 

been re-treated within six months (16.9 %, p = 0.694), (Gimnig et al. 2003b). 

2.6.2 Impact of ITNs in adolescents 

There are few studies on the impact of ITNs in adolescents. In a large trial 

in Kenya the impact of ITNs in adolescents was assessed in schoolchildren of 4 to 13 

years old. ITNs had no association with linear growth or indicators of protein-energy 

malnutrition (Friedman et al. 2003), but they were associated with improved body 

composition showing an increase in percent lean body mass of 1.2 % (p = 0.04). In the 

same trial, amongst non-pregnant adolescent girls 12 to 18 years of age, ITN use 

approximately halved prevalence of mild anaemia «12 g/dL) in younger girls aged 

less than 12 years (OR = 0.38, 0.21 to 0.69), but had no association with anaemia in 

the older girls (OR = 0.79, 0.43 to 1.45) (Leenstra et al. 2003). Similarly, mean 

haemoglobin improved in the younger girls by 0.34 g/ dL (0.02 to 0.66), but not in the 

older girls (0.14 g/ dL, -0.24 to 0.53). There was no impact on other malaria-related 

morbidity. 

2.6.3 Impact of ITNs in pregnant women 

In areas of low and unstable malaria, women do not acquire substantial 

antimalarial immunity and are susceptible to acute and sometimes severe malaria. In 
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areas with stable malaria transmission, infection with P. (alciparum malaria during 

pregnancy is characterized by low-grade, and often persistent or recurrent 

parasitaemias (Brabin 1983). These women may experience placental parasitaemia in 

the absence of microscopically detectable peripheral parasitaemia and may be 

asymptomatic (Brabin et al. 2004a). Prevention of malaria through ITN use in 

pregnant women living in these endemic conditions is beneficial. 

A systematic reVIew of randomised controlled trials of ITNs for the 

prevention of malaria in pregnancy showed that use of ITNs significantly improved 

pregnancy outcome at the individual as well as the community level in sub-Saharan 

Africa (Gamble et al. 2006). ITNs reduced placental malaria in all parities (RR 0.79, 

0.63 to 0.98), low birthweight (RR 0.77, 0.61 to 0.98), fetal loss (RR 0.67, 0.47 to 

0.97), anaemia and clinical malaria although the results for the latter were not 

significant. In areas of low transmission, only one study which met review criteria 

showed a significant reduction for all pregnancies in anaemia prevalence (RR 0.63, 

0.42 to 0.93) and fetal loss (RR 0.21,0.05 to 0.92) with ITN use. There was no effect 

on clinical malaria or low birth weight prevalence. 

2.6.4 Uptake ofITNs 

ITN coverage is influenced by the processes and the economics which 

effect ITN distribution. Underlying social and political factors as well as the access to 

follow up re-treatment will also influence coverage. For exan1ple, in Tanzania, 

payment of fees for re-treatment, inadequate logistical arrangements, access (e.g. 

limited number of days for community re-treatment) were all identified as important 

factors affecting re-treatment rates (Winch et al. 1997). 

34 



ITN adherence is influenced by a range of environmental factors (e.g. 

temperature, mosquito presence), household social factors (such as sleeping 

arrangements) and technical factors of the dwelling unit associated with how the ITN 

is hang (Alaii et al. 2003). The changing patterns of seasonal ITN use and difficulties 

in encouraging community-sustainable approaches to ITN use have been emphasised 

(Winch et al. 1997). In a large scale study in Kenya where participant adherence was 

directly observed, low temperatures (RR = 1.31, p = 0.039) and child age less than five 

years (RR = 0.86, p = 0.001) were significantly associated with lower ITN adherence 

(Allai et al. 2003). Mosquito numbers, relative wealth, number of household occupants 

and educational level of the household head had no association with adherence in the 

same study. 
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2.7 Adolescent growth and nutrition in developing countries 

Nutrition influences growth and development throughout infancy, 

childhood and adolescence, but it is in adolescence that nutrient needs are the greatest 

(World Health Organization 2005). Individuals can gain up to 15 % of their ultimate 

height and 50 % of their adult weight during adolescence, and this rapid growth is 

accompanied by an increase in demand for nutrients (World Health Organization 

2005). Changes occurring in body composition during the puberty-related growth spurt 

vary in timing and with maturation rate, making assessment of nutritional status 

complex. Adolescent boys build more muscle mass, gain weight at a faster rate, have a 

larger skeleton and deposit less fat than girls; and boys tend to grow for a longer period 

of time (Heald & Gong 1999). For adolescent girls, the greatest gain in weight and 

height normally occurs in the year preceding menarche, although the growth spurt 

continues for two years after menarche (Heald & Gong 1999). 

Food insecurity, inadequate maternal and child care, poor health services 

and environmental exposures lead to malnutrition through the combined influences of 

poor diet and disease (ACC/ SCN 1997). Infectious diseases influence nutritional 

status because they decrease food intake, impair nutrient absorption, increase nutrient 

losses and metabolic requirements through catabolism and impair transport of nutrients 

to target tissues (Stephensen 1999). In addition, the acute phase response to infection 

and the production of pro-inflammatory cytokines may directly affect the process of 

bone remodeling required for long bone growth (World Health Organization 2005). 

Such infections may be acute, chronic or sub-clinical and thus asymptomatic. 

Malnutrition in adolescents can result in the well described anthropometric deficits of 

stunting and wasting. 
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2.7.1 Anthropometric nutritional assessment 

Nutritional status is commonly described usmg anthropometry, which 

assesses body composition, size and proportion. These measurements are compared to 

a reference standard for a healthy population of the san1e ages. In adolescents, this 

reference should preferably be derived from local data if available, be sex and age

specific and indicate the associated changes of puberty (ACCI SCN 1997). Local 

reference data is not usually available in developing countries, which limits 

interpretation of anthropometric data in relation to health detern1inants and outcomes 

among adolescents. Commonly used anthropometric indices for assessing nutrition in 

adolescence include height-for-age, weight-for-age, body mass index (BMI) and mid

upper arm circumference (Marshall 1978). A consensus into developing age-specific 

international growth standards for school-aged children and adolescents for clinical 

and public health applications was recently reached following an evaluation into 

current standards (Butte et al. 2007). 

The World Health Organisation recommends the reference values of the 

National Center for Health Statistics (NCHS) from the United States of America 

(USA) (NCHS 1987). Height, weight and body mass index are plotted on NCHS 

growth charts using these standards and anthropometric values below the 5th percentile 

are considered to indicate undernutrition (Woodruff & Duffield 2000). Use of 

reference data from the USA has limitations. Cordeiro et a1. (2006) considered that due 

to increasing obesity in the USA, particularly among adolescents, the age distributions 

of weight and BMI in the NCHS growth charts are less reliable as healthy reference 

values. The average age at menarche is also different ranging from 10 to 12 years in 

the United States compared to between 13 to 16 years of age in many developing 

countries (Cordeiro et al. 2006; NCHS 1974). NCHS growth charts used as reference 
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values for developing countries may therefore overestimate undernutrition. 

Physiological age as opposed to chronological age has been recommended in 

comparing adolescents from developing countries with the reference population. 

Standards for assessing physiological age using breast and genitalia developmental 

stages have been developed, and these are widely used in clinical settings (Tanner 

1962). However, assessing Tanner breast and genitalia stages in the field outside the 

clinical setting is logistically problematic. In such cases, a validated self-assessment 

for Tanner staging can be used, as well as age at menarche for girls as a proxy for 

physiological age (Brooks-Gunn et al. 1982; Chan et al. 2008; Taylor et al. 2001). 

Height-for-age reflects linear growth. Linear growth retardation, known as 

stunting, results from a slowing of skeletal growth and is an important marker 

reflecting cumulative inadequacies in nutrition and health (Norgan 2000). Stunting is 

defined as height below minus two standard deviations of that expected with reference 

to an international growth standard (ACCI SCN 1997). In populations with a high rate 

of childhood malnutrition, stunting is cornn10nly observed among adolescents (Kurz & 

Johnson-Welch 1994). Stunting impairs body size and causes growth faltering which 

may lead to reduced physical work capacity, poor intellectual or behavioral 

development (ACCI SCN 1997). In girls, this causes cephalopelvic disproportion 

which can lead to obstructed labour in pregnancy (Rush 2000). 

Weight-for-age is commonly used as an indicator for undernutrition in 

children because it is easier to measure than height. It reflects linear growth and weight 

accumulation achieved pre- and post-natally over the long-term, as well as weight 

accumulation in the short-term (ACCI SeN 1997). Underweight is usually defined as 

weight below minus two standard deviations of that expected on the basis of the 
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international growth reference. Children who are stunted in early life may attain 

normal weight for height later on but can remain short. Weight alone is therefore not a 

good measure for assessing malnutrition in adolescence (ACCI SCN 1997). 

The body mass index (BMI) is used to assess thinness or obesity. BMI-for

age can be used to assess undernutrition by comparison with age and sex-matched 

values in the NCHS data and is useful for measuring acute undernutrition in a 

population (de Dnis & Habicht 1996). For assessment of chronic undernutrition, 

height-for-age comparisons with reference data are recommended. Mid-upper arnl 

circumference (MUAC) is another useful measure for undernutrition. The rapid 

addition of soft tissue during puberty results in a rapid increase in arnl circumference, 

hence MUAC changes with age and pubertal development during adolescence. For this 

reason, age-specific reference comparisons are required. 

2.7.2 Adolescent under-nutrition in sub-Saharan Africa 

Anthropometric measurements do not distinguish specific causes of 

undernutrition and therefore are a general measure of nutritional outcome. There is 

little information on adolescent undernutrition available from African studies. Table 

2.7 summarizes estimates of malnutrition in adolescents from nine studies. 
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Table 2.7: Magnitude of malnutrition in adolescents from sub-Saharan Africa 

Location Sample size Age Mean HAZ± SO Mean WAZ± SO Mean BMIZ ± SO Mean MUACZ ±SO Other Reference 
(years) (95% CI); (95% CI); (95% CI) (95% CI) measures (%) 

{Stunting %} {Underweight %} {Wasted %} {Wasted %} 
Studies in adolescent males (M and females (F) 
Ghana 475 F 12 -13 - 2.3 ± 1.0; {57.5} - 1.7 ± 0.8; {39.8} - 20.4 ± 2.0 36.8 -anaemia (PCD) 1998 

469 M 12 -13 - 2.2 ± 0.9; {55.7} - 2.0 ± 0.7; {53.3} 19.1 ±1.4 38.8 -anaemia 
Westem 272 (M & F); 10 -13 -1.6 (-1.7,-1.4); -1.6 (-1.7,-1.4); -1.5 (-1.8,-1.3) -1.2 (-1.3,-1.0); - Friedman et al. 
Kenya § Schoolchildren {30.0} {26.8} {3.9} 2005 
Tanzania 465 F 12 -13 -3.1 ±1.0;{84.1} - 2.2 ± 0.6; {64.9} - 18.7 ± 1.7 75.1 -anaemia PCD 1998 

430M 12 -13 - 2.7 ± O.S; {SO.91 - 2.3 ± 0.6; aO.7} - 17.7 ± 1.5 75.4 -anaemia 
Benin 1[ F (NA) 10 -13 {27} - - {14} - Kurz & Galloway 

M (NA) 10 -13 {55} - - {32} 2000 
Cameron1[ F (NA) 10 -13 {S} - - {2} 32.0 -IDA Kurz & Galloway 

M (NA) 10 -13 {19} - - {S} (both sexes) 2000 
Studies in adolescent females only 
Western 938 12 -18 -0.77 (-0.86, 0.68) - {1S.6} - - Leenstra et al. 
Kenya Schoolchildren {12.1} 2005 
Malawi ~ Rural (118) 10 -19 {40.0} - 40 - 27 -low retinol Fazzio-Tirrozzo 

et al. 1998 
Malawi Pregnant (190) 12 -19 - - 20.4±1.8 24.1±2.0; {17.9}¥ - Kalanda et al. 

2006 
Nigeria ~ 386 rural:j: 14 -19 {10.0} - - - - Brabin et al. 

845 urban t 14 -19 {5.0} - - - 1997 
Adapted from WHO 2005 
HAl - Height-for-age Z-score, WAl - Weight-for-age Z-score, BMIZ - BMI Z-score, MUACZ - Mid-upper arm circumference for age Z-score, CI- confidence interval, 
IDA - iron deficiency anaemia, PCD - Partnership for Child Development; NA -sample size not available, M- males, F - females 
§: Stunting, wasting and underweight were defined as HAl, BMIZ, and WAl<-2 SO from the reference median, respectively. 
1[: Stunting was HAl < 5th percentile, wasting was 8MI < 5th percentile. 
¥: Under-nutrition was defined (at first attendance) as either matemal height < 155 em, weight less < 50 kg, MUAC < 23 em, or 8MI < 18.5 kg/m2. 
~: stunting and wasting defined as < 2nd percentile. 
:j: Postmenarche adolescents only 
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The NCHS was used as the reference data set in all these studies with the 

definition of stunting or undernutrition based on a cut-off at the 5th percentile or a z

score less than two standard deviations. These results vary between the sexes, among 

different age groups and can not be generalized across different locations. However 

they highlight the scarcity of data on adolescent nutritional status and demonstrate that 

many adolescents are deprived of adequate nutrition. Several of the studies also 

reported estimates of anaemia, iron and vitamin A deficiency. 

Five studies reported estimates for both males and females, but only for 

younger adolescents (::;; 13 years) (Friedman ef al. 2005; Kurz & Galloway 2000; The 

Partnership for Child Development 1998). Maturation levels of females were not 

reported. Stunting was estimated for three studies from Ghana, Kenya and Tanzania 

and prevalence was high ranging from 30.0 % to 84.1 % and comparable between 

males and females. Undernutrition prevalence was also high ranging from 26.8 % to 

70.7 % for the same locations. Two studies, from Benin and Cameron reported lower 

estimates, but values were higher in males. 

One study in non-pregnant female adolescents showed that stunting and 

thinness were common and decreased markedly with age and sexual maturation 

(Leenstra et al. 2005). These were school-going adolescents from 12 to 18 years from 

western Kenya and a third of the females were post-menarcheal. Median age at the 

start of puberty was 12.1 (11.7, 12.3) years, measured using Tanner breast 

development> B2. Median age at menarche was 15.0 (14.9, 15.1) years. Both 

measures were delayed by approximately 2 years compared to the NCHS/ WHO 

reference population. Stunting was prevalent in young girls (12-13 years) (20.0%) but 

relatively uncommon in older adolescents 14 -18 years (11.6 %). Similarly, thinness 
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was less frequent in young girls 12-13 years (20.1%) and uncommon in older 

adolescents (14 -18 years) (4.3 %). Girls with late menarche were more likely to be 

stunted (adjusted HAZ mean difference -0.47 [95 % CI -0.86 to -0.08]) and thin 

(adjusted BMIZ mean difference -0.85 [95 % CI -1.12 to -0.58]) compared to those 

with early menarche, even after adjusting for age. 

Three further studies were in pregnant adolescents: two from Malawi 

which showed up to 40 % prevalence of stunting (Fazio-Tirrozzo et al. 1998; Kalanda 

et al. 2006) and one study from Nigeria (Brabin et al. 1997). In the latter study, 

stunting in menarcheal adolescent females was relatively low at 5 % among rural and 

10 % among urban participants. Undernutrition in childhood and adolescence will lead 

to poor physical and mental development, poor school performance, reduced adult size 

and capacity for physical work. Undernutrition influences the host's immune response 

against infection and potentiates the effects of infection through decreased food intake 

and impaired nutrient absorption, transport and utilization in target tissues. This creates 

a maladaptive cycle between immunity and nutritional morbidity (Stephensen 1999). 

Improving nutritional status in girls and young women, including when they they 

become pregnant would be expected to prevent low birth weight in malarious areas 

(Allen et al. 1998). 
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2.7.3 Anaemia in adolescence 

Anaemia prevalence is highest in the developing world where 

approximately 42 % of children less than five years of age and 53 % of children 5 to 14 

years of age are anaemic (ACC/ SCN 2000). The aetiology of anaemia is usually 

multi-factorial. These factors include micronutrient deficiency, haemoglobinopathies, 

and infections with malaria, schistosomiasis, worn1 infestations (e.g. hookworm, 

trichuris, and ascaris), tuberculosis and other chronic diseases. 

Most studies of anaemia in sub-Saharan Africa have focused on children 

less than 12 years of age (DeMaeyer & els-Tegman 1985). In areas with stable malaria 

transmission, malaria is the likely predominant cause of anaemia in young children 

under five years of age, and the prevalence of anaemia in this age group has been 

shown to be a sensitive indicator to changes in malaria exposure (Desai et al. 2005). 

By modeling the relationship between malaria prevalence and anaemia, it has been 

estimated that only 3.3 % of anaemia in women of child-bearing age is attributable to 

malaria (Caneiro et al. 2006). Whether malaria is a major contributor to anaemia in 

adolescents as it is in young children is unknown as there is scarcity of data regarding 

the adverse consequences of malaria in adolescence. 

Among adolescents, anaemia aetiology is probably more complex and 

multi-factorial than in the younger children. While nutritional deficiencies, most 

importantly iron deficiency, are regarded as the most important cause of anaemia in 

adolescents, multiple other causes co-exist with this deficiency. These include helminth 

infections, most importantly hookworm and schistosomiasis (ACC/ SCN 2000). Many 

girls are often already anaemic by the time they become pregnant and the pregnancy 

period is too short to reduce pre-existing anaemia, particularly when many women do 
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not seek pre-natal care until their second or third trimester (DeMaeyer & els-Tegman 

1985; Kurz 1996; Nelson 1996). 

Maternal anaemia is associated with reduced physical capacity (Haas & 

Brownlie 2001; Kurz & Galloway 2000), even in mild fornls (Nelson ef al. 1994), 

reduced cognitive function and school performance (Nelson 1996; Stoltzfus 2001). 

poor pregnancy outcomes such as preterm birth, low birth weight (Allen 2000) and 

reduced growth in early infancy (Perez et al. 2005). 

2.7.4 Iron and other nutritional deficiency anaemias 

The prevalence of anaemia remains high in less developed countries 

(Tolentino & Friedman 2007). Tolentino and Friedman reviewed the current 

knowledge on anaemia and underscore the importance of micronutrient deficiencies of 

iron and vitamins. The co-existence of high levels of parasitic diseases are also 

contributory factors for the slow progress in reducing anaemia prevalence in these 

countries. 

Iron deficiency is estimated to affect the health of more than one billion 

people world-wide (ACC/ SCN 2000). Some mild to moderate fomls of iron 

deficiency may exist in which the individual is not yet anaemic but tissue functionality 

may be affected. Young children are most affected due to increased requirements 

during periods of rapid growth and imbalanced diets that are poor in bio-available iron 

during the critical post-weaning period, especially in areas with inadequate or no iron 

fortification in food preparations (Stoltzfus 2001). During adolescence, iron 

requirements increase dramatically in both males and females as a result of the 

expansion of the total blood volume and the increase in lean body mass. The onset of 

menses in young females further increases these requirements. The overall iron 
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requirements increase from a pre-adolescent level of approximately 0.7- 0.9 mg Fe per 

day to as much as 2.2 mg·Fe/d or perhaps even more in heavily menstruating young 

women of which less than 10 % is absorbed (Beard 2000). These increased 

requirements are associated with the timing of the growth spurt as well as sexual 

maturation and the onset of menses. Adolescent girls are unlikely to acquire substantial 

iron stores during this time period because intakes may average as little as 10-11 mg 

Fe/d (Beard 2000). In developing countries, iron requirements are even higher in the 

presence of infectious diseases (Brabin & Brabin 1992a). The low iron stores in these 

young women of reproductive age will make them susceptible to iron deficiency 

anaemia during pregnancy because dietary intakes alone are insufficient, in most cases, 

to meet the requirements of pregnancy (Beard 2000). 

Deficiencies of various vitamins are important contributors to anaemia. 

Vitamin A deficiency has long been recognized to cause anaemia, especially in close 

relation to iron deficiency (Semba & Bloem 2002). Vitamin A appears to influence 

anaemia via modulation of haematopoiesis, by enhancement of immunity to infectious 

diseases and through the modulation of iron metabolism (Bloem 1995). In adolescent 

girls, sex hornlOne patterns correlate significantly with serum retinol which could be 

important for reproductive function, and severe deficiency has been associated with 

sterility and anlenorrhea (Brabin & Brabin 1992b). Studies suggest that vitamin A 

could improve haematologic indicators and enhance efficacy of iron supplementation 

in adolescents (Brabin et al. 2004a). 

Folic acid, which is of special importance in pregnancy, is necessary for 

cell growth and repair; and essential for the formation and maturation of red blood 

cells. Demands for folate increase because of the rapid growth of the fetus and utero-
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placental organs (Tamura & Picciano 2006). In the presence of malaria infection, 

assessment of folate status may pose challenges as Plasmodium spp synthesize folate 

and cause red cell haemolysis to which the body responds by stimulating red cell 

precursors. This leads to folate depletion and megaloblastic anaemia (Fleming 1989). 

On the other hand, reticulocytes also have high folate content and a high number in the 

blood may lead to over-estimation of folate status. 

Vitamin B 12 is also necessary for red cell synthesis and its deficiency is 

associated with megaloblastic anaemia. The contribution of B 12 deficiency to the 

world-wide prevalence of anaemia has not been well established. Tolentino and 

Friedman (2007) reported the prevalence of Vitamin B 12 deficiency as ranging 

between 18 % to 41 % in pre-school children in Kenya and Mexico, respectively; 16 % 

anlong pregnant women in Malawi and 40 % anlong individuals in all age groups in 

Latin America. 

Anaemia prevalence should be estimated routinely in adolescents, and 

there is a scarcity of information on this morbidity in this age group. Nutritional 

anaemia assessments are more complicated, but it is only through improved 

understanding of this pathology that appropriate interventions can be considered, and 

in particular the role of multi-micronutrient supplementation prior to or during 

pregnancy. 
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2.8 Adolescent friendly health services 

Adolescent friendly health services (AFHS) represent an approach which 

brings together high standards and qualities that young people seek in health care. 

Services need to be accessible, equitable, acceptable, appropriate, comprehensive, 

effective and efficient (McIntyre 2002). They can be stand alone, linked to health 

facilities, school health progranm1es or conmmnity outreach services. Barriers in 

adolescents' access to AFHS are influenced by socioeconomic as well as political 

factors; hence responding to health and development needs of adolescents requires 

broader participation. Creating the right political and community support and the 

engagement of the adolescents themselves is crucial (World Health Organization & 

UNICEF 2002). 

2.8.1 Delivery of AFHS and associated challenges 

Implementation of AFHS in developing countries has mostly been 

championed in relation to sexual and reproductive health issues; hence this discussion 

often uses examples from this field. This highlights the lack of comprehensive 

knowledge of adolescent health issues across different disciplines and gives an 

example of differential vulnerability which may be influenced by age, maturation and 

related demands for specialized services. Younger adolescents or those with delayed 

sexual debut may be under-represented in this case. 

Providing quality AFHS is challenging. To ensure that the services reach 

people who are vulnerable, that services are equitable, inclusive and do not 

discriminate, AFHS could be delivered as an essential comprehensive package of 

services. Multi-component interventions are necessary and these require multi-sectoral 

involvement from health, education, social and community sectors. An adolescent 
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sexual health programme in rural Tanzania assessed the feasibility and sustainability of 

such an approach (Obasi ef al. 2006). The intervention comprised community 

mobilization, participatory reproductive health education in primary schools (teacher

led and peer-assisted), youth-friendly reproductive health services through training and 

supervision of health workers and community-based condom provision for youth. 

Within three years, substantial improvements in knowledge, reported attitudes and 

some reported sexual behaviours, were noted; but it had no consistent impact on 

biological outcomes (HIV and HSV2 prevalence) within a three-year trial period 

(Ross ef al. 2007). The school-based interventions posed some challenges related to 

low enrolment and attendance rates, limited teacher training and little access to 

teaching resources (Plunm1er et al. 2007). The need for complementary strategies to 

access out-of-school youth and the wider community was identified (Obasi ef al. 

2006). 

Delivery of AFHS should be by competent, motivated providers who are 

good at communicating so that the adolescents and their communities are involved and 

find the services acceptable. For example, in Uganda, both male and female 

adolescents articulated the need for a "face of welcome" and the possibility of having 

some of their peers trained as community based distributors for their family planning 

needs (Flaherty et al. 2005). Adolescents can be empowered to be health change 

agents for their own health and in the community, for exan1ple, through school-based 

health programmes (Magnussen ef al. 2001; Onyango-Ouma et al. 2005). Innovative 

strategies for maintaining a system of quality improvement in clinic procedures which 

includes adequate staff support and motivation need to be identified and properly 

implemented accordingly. For example, in South Africa, an accreditation system for 

clinics providing AFHS showed improvements in how providers determined 
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adolescents health needs in the community, their knowledge of adolescent rights, 

availability of adolescent-specific information and better attitudes of staff towards 

adolescent sexual and reproductive health needs (Dickson et al. 2007). 

Adolescents complain that they have limited access to infoffilation which 

impacts on lack of knowledge of their health needs and could lead to a delay in 

recognizing the need to seek care (World Health Organization 2007). This could be 

related to lack of education, limited exposure to media messages and inability to 

comprehend printed communication materials. Associated costs of seeking and 

obtaining care are also important obstacles to the use of health services. These costs 

include user fees, travel and opportunity costs of the adolescent and carer. This may 

delay the decision to seek care or limit access to care. Economic-related decisions may 

be worsened when the condition is perceived as non-threatening or self-limiting 

(World Health Organization 2007). Institutional strategies e.g. lack of targeted 

subsidies for adolescents for ITNs may propagate such perceptions within 

communities. 

2.9 Health seeking behaviour for malaria in adolescents 

Health seeking behavior is the seeking of help for specific health needs, 

including health services (in the formal health care system or from traditional healers 

and pharmacists) as well as seeking health-related information (World Health 

Organisation 1998). Barker et a1. (2007) proposed the use of "help-seeking" when 

addressing the needs of adolescents. This is defined as any action or activity carried 

out by an adolescent who perceives themselves as needing personal, psychological, 

affective assistance, health or social services, with the purpose of meeting this need in 

a positive way. They propose three categories of adolescent help-seeking behaviour. 
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The first category is health-seeking behaviour as already known. The second category 

is help-seeking for normative developmental needs, including help in completing 

school, or help related to vocational training, or employment-seeking; relationship 

formation and concerns; understanding the changes associated with sexuality or 

puberty; or other concerns that are frequently associated with adolescence. The third 

category is help-seeking behaviour related to personal stress or problems, as in the case 

of family crises; family violence or victimization by abuse; relationship stresses; acute 

financial needs; homelessness; and needs or problems related to chronic or acute ill

health. A decision-making model for understanding adolescent help-seeking within a 

given social context has been proposed, encompassing both the individual and 

exogenous factors related to the nature and use of available social supports (Barker 

2007). This discussion focuses on health seeking behaviour for malaria illnesses. 

Health seeking behaviour studies have mostly focused on treatment 

seeking and much less on information seeking. In the case of adolescents, infoffi1ation 

seeking is of high importance also. Adolescent sources of malaria-related information 

include peers, school, parents, clinics and public media. However, barriers to access 

the right information exist. 

2.9.1 Determinants of malaria treatment practices 

Prompt treatment with an effective antimalarial drug is important for 

preventing malaria complications and deaths (WHO 2007). Treatment practices within 

the family and community are inter-related with malaria epidemiology patterns, 

associated malaria treatment policy as well as illness belief systems (McCombie 2002). 

Reviews into literature on treatment seeking and self-treatment for malaria reveal the 

complexity of the issues (McCombie 1996; McCombie 2002; Williams & Jones 2004). 
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Factors that influence treatment choices include cultural beliefs about cause and cure 

of illness which in tum relate to the illness definitions and perceptions, type of drugs in 

use, issues of access, cost and provider attitudes. 

McCombie (1996) reviewed care seeking patterns and their determinants 

among studies published between 1985 and 1993. Studies were mostly from Africa 

and Asia, with a small number from South America. Treatment seeking patterns were 

very variable. Use of the formal health sector ranged from 10 to 99 %, self-treatment 

from 4 to 87 % and exclusive reliance on traditional remedies was rare. The first 

response to most episodes began with self-treatment with modem and traditional 

medicines. Exclusive reliance on self-treatment was evident in almost half of the cases, 

usually with an antimalarial drug, and under-dosing was very common. McCombie 

(2002) added to the available knowledge up to 2002 with special focus on self

treatment. 

Overall, the treatment choices may be detern1ined by location, age, 

educational level, severity perception and prior experience to the disease. Treatment 

patterns between urban and rural locations and all these are inter-related to access. 

Urban populations tend to have better access to health facilities and pham1acies. 

Younger age, e.g. children less than five years old, are more likely to be taken to health 

facilities (Kaseje ef al. 1987; Molyneux ef al. 1999; Slutsker ef al. 1994). Higher 

educational level of the mother has been associated with promptness to seek care from 

a health provider (Tarimo ef al. 1998) and better knowledge of antimalarials (Tarimo 

ef al. 2001). Higher educational level of the head of household has also been 

associated with higher likelihood of attending a clinic (Slutsker ef al. 1994), and this 

could be related to socio-economic status. 
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In locations where formal community-based access is available, self

treatment may be less preferred. For example, participants in a conmlUnity-based 

cross-sectional study from an epidemic prone area in Ethiopia preferred visiting 

community-based health workers (33 %), followed by use of public health facility (23 

%) or private clinics (17 %). Home treatment was chosen as the last resort (3%) and 

this was in spite of high self-diagnosis (77 %) (Deressa 2007). In Vietnam, provision 

of a good comprehensive package for access to early microscopic diagnosis and free 

treatment based on community involvement reduced self-treatment. Self-treatment 

decreased from 74 % to 8 % in seven years although self-diagnosis increased from 68 

% to 100 % (Giao ef al. 2005). A prospective study from a mral malaria holo-endemic 

community in Nigeria showed that community health workers were preferred to self

treatment or other treatment choices (Onwujekwe ef al. 2006). The use of community 

health workers (CHWs) increased from 0 % to 26.1 % (p < 0.05), while self-treatment 

in the homes decreased from 9.4 % to 0 % (p < 0.05) after the implementation of the 

CHW strategy. Use of patent medicine dealers also decreased from 44.8 % to 17.9 % 

(p < 0.05). 

Experience of the disease could also playa role in treatment choices. For 

example, a prospective study in mral Gambia assessed the treatment choices and 

uptake for P falciparum malaria infection, with monthly examination of malaria blood 

slides (Von ef al. 2002). Although access to treatment was good, only 20 % of infected 

individuals sought medical treatment within a period of 14 days before or after a 

malaria positive blood film. Within 2 months of a positive film, only 27 % requested 

treatment. Likelihood to seek treatment was associated with higher parasite count of 

>500 per microlitre (odds ratio 5.2, 95 % CI 3.6, 7.4) and higher malaria prevalence at 

village level. Only 42 % of the malaria positive slides had high parasitaemia counts. 
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Factors related to reporting of prior antimalarial use and its ascertainment are 

important. For example, participants may under-report prior use in order to access 

antimalarial drugs provided by the study, hence the use of tests to detect antimalarial 

levels in blood or urine is useful (Nsimba et al. 2002; Nsimba & Rimoy 2005; 

Nwanyanwu et al. 1996). 

Study design may also influence estimates of treatment rates. McCombie 

(2002) argued that mild illnesses were more likely to be forgotten especially if they 

were not treated. As a result, prospective studies and those that use shorter recall 

periods may underestimate estimates. Variation in the choice of terms used to 

designate fever or malaria could result in different episodes of illness being recalled. 

Clinical presentation and associated differential diagnoses for malaria also need 

consideration in study design (Tanner & Vlassoff 1998). For example in endemic 

areas, clinical malaria commonly presents as a febrile illness with parasitaemia. The 

infection can however be asymptomatic with non-specific signs hence resulting in mis

diagnosis and poor treatment. 

2.9.2 Self-treatment for malaria infection 

Self-treatment is any treatment that does not involve consulting a health 

care provider or traditional healers. Thus an individual or carer who visits a shop or 

pharmacy to purchase medication is included in this definition. However, the definition 

has limitations because in some cases visits to shops or pharmacies may involve advice 

seeking and consultation (McCombie 2002). Self-treatment entails self-diagnosis in 

most cases; hence definitions of malaria may be variable according to the cultural 

understanding of malaria. This leads to diversity in the self-treatment practices for 

malaria (McCombie 2002). Some studies combined home treatment with traditional 

53 



remedies; others noted proportions that accessed treatment outside formal health 

providers but did not discuss types and sources of treatment. When described, self

treatment may involve a number of behaviours with very different potential impacts on 

an episode of disease. These could include use of cool baths, use of herbal remedies 

and purchase of drugs from a shop. 

Adolescents experience illness and actively participate in their own health 

care as part of the essential adaptive skills of life. Little is known on how adolescents 

respond to perceived malaria illness. Studies in school-going adolescents have shown 

that knowledge and use of both herbal and pharmaceutical medicines is substantial 

(Geissler et al. 2001). In schoolchildren age 11 to 17 years in rural western Kenya, 

participants experienced on average 25 illness episodes each during 30 weeks of 

follow-up (Geissler et al. 2000). Illnesses included colds, headache, abdominal 

complaints and injuries; fever was a common symptom. One fifth (21%) of the illness 

episodes were associated with absence from school. In 72 % of the episodes, an adult 

caretaker was not consulted for treatment. Of these, 81 % remained untreated, while 19 

% were treated by the children themselves with either herbal or western medicines. Of 

all episodes involving treatment with pharmaceutical drugs, two thirds were provided 

or facilitated by adults and one third taken by the children themselves without adult 

involvement. Among older adolescents more than 14 years old, boys had better access 

(34 %) to self-treatment with drugs than girls (9%). Similar trends were observed 

among younger adolescents with a narrower gap. These differences in self-treatment 

practices and choice of medicines between girls and boys may have reflected the 

higher income potential of boys, who could earn money by fishing. The most 

commonly used pharmaceuticals were antimalarials (mainly chloroquine), pain-killers 
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and anti-pyretics (mainly aspirin and paracetamol), which were stocked in most small 

shops in the village at low prices and readily sold to children. 

In pregnant adolescents, health seeking behavior is influenced by a large 

number of factors operating at the individual, family, community and societal levels 

(World Health Organization 2007). The decision making process surrounding 

adolescent's ability to seek care is complex, showing variations among countries and 

cultures, and could be severely limiting in some cases. The pregnant adolescent may 

have less autonomy, being dependent on her partner, mother-in-law or parents for 

approval and access to services (World Health Organization 2007). Addressing the 

adolescent's educational, social, economic, nutritional, psychological, as well as 

medical needs is more likely to result in better pregnancy outcomes for the mother and 

child, and also broadens the adolescent's life options (World Health Organization 

2007). 

Self-treatment also raises issues of drug regulation and rational drug use, 

under-dosing or over-dosing, drug pilferage from public health institutions into the 

private sector. Self-treatment based on insufficient knowledge and limited funds could 

lead to misuse of pharmaceuticals drugs. With increasing resistance to chloroquine and 

SP, most African countries are moving to antimalarial combination therapy. Self

treatment may be used by women following self-diagnosis of malaria (Espino & 

Manderson 2000; Nyamongo 2002) or due to lack of access to health facilities 

(Hotchkiss & Gordillo 1999; Mugisha et al. 2002) and this could lead to inadvertent 

exposure to antimalarial drugs. In a Ugandan study on perceptions on malaria in 

pregnancy, most women could not differentiate symptoms of malaria from those of 

early pregnancy (Mbonye et al. 2006). It was considered that fever or febrile illness 
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was a normal sign of pregnancy and this was related to the use of herbs and clay as a 

first resort to treat pregnancy ailments. Safety information of antimalarial drugs during 

pregnancy is limited (Nosten et al. 2006) and uncertainty still remains over the 

neurotoxicity of artemisinins, currently recommended as part of antimalarial 

combination therapy (ACTs) (Toovey 2006). The risks of inadvertent and unnecessary 

exposure to ACTs in early human pregnancy are unknown. Exploration of more 

gender-sensitive approaches that take into account endemicity levels and cultural 

settings would be beneficial for better malaria control (Tanner & Vlassoff 1998). 

2.10 Adolescent health literacy 

Literacy is fundamental to any nation's development. A literate person is 

defined as one who engages in all activities in which literacy is required for effective 

functioning of his or her reference group and community and also for enabling him or 

her to use reading, writing and calculation for their own and the community's 

development (UNESCO 1995). Health literacy is defined as representing the cognitive 

and social skills which determine the motivation and ability of individuals to gain 

access to, understand and use information in ways which promote and maintain good 

health (World Health Organisation 1998). The health literacy concept provides an 

opportunity to shift our thinking from a simple transfer of knowledge to that which 

enables people to take an active role in bringing about change in environments that 

influence their health (Nutbeam & Kickbusch 2000). Health literacy is especially seen 

as a more active process empowering women (Renkert & Nutbeanl 2001). This 

conceptual understanding of health literacy, which is a continuum of health literacy 

that includes basic or functional health literacy to interactive and critical health 

literacy, is not easy to measure objectively (Nutbeam 2000). In developed countries, 

various objective tests for health literacy exist while in developing countries, the basic 
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definition of literacy as ability to read and write is mostly applied. Nutbeam & 

Kickbusch (2000) highlighted the global recognition of health literacy towards the end 

of the twentieth century, yet still lacking a measurable programme definition. They 

emphasised the fundamental and long-established relationship between access to 

education, population literacy levels and health status. 

Fig 2.4 illustrates a hypothetical model of the maternal health-literacy 

pathway (LeVine ef al. 2004). 
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Figure 2.4: Hypothetical influences of mate mal literacy on health and child 
development 

1. Maternal schooling: 
• Years of attendance during childhood and 

adolescence 
• Attendance in adult literacy program if applicable 

2. Literacy and language skills (in adulthood): 
• Reading comprehension 
• Academic language 

3. Health skills: 
• Understanding health messages 
• Interacting with health practitioners! providers 
• Improved health seeking behaviour 
• Community involvement in health and other 

developmental activities 

1 
4. Utilisation of services: 

• Prenatal care 
• Immunization 
• Contraceptive use 
• Community-based disease prevention activities, 
• Domestic health practices 

l 
5. Reproductive and health outcomes (in child's 
generation) 

• Infant and child mortality rate 
• Prevalence of malnutrition 
• Fertility rate (of mother) 

Adapted from LeVine et al. 2004 
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Maternal literacy and language skills gained from schooling influence 

health literacy which in tum impact on the health knowledge and behaviour for health 

skills and utilisation of health services. In a systematic review of published 

observational studies covering a 23 year period (1980-2003) in the United States of 

America (USA), the aetiological association of health literacy was assessed against a 

wide range of health outcomes (Dewalt ef al. 2004). The studies were mostly evaluated 

based on tests using word recognition and pronunciation or prose writing to define 

literacy levels as low or high. Although the findings may be limited due to the larger 

number of cross-sectional study designs compared to cohort studies and other reporting 

issues; a high correlation between the various literacy testing instruments was noted 

and it was concluded that they do essentially measure the same underlying construct. 

From the analysis, the authors found compelling evidence that people with low literacy 

were generally 1.5 to 3 to times more likely to have an adverse health outcome than 

those with higher literacy. 

Access to education, especially for girls, is probably one of the 

fundamental actions which can improve public health in the world's poorest countries 

(Nutbeam & Kickbusch 2000b). Adolescent girls' education and literacy coverage 

among malaria endemic countries are variable, and so is their malaria knowledge. In 

some adolescent studies, education has been shown to have an association with malaria 

knowledge (Rodriguez ef al. 2003) and has been identified as a significant predictor of 

knowledge on HIV / AIDS (Khan 2002). Access to relevant fomls of information for 

adolescent girls before pregnancy may be centrally important for preventing pregnancy 

morbidity and even mortality. It is therefore crucial to understand how such 

information is acquired and how best to empower adolescent girls for their own and 

future families' health. 
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Using data from World Fertility Surveys (WFS) and re-analysed by 

Cochrane, Cleland et al. (1988) the authors showed that the education-mortality 

association is appreciably stronger in childhood than in infancy. Maternal schooling of 

4 to 6 years duration was associated with a fall in infant mortality of about 20 %. The 

author showed that the inverse education-mortality relationship was found in all major 

regions of the developing world. The association was very pronounced, but 

appreciably closer in childhood than in infancy, and even a modest exposure of the 

mother to fonnal schooling was associated with reduced risks of death in most contexts 

(Cleland & Van Ginneken 1988). The authors explored associations between education 

and each of the following: reproductive health, socioeconomic status and use of health 

facilities. 

Between education and reproductive health, relatively high risks of infant 

death were associated with younger mothers (less than 20 years old), older mothers (35 

and over) and short birth intervals. There was also the tendency for educated women to 

reproduce at low risk ages because of postponement of marriage and earlier cessation 

of childbearing. In relation to socioeconomic status, a few years of primary schooling 

was associated with a 20 % drop in the probability of dying between age 1 and 5 years, 

a few more years of primary schooling brought about another 10 % fall, and a further 

20 % drop with secondary schooling. The tendency was universal for better educated 

women to marry similarly advantaged men and hence enjoy relatively high standards 

of living. As such, interaction between education with income and household facilities 

might be expected. On the other hand, it was equally plausible to argue that availability 

of good water and sanitation might erode the educational advantage. Cleland et al. 

(1998) surnnlised that the economic advantage associated with education (income, 

water and latrine facilities, clothing, housing quality etc) probably accounted for about 
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one-half of the overall education-mortality association. On use of health facilities, 

inter-relationships between maternal education, health service provision and childhood 

mortality was complex and variable. There were countries whose primary health 

services were so weak that they had no effect on the health of mothers or children. 

There were also countries whose services tended to accentuate educational disparities 

because of differential access. Finally, there were countries perhaps only a few in 

numbers, with services sufficient to offset the advantage of education and bring about 

greater equality in health and survivorship. 

Figures 2.5 and 2.6 show the crude relationship of female literacy and 

childhood mortality estimates using data from UNESCO (UNESCO Institute for 

Statistics 2004) and demographic health surveys, respectively. The inverse relationship 

is apparent between female literacy with under-five mortality (Figure 2.5) and infant 

mortality (Figure 2.6). 
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Figure 2.5: Under 5 mortality and female literacy. 
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Figure 2.6: Infant mortality and female literacy 
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CHAPTER THREE 

STUDY METHODOLOGY 

This chapter outlines the study methodology for the main study except for data related 

to Chapter 8, which is presented in the relevant chapter. 

3.1 Study location 

The study was conducted in Chikwawa district, located in the lower Shire 

valley, southern Malawi (Figure 3.1). Malawi had an estimated population of 9.9 

million people during its previous census in 1998, with an estimated inter-censal 

growth rate of 2.0 % per annum (Malawi National Statistical Office 2004). A 

landlocked country in south-eastern Africa, it spans an area of about 118,500 square 

kilometers with altitude ranging from 1,000 to 2,000 metres above sea level. The 

country is organized into 29 Administrative Districts, which are further divided into 

traditional authorities (T As) comprising specific village groups. It is mainly an 

agricultural country with a gross domestic product of 156 USD per capita (Malawi 

national Statistical Office 2004). 

Malawi has a sub-tropical climate, which is relatively dry and strongly 

seasonal. The hot dry season lasts from September to October with average 

temperatures varying between 25 and 37 degrees Celsius and humidity around 50 %. 

The wann wet season occurs from November to April, during which 95% of the 

annual precipitation occurs. Annual average rainfall varies from 725nUll to 2,500mm 

with humidity reaching up to 87 % and mean temperatures of 17 to 27 degrees Celsius. 

The low-lying areas of the lower Shire Valley are vulnerable to floods during heavy 
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rains. A cool dry winter season occurs from May to August with temperatures ranging 

between 4 and 10 degrees Celsius, (Malawi Meteorological Services 2007). 

Figure 3.1: Map of Chikwawa district showing location of study vi Ilages 
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Malaria transmission in Malawi is stable and year round, with 

topographical and seasonal variations. Transmission is highest along the lower-lying 

areas and during the rainy season. Malawians experience an estimated 30 to 50 

infective bites per person per year, translating into about eight million episodes of 

malaria per year in the general population (Ministry of Health and Population 200 I). 

Over 85 % of the malaria infections are due to P. falciparum alone, with a small 

number of mixed infections with P. ovale and P. malariae (Ministry of Health and 

Population 2001). Malaria transmission in the lower Shire valley is perennial and in 

certain months intense. Recent malaria vector studies in this area, which screened 

mosquitoes using polymerase chain reaction (PCR) methods predominantly showed P. 

falciparum (99.5 %) and a small proportion of P. malariae (0.5 %), (Mzilahowa 

2005). The entomological inoculation rate (EIR) was estimated at 183 infective bites 

per person per year, with most transmission taking place between January and April. 

Health services in Malawi are provided through three types of health 

facilities. Firstly, government-owned health facilities with no user fees for the 

majority, although a small number offer fee-paying facilities in the larger districts. 

Secondly, faith-based mission-administered health facilities which have subsidized 

user fees, and thirdly private facilities. Chikwawa district is served by a government

owned hospital (Chikwawa District Hospital), a subsidized fee-paying mission hospital 

(St. Montfort's Hospital) and fourteen health centres. Chikwawa has high infant 

mortality estimated at 131 per 1,000 live births. Illiteracy is also high in the district at 

56.5 %, which is higher than the national average of 42.4 %. Illiteracy is more frequent 

in females (67.9 %) compared to males (45.1 %) (National Statistical Office 2004). 
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This study was concentrated within villages in the St. Montfort's Hospital 

catchment population. The largest sugar estate in the country, SUCOMA, is located in 

this area and provides seasonal employment for surrounding villages. Some of the 

selected villages had been involved in an Adolescent Girls Literacy (AGLIT) village

based project targeting illiterate girls out of school. This project aimed to improve 

health-seeking behaviour and prevent early pregnancy through health literacy 

interventions and has developed appropriate teaching curricula, including a malaria 

curriculum. An evaluation specific to the malaria literacy curriculum was done prior to 

commencement of this study and is presented in Chapter eight. 

3.2 Study population 

Chikwawa district had a projected population of 437,678 for 2005 

(National Statistical Office 2004). Farming is the main occupation. Subsistence 

farming is mainly of maize, rice, sorghum, seasonal vegetables, bananas, sweet 

potatoes and poultry which are the main food sources. Small-scale fam1ing of 

vegetables, cotton, goat and cattle herding provide additional income for some 

families. The target population was adolescent girls aged 10 to 19 years who 

comprised 11.1 % of the total district population (National Statistical Office 2004). 

Previous studies from 1993 in pregnant women from this Sall1e area reported a high 

malaria prevalence of 34.4 % among pregnant adolescent girls during the wet season, 

who also had high prevalence of anaemia (92.6 % had Hb <11 gldl) (Brabin et al. 

1998b; Kalanda et al. 2006). 

3.3 Study design 

Two community-based cross-sectional surveys of adolescent girls were 

completed during the dry season between September and the first week of December 
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2005 and during the wet season and post-rainy period from January to June 2006. An 

observational study design was selected as no interventions were introduced. Although 

prevalence bias can affect the risk estimates obtained from prevalence risk ratios, the 

cross-sectional design was selected because malaria infection is relatively an acute 

infectious disease. Therefore, this bias would not be as substantial. In addition, the 

cross-sectional design could minimize survey bias which can occur when the same 

participants are surveyed sequentially as some behavioral patterns can alter simply 

because the population is under study. On the other hand, a prospective cohort study, 

which has the advantage to the cross-sectional design because it eliminates prevalence 

bias and provides time-to-event data that better estimates risk, would have been ideal. 

However, this would have required more substantial financial resources and additional 

logistics as well as a longer period of follow-up which was beyond the scope of this 

project. 

3.4 Field procedures 

The research team comprised the research student, a research nurse and a 

research assistant. The health surveillance assistant (HSA) responsible for the 

particular village cluster also assisted and this person resided in the village community. 

An additional student completing a Master's project joined the team for part of the 

second survey. Training in the field procedures was provided for all research teanl 

members. Administrative procedures prior to survey included a meeting that was held 

at district level and permission was requested from village chiefs for the survey to take 

place in the selected villages. Village meetings were pre-arranged before the dates of 

the survey. On the day of survey, an open meeting was held to further brief village 

leaders, parents and participants of survey procedures before requesting participants to 

be interviewed. Demographic and health infornlation was collected by team members 
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using a pre-tested interviewer-administered structured questionnaire (Appendix 2). 

Laboratory materials were stored in an air-conditioned room at a local field office, 

which was rented for the period of the study and these were transported as required to 

the field on the day of the survey. Participants were requested to provide blood and 

urine samples. 

3.4.1 Questionnaire interviews 

Participants were privately interviewed usmg the questionnaire by a 

member of the research team .. Written consent was requested using a standard 

information sheet in the Chichewa language (Appendix 3). Signed consent was 

requested or a thumb print if they were not able to sign (Appendix 4). The 

questionnaire contained information on participant identification, age, occupation, 

marital status, household characteristics, a brief medical history, history of onset of 

menarche, history of fever in the three days prior to the survey, history of antimalarial 

and other drug use, availability and use of insecticide treated bed nets and a basic 

literacy assessment. Medical history was elicited for (a) an ever history of tuberculosis, 

diabetes, sickle cell disease, hypertension and asthma, and (b) history of urinary tract 

infections and sexually transmitted infections during adolescence. A series of prompts 

for symptoms were used for the latter group. A history of fever was assessed through a 

three-day history prior to study date and by measurement as part of the physical 

examination. Participants were requested to read letters and words as well as copying a 

word in order to assess literacy. Total literacy scores depicted tri-modal distribution 

and were thus categorized into illiterate, semi-literate and literate. Health cards were 

sought when available lor further validation of some participant infornlation. Mission 

hospitals had introduced use of these cards some years before the government 

introduced them in about 1996. Individuals would usually acquire the health cards at 
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birth or when seeking help for an illness at both mission and government health 

facilities. A small fee of about 15 Malawi Kwacha was usually charged for these health 

cards. 

3.4.2 Physical examination 

Physical measurements were completed by the research student and a 

Master's student assisted in obtaining some of the anthropometric measurements under 

supervision. The general health status of the girls was recorded. Temperature, height, 

weight and mid-upper arm circumference (MUAC) measurements were taken. 

Temperature was measured using a Braun Thermoscan ear thern10meter in ° C. Fever 

was defined as tympanic temperature equal to and above 37.5 °C. 

Height, weight and MUAC measurements were taken with the participants 

wearing light clothing and no shoes; no repeated measures were done and this could 

cause observational error as test-retest reliability could not be checked. Height was 

measpred using a portable minimiter aligned to a locally made wooden stand and 

standardized using a fixed wall chart at the hospital. This was recorded to the nearest 

millimetre and later converted to centimetres during data cleaning. Weight was 

measured to 0.1 kilogrammes on a digital Seca model 770 scale (Seca Inc., Columbia, 

MD, USA). MUAC was measured to the nearest 0.1 cm at the mid-point of the left 

upper arm between the acromion process and the tip of the olecranon using a non

stretch insertion tape. The weighing scale was only standardized at the beginning of 

the surveys, which could affect the validity of the measurements and could lead to 

systematic error in one direction by either overestimating or underestimating the true 

measures. Height-for-age and weight-for-age z-scores were obtained using the 1978 

CDC/ WHO normalized versions of the 1977 NCHS reference curves. The CDC 2000 
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reference population was used to obtain BMI for age z-scores because the 1977 NCHS 

does not have complete reference values for older adolescents. 

Self-assessment of breast development was done using a pictorial chart for 

breast development stages designed by Tanner (Appendix 4). This type of assessment 

has been validated in adolescents in industrialized settings (Brooks-Gunn ef al. 1982; 

Chan et al. 2008; Taylor et al. 2001). Infornlation on its validation in sub-Saharan 

Africa of developed country settings is limited but its use anlong adolescents has been 

reported in western Kenya (Leenstra et al. 2005). Identification of pregnant 

participants was through questionnaire interview (directly asking if the participant was 

pregnant or from the history of the last normal menstrual period if it was indicated this 

was delayed) and confirmed by urine pregnancy tests. Pregnant participants were 

referred for antenatal care if they had not already started attending. 

3.4.3 Blood collection 

Blood was collected by finger prick for checking malaria and 

haemoglobin. Paracheck Pf rapid test (Orchid Biomedical Systems, Goa, India) was 

used for screening for malaria infection exposure. This test detects P. Jalciparum

specific histidine rich protein II (HRP II) in whole blood samples and excludes PJ 

infection with high accuracy. According to the manufacturer's instructions, a finger

prick blood sample was placed in the relevant well, six drops of the buffer solution 

were applied to another well and results read within three minutes. A thick blood 

smear for malaria microscopy was obtained, allowed to dry in the open air for up to 20 

minutes and transported to the laboratory in the evening. Slides were stained within 48 

hours using Field stain and read under x 100 light microscopy by the laboratory 

technician at St. Montfort's Hospital, who was an experienced malaria microscopist 
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(referred to as Reader 1). In order to achieve 10 % precision assuming 90 % sensitivity 

and specificity, the investigator (referred to as Reader 2) completed separate quality 

control checks on the 280 randomly selected slides using random numbers 

independently generated by a statistician in Liverpool. Slides were considered negative 

when no parasites were seen per 200 white blood cells counted. There was good inter

rater agreement of microscopy results: 93.3 % agreement, kappa statistic 0.684 

(standard error 0.058). Parasite density ranged from 40 to 8000 parasites per Ill, mean 

682.5 (± 1086). A futher 20 slides were cross-checked by a malaria microscopist expert 

(referred to as Expert reader) at the Liverpool School of Tropical Medicine in order to 

validate the quality control screening of the investigator. Though limited in san1ple 

number due to the microscopist's time limitations, the results showed good agreement 

89.4 % agreement, kappa statistic 0.641 (standard error 0.214). 

A portable battery operated photometer (HemoCue, Angelholm, Sweden) 

was used for haemoglobin estimation. A HemoCue cuvette was filled and read 

according to manufacturer's instructions. On each morning of the field work, the 

Hemocue was calibrated using the control cuvette provided by the manufacturer. 

Anaemia was defined as haemoglobin less than 12 grammes per decilitre. Severe 

anaemia was defined as haemoglobin less than 8 grammes per decilitre. Participants 

with a haemoglobin level of less than 109 per deciliter were given a one-month course 

of ferrous sulphate tablets (200 mg iron) according to prevailing clinical guidelines. 

Those with a haemoglobin level of less than 8 g per deciliter were referred to the 

hospital for further evaluation. 

3.4.4 Urine collection 
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Urine was collected in 200 ml containers in the field. Urine was tested for 

pregnancy using an hCG One-step Pregnancy Test Strip (ACON Biotech. Co., Ltd.). 

Samples were transported in a cooler box for storage at the hospital laboratory, then 

alliquoted into 5 ml containers and frozen awaiting further transportation to Liverpool 

for further analysis on antimalarial drug metabolites. Due to an observation that some 

of the urine samples were bloody, a record of whether urine appeared bloody or not 

was added while the study had already commenced. 

Deteetioll of eh/oroquiJle and slilphadoxi"e-pyrimethamille ill urille 

The drug metabolite assays were undertaken by Dr. T.A. Eggelte at the 

Amsterdam Medical Centre, the Netherlands using an ELISA procedure. Two different 

ELISA tests were used for the detection of chloroquine in urine. The first ELISA was 

based on the use of a monoclonal antibody F73-8 which recognizes the quinoline part 

of the chloroquine molecule and therefore not only detects chloroquine but also a 

number of chloroquine metabolites. The second ELISA used a monoclonal antibody 

F149-12 which is much more specific and shows only low cross reactivity with 

chloroquine metabolites and amodiaquine. In the ELISA test, 96-well microtitre plates 

were coated with a solution of the monoclonal antibodies for 3 hours. Plates were 

washed with phosphate-buffered saline (PBS) I 0.05% Tween-20 and stored. Urine 

samples were tested in a I: I 0 dilution in PBS. To the wells of the microtitre plate 50 ~l 

of urine dilution was added together with 50 ~l of a chloroquine calibration series. 

After addition of 50 ~l of a solution of a chloroquine-peroxidase conjugate in 

PBS/O.05% Tween-20/l % bovine serum albumin (BSA) to all wells, the plate was 

incubated for one hour at room temperature. Different chloroquine horseradish 

peroxidase (CQ-HRP) conjugates were used in combination with the two different 

antibodies. After washing of the plate with PBSIO.5% Tween-20 100 ~l of a 
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tetramethyle benzidine (TMB)1H202 substrate solution in Citrate/Acetate buffer pH = 

4 was added to all wells of the plate. After 20 minutes the reaction was stopped by 

addition of 50 III per 1 ml of H2S04. Some samples were also tested using a dipstick 

assay which was based on the use of chloroquine monoclonal antibody F73-8. The 

procedure for the detection of pyrimethamine and sulfadoxine was similar to that of 

chloroquine. For pyrimethamine a monoclonal antibody F131-23 was used and for 

sulfadoxine antibody F115-5 which detects also the main metabolite of sulfadoxine 

e.g. N4 Acetylsulfadoxine. 

3.5 Statistical methods and data analysis 

3.5.1 Sample size 

Since the aim of this research is merely to measure the point prevalence of 

malaria, no hypothesis is being tested. Win Episcope 2.0 software (de Bias ef al. 2000) 

was used for sample size calculation. In order to detect malaria parasitaemia 

prevalence of 35 % with accuracy (Le. 95 % confidence intervals) of ± 5 %, we 

calculated that this required a total of 350 adolescent girls. Due to expected clustering 

of individuals and villages in these community-based studies, we used a conservative 

estimate of 2.0 for the cluster design effect, meaning that the planned sample size was 

doubled to 700 participants per survey. An estimated malaria prevalence of 35 % was 

selected based on previous studies conducted in 1994. If prevalence is actually lower 

than 35 % due to improved malaria control strategies over time, thereby requiring a 

reduced sample size, effect would be to increase accuracy of the estimate. Single-stage 

random cluster sampling was used, with clusters selected by probability proportional to 

size (Bennett ef al. 1991), with villages being identified as clusters. Montfort 

catchment population villages and their estimated populations for 2005 were computed 

in a spreadsheet. An independent statistician selected the villages based on cumulative 
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population density sampling. The basic sampling unit was adolescent girls 10 - 19 

years old. A rapid census of adolescent girls was carried out through enumeration at 

household visits in the selected villages. Adolescent girls were then randomly selected 

from the census lists prior to each survey by an independent statistician with no 

intention of repeated participant selection. 

The St. Monfort catchment population had ninety villages. These villages 

are all located on the western side of the Shire River and served by the one hospital 

and therefore assumed to harbor similar populations. Thirteen villages were surveyed 

during the dry season survey and nineteen villages during the wet season survey, three 

of which had been surveyed during the dry season. All selected villages agreed to take 

part in the study. Due to delays in obtaining ethical clearance, the dry season survey 

was delayed leading to a reduced sample size than planned. 

3.5.2 Data analysis 

Data was entered in Epilnfo version 3 (Centres for Disease Control (CDC) 

2002) and analyzed in Stata 8.0 (Stata Corporation 2003) and SPSS version 14 and 15 

(LEAD Technologies Inc. 2006). Data were explored for distribution, data type, 

checking the use of correct coding, missing variables, typos and abnormal values and 

relevant data cleaning performed. No statistical manipulations were done for missing 

data and these were analysed as system missing. Comparisons were made between dry 

and wet seasons. Differences between proportions were compared by the chi-square 

test. Normally distributed continuous data were compared by the Student's t-test. 

Generalised estimating equations (GEE) algorithm by multiple regression was used in 

order to adjust for clustering effects. This analysis was done as it allows for within

cluster and between-cluster correlations inherent in community-based cross-sectional 
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data and thereby making the estimates of prevalence risk ratios (PRR) and p-values 

more precise. Univariate and multivariate analyses were completed to identify and 

quantify associated factors. Potential variables for consideration in a logistic regression 

model were identified using a p-value cut-off of 0.2. Estimates of PRR and their 95 % 

confidence intervals were calculated. Statistical significance was p-value < 0.05. 

3.5.3 Definitions 

~fararia parasites 

Malaria parasitaemia was defined as presence of P. Jalciparum parasites by light 

microscopy. Symptomatic malaria was defined as the presence of P. Jalciparunl 

parasites on light microscopy in the presence of fever. Paracheck rapid test positive 

result is reported as rapid test positivity. Fever was defined as tympanic temperature 

equal to and above 37.5 0 C. 

Age and matllration 

Chronological age was calculated from the reported date of birth. If exact 

age was unknown, the mid-point of the month and / or year was used to estimate age if 

an appropriate age was available from the participant, parent or guardian. Several 

prompts for memorable national or local events were used to assist parents and 

guardians in remembering the month and year of birth if they had forgotten. 

Gynaecological age is the period between current age and age at onset of menses. This 

was calculated from the reported date of onset of menses, or as the number of years 

since the onset of menses reported by participant if the date was unknown. If 

gynaecological age was less than a year, it was recorded as 0.5 years. 

Anaemia 
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Anaemia was defined as haemoglobin less than 12 grammes per decilitre. 

Severe anaemia was defined as haemoglobin less than 8 grammes per decilitre. 

Allthropometric 

Stunting was defined as height-for-age less than mmus 2 standard 

deviations. Underweight was defined as weight-for-age less than minus 2 standard 

deviations. Body mass index (BMI) was calculated as weight in kilogrammes divided 

by the square of height in metres. Undernutrition was defined as BMI less than the 5th 

percentile of the values for the reference population. 

ITNs 
Ownership of an insecticide treated bed net (ITN) and its associated access 

and use by the participant was elicited from the interview using standard household 

questions for WHO Roll Back Malaria indicators (WHO 2006). ITN availability was 

defined as the reported presence of at least one ITN in the household. ITN access was 

defined as access by the participant to an ITN within the household. ITN use was 

measured using the standard indicator of use of an ITN during the night prior to the 

survey date. although the validity varies and could be over-estimated in ITN 

intervention studies. Additionally a non-standard measure of ITN use was measured as 

the reported number of nights per week that the participant slept under an ITN and this 

is elaborated as such when used in the results and discussion. This has been previously 

used during rapid vector control assessments together with the standard measure in 

Malawi because of concerns of over-estimation of the RBM question in assessing ITN 

use (personal communication D. Chiphwanya. National Malaria Control programme). 

Assessmellt Oil use of treatmellt ill respOilse to il/lless 
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Use of antipyretic and antimalarial drugs was elicited from the interview 

using open ended questions and the interviewer recorded the relevant drugs mentioned. 

The list of drugs included Aspirin, Paracetamol/ Panadol, Chloroquine, SPI Fansidarl 

Novidar, Quinine, Halfanl Halofantrine, Co-trimoxazolel Bactrim and Artemisinin 

derivatives. For those who sought treatment from a health facility, the health passport 

was inspected when available. Ascertainment of drugs from other sources could not be 

made. 

3.6 Ethical approval 

Ethical approval was given by the Malawi Health Sciences Research 

committee and Liverpool School of Tropical Medicine Ethics Committee. Infom1ation 

sheets and consent forms used in the study are included as appendices 3 and 4, 

respectively. 

3.7 Sample population description 

A total of 1315 adolescent females were recruited, which represented a 

95.8 % acceptance rate as 57 refused to participate in the study. Eighteen (1.4%) 

participants were re-sampled during the wet season and these have been excluded from 

analyses leaving 1297 participants: 496 in dry and 801 in wet season. High proportions 

of participants consented to the various tests being done. The rapid malaria tests were 

available for 99.5 %, blood slides for 97.1 % and pregnancy tests for 87.4 % of the 

participants. Urine was collected for 88.1 % of the participants and bloody urine colour 

was checked for 78.8 % of participants (44.7 % in the dry season and 99.1 % in wet 

season san1ples). 
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CHAPTER FOUR 

NUTRITIONAL AND HEALTH CHARACTERISTICS OF 

NON-PREGNANT ADOLESCENT FEMALES 

4.1 Introduction 

The health of adolescents has been neglected for many years because of 

their lower morbidity and mortality than younger children. Nevertheless, adolescents 

are vulnerable to many health-related life risks through specific lifestyles factors, food 

habits, physical activity patterns and health behaviours established during childhood 

and during adolescence (World Health Organization & UNICEF). Adolescents are 

predisposed to significant health problems ranging from sexually transmitted diseases, 

including HIV I AIDS, physical injury, mental health problems and several nutritional 

deficiencies. 

Undernutrition is highly prevalent in childhood and adolescence in many 

developing countries (World Health Organization 1995). The cumulative effect of poor 

nutrition and health during childhood is manifest in linear growth retardation which is 

an important indicator reflecting chronic undernutrition (ACCI SCN 1997). Despite the 

importance of linear growth retardation, anthropometric studies among adolescents in 

developing countries are very limited. For African studies, stunting and thinness have 

been reported as common among school-going non-pregnant adolescent females from 

western Kenya although the prevalence of these decreased markedly with increasing 

age and sexual maturation (Leenstra ef al. 2005). Previous studies of pregnant 

adolescents from Malawi also have reported a 40 % prevalence of stunting (Fazio

Tirrozzo ef at. 1998; Kalanda ef al. 2006; Brabin ef al. 1997). 
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The aIm of this analysis was to describe the health and nutritional 

characteristics of the non-pregnant adolescent females who participated in the cross

sectional surveys of this study. 

4.2 Statistical analysis 

Data was analyzed in SPSS 14.0 and 15.0 and in Stata 8.0 using the GEE 

(generalized estimating equations) algorithm by multiple regression adjusted for 

clustering effects. The EpiNut progranune in Epi-info 2000 was used to calculate z

scores obtained using the 1978 CDC/ WHO normalized versions of the 1977 NCBS 

reference curves. The CDC 2000 reference population was used to obtain BM! for age 

z-scores because the NCHS did not have reference values for older adolescents. 

Nutritional variables were described according to both chronological age and 

gynaecological age. Statistical significance was considered at a p-value < 0.05. Three 

measures of adolescent nutritional status i.e. height for-age z-score (HAZ), body mass 

index for-age z-scores (BM!) and low MUAC for age were explored for associated 

factors. Univariate and multivariate analyses were completed to identify and quantify 

factors associated with the measures of nutrition and prevalence risk ratios (PRR) were 

estimated. Potential variables for consideration for a multiple regression analysis were 

identified using a p-value of < 0.2. Univariate analyses for combined data are 

presented both adjusted and unadjusted for season. As season is one of the co-variates, 

this limits identification of seasonal effects on the risk factor analysis for the outcomes 

being measured. 
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4.3 Results 

4.3.1 Sample population description 

A total of 1297 participants were surveyed: 496 in dry and 801 in wet 

season. Table 4.1 summarises the socio- demographic characteristics of the 

participants. The majority of the population relied on subsistence farnling and some 

sources of unskilled work depending on seasonal availability. Water for household use 

was mostly provided through communal pipes and taps usually in the villages proximal 

to the sugar estate, and boreholes or other natural sources in those villages farther away 

from the estate. However, utilisation of these water sources changed by season due to 

logistical factors. Most of the participants were school-going, although about one third 

were illiterate. 

Age, gynaecological age, participant occupation, maternal education, 

paternal education, marital status and type of dwelling house were comparable for the 

study samples in the two seasons. Those seen in the dry season had a higher number of 

years of schooling (p < 0.001) and a higher literacy rate than those adolescents seen 

during the wet season survey. This could almost be entirely explained by the fact that 

the question sought 'completed years of schooling'; the dry season survey occurred 

during holidays after the academic year had ended while the wet season survey 

occurred during the academic calendar before year completion. Fewer girls who were 

surveyed in the wet season had attended AGLIT literacy classes and the overall 

attendance was low and this corresponded to lower literacy levels. Farnling was also 

more frequently undertaken by parents of wet season participants (p <0.001). Thirty

four of the participants (2.6 %) were pregnant, leaving 477 and 786 non-pregnant 

participants in the dry and wet seasons, respectively. 
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Table 4.1: Socio- demographic characteristics of non-pregnant and pregnant 
adolescent girls by season of survey 

Characteristic 

Mean (sd) 
Age in years 
Gynaecological age in years 
Education - years of schooling 
Maternal years of schooling 
Paternal years of schooling 
Number (Percentage) 
Married 
Pregnant 
Attended AGLIT 
Literacy level: Illiterate 

Semi-literate 
Literate 

Earned! earning cash 

Occupation: student (in-school) 
farming 
other unskilled work 

SUCOMAI Trade! Business 

Maternal occupation: Farming 
Civil service 

Ganyu 
other unskilled work 

SUCOMAI Trade! Business 
Deceased 

Paternal occupation: Farming 
Civil service 

Ganyu 
other unskilled work 

SUCOMAI Trade! Business 
Deceased 

Type of house: Grass thatched 
Corrugated iron roof 

Missing 
Water source: Borehole 

Tap! piped 
River 
Well 
Missing 

t Adjusted for clustering effect 

Dry season 
(n = 496) 

13.4 (2.8) 
2.4 (1.6) 
3.9 (2.4) 
5.1 (3.4) 
7.6 (3.3) 

66 (13.3) 
19 (3.8) 
29 (5.8) 
143 (28.8) 
39 (7.9) 
314 (63.3) 
21 (4.5) 

354 (71.4) 
59 (11.9) 
69(13.9) 
14 (2.8) 

276 (55.6) 
7 (1.4) 
20 (4.0) 
156 (31.5) 
25 (5.0) 
12 (2.4) 

191 (38.5) 
26 (5.2) 
19 (3.8) 
88 (17.7) 
149 (30.1) 
23 (4.6) 
319 (64.3) 
174 (35.1) 
3 (0.6) 
127 (25.6) 
268 (54.0) 
11 (2.4) 
86 (17.3) 
4 (0.7) 
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Wet season 
(n = 801) 

13.2 (2.8) 
2.4 (1.7) 
3.4 (2.0) 
4.7 (3.3) 
7.4 (3.3) 

78 (9.7) 
15 (1.9) 
21 (2.6) 
309 (38.6) 
87 (10.9) 
405 (50.6) 
38 (4.7) 

595 (74.3) 
100 (12.5) 
88(11.0) 
18 (2.2) 

629 (78.5) 
12(1.5) 
26 (3.2) 
87 (10.9) 
33 (4.1) 
14 (1.7) 

372 (46.4) 
22 (2.7) 
28 (3.5) 
98 (12.2) 
242 (30.2) 
39 (4.9) 
551 (68.8) 
247 (30.8) 
3 (0.4) 
136 (17.0) 
527 (65.8) 
97 (12.1) 
37 (4.6) 
4 (0.5) 

p-value* 

0.184 
0.677 
<0.001 
0.162 
0.362 

0.208 
0.027 
0.003 

<0.001 

0.935 

0.298 

<0.001 

0.004 

0.180 

<0.001 



4.3.2 Health characteristics of non-pregnant adolescent females 

Table 4.2 summarises the health characteristics of the non-pregnant 

participants. 

Table 4.2: Health characteristics of non-pregnant adolescents by season of survey 

Characteristic N Dry season N Wet season 
povalue* {n =4771 In =7861 

Mean (sdl 
Chronological age in years 477 13.2 (2.8) 786 13.1 (2.7) 0.622 
Gynaecological age in years 477 2.2 (1.5) 786 2.4 (1.7) 0.419 
Age at menarche in years 477 14.4(1.2) 786 14.3(1.2) 0.640 
Body temperature in 0 C 460 37.4 (0.4) 757 37.2 (0.4) < 0.01 
Education 0 years of schooling 476 3.9 (2.1) 784 3.4 (2.0) < 0.001 

Number (Qercentagel 
Attended AGLIT 476 29(6.1) 784 21 (2.7) 0.003 

Literacy level: Illiterate 134 (28.9) 299 (38.6) 
0.001 Semi-literate 464 38 (8.2) 775 85 (11.0) 

Literate 292 (62.9) 391 (50.8) 

Pubertal (Tanner B >=2) 471 283 (60.1) 773 428 (55.4) 0.178 

Post-menarche 477 152 (31.9) 786 212 (27.0) 0.058 

Tanner breast staging: B1 109 (39.9) 345 (44.6) 
B2 474 

48 (17.6) 
773 146 (18.9) 

B3 30 (11.0) 110 (14.2) 0.083 
B4 14 (5.1) 64 (8.3) 
B5 72 (26.4) 108 (14.0) 

Own a health book 467 185 (39.6) 785 347 (44.2) 0.085 

Smoke 475 1 (0.2) 785 3 (0.4) 0.188 

Alcohol 452 2 (0.4) 784 2 (0.2) 0.576 
Fever history- in past 3 days 472 85 (18.0) 785 153 (19.5) 0.497 
Body temperature ~ 37.5 0 C 460 87 (18.2) 757 189 (23.5) 0.027 

Tuberculosis 475 
1 (0.2) 

785 6 (0.7) 0.256 
Asthma 4 (0.8) 20 (2.5) 0.032 
Sexually transmitted diseases 0(0.0) 3 (0.2) 0.271 
Urinary tract infections 48 (9.8) 406 (49.9) < 0.001 
Diabetes o (0.0) 0(0.0) 1.000 
Hypertension 0(0.0) 2 (0.3) 0.271 
Sickle cell disease 0(0.0) o (0.0) 1.000 

Bloody urine 213 8 (3.8) 779 221 (28.4) < 0.001 
Malaria rapid test positive 477 56 (11.7) 780 147 (18.8) 0.001 
Malaria microscopy positive 475 16(3.4) 779 44 (5.7) 0.070 
Symptomatic malaria 460 13 (2.8) 757 27 (3.6) 0.347 
t Adjusted for clustering effect 
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Mean age was 13.1 (± 2.7) years and mean gynaecological age 2.3 (± 1.6) 

years. Age, gynaecological age, age at menarche, maternal education, paternal 

education, marital status and type of dwelling house were comparable in the two 

seasonal surveys. The proportion of post-menarcheal girls was higher during the wet 

season with boarderline significance and no seasonal difference was observed by 

Tanner stage or in the mean age at menarche. Significant differences between the dry 

and wet seasons were observed for mean body temperature, proportion of febrile 

participants, and the mean number of years of schooling, AGLIT attendance and 

literacy level. Body temperature ranged between 35.5 °c to 39.2 °c, mean 37.3 °c 

and 21.5 %, with a higher proportion of febrile girls (2: 37.5 °C) in the wet season than 

in the dry season (23.5 % versus 18.2 %). Although mean temperature is lower for the 

wet season by 0.2 °c, the proportion that was febrile in the wet season was more than 

in the dry season. The mean difference in years of schooling was 0.5 years, higher in 

the dry than wet season, which could almost be entirely explained by the fact that the 

question sought 'completed years of schooling'; the dry season survey occurred during 

holidays after the academic year had ended while the wet season survey occurred 

during the academic calendar before year completion. This could also explain the 

significant differences in literacy level. Fewer girls who were surveyed in the wet 

season had attended AGLIT literacy classes and the overall attendance was low and 

this corresponded to lower literacy levels. Smoking and alcohol intake were very rare. 

The commonest history of morbidity was symptoms associated with a 

urinary tract infection which were more frequent in participants in the wet than dry 

season surveys (49.9 % versus 9.8 %, P <0.001). Urine samples collected during the 

wet season were significantly bloodier in appearance (28.4 %) than in the dry season 
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survey (3.8 %). The correlation between reported urinary symptoms and bloody urine 

was 0.233, p< 0.001 (Spearman's rho). Rapid test positivity had significantly higher 

prevalence in the wet season while malaria microscopy positivity was of borderline 

statistical significance between the two surveys (p = 0.07). Symptomatic malaria was 

more common in the wet than dry season (p = 0.347). 

4.3.3 Nutritional assessment 

Prevalence o/malnutrition and seasonal variation 

Table 4.3 summarises the nutritional characteristics of the participants. 

Mean haemoglobin was significantly higher by O.3g1dl in the wet compared to the dry 

season (p = 0.022). Mean z-scores for height (p < 0.001) and weight (p = 0.024) were 

lower in the wet than dry season. The proportion classified as stunted was higher in 

the wet (13.6 %) than the dry season (8.4 %), (p = 0.009). 

Table 4.3: Nutritional assessment of non-pregnant adolescents, by season of survey 

Characteristic Dry season Wet season p-valuet 

Mean (sd) 

Haemoglobin in gldl 11.2 (1.9) 11.5 (1.8) 0.022 

Height-for-Age Z-score -0.61 (1.21) -0.88 (1.12) <0.001 

Weight-for-Age Z-score -1.25 (0.77) -1.37 (0.73) 0.024 

BMI-for-Age Z-score -1.40 (1.49) -1.27 (1.28) 0.086 

Number (12.ercentagel 

Stunting (HAl < -2SD) 39/467 (8.4) 99/729 (13.6) 0.009 

Underweight (WAl < -2SD) 78/467 (16.7) 127/729 (20.3) 0.179 

BMI-for-Age <5th percentile 164/467 (35.1) 254/729 (34.8) 0.922 

BMI-for-Age < -2SD 120/467 (25.7) 158/729 (21.7) 0.146 

Low MUAC-for-Age 339/467 (72.9) 520/729 (68.1) 0.073 

Anaemia (Hb < 12 g/DI) 1821300 (60.7) 437/775 (56.4) 0.204 

Severe anaemia (Hb < 8 g/DI) 16/300 (5.3) 28/775 (3.6) 0.203 

t Adjusted for clustering; HAl - Height-for-Age Z-score; WAZ - Weight-for-Age Z-score; BMIZ - Body 
mass index-for-Age Z-score. 
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Age and pubertal maturation 

Anthropometric parameters by chronological and gynaecological age for 

dry and wet season participants are shown in Figure 4.1. Mean height, weight, BMI, 

and MUAC increased sequentially with age plateauing at approximately 17 years of 

age. Mean height and weight were lower in wet season compared to dry season 

participants in those younger than 16 years of age and this difference became less 

marked in older girls. These seasonal differences were smaller for MUAC 

measurements. When plotted by gynaecological age these differences were much 

smaller, except for weight, which in the first two years after menarche was consistently 

lower in the wet season. 
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Figure 4.1: Mean height, weight and MUAC, by chronological or gynaecological age 
(error bars represent 95 % CI) 
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Onset of menarche and z-scores 

Figure 4.2 shows trends in z-scores for height, weight and body mass 

index by age, without stratification by menarche status. Deficits in z-scores remained 

uniform with only slight variation throughout adolescence. 

Figure 4.2: Mean height, weight and BMI z-scores by chronological age 
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Figure 4.3 shows the age-related differences in height, weight, MUA 

BM!, HAZ and BMI-Z according to menarche status. The means for height, weight 

and MUAC were higher in post-menarcheal than pre-menarcheal participants across all 

ages. BMI, height z-score and BMI z-score estimations varied, although below 19 

years of age z-scores were lower in post-menarcheal adolescents for 6 of the 7 age 

plots. 
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Figure 4.3: Mean height, weight, mid-upper arm circumference (MUAC) body mass 
index (BMI), height-for-age z-score (HAZ) and BMI z-score (BMIZ) according to 

menarche status 
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Table 4.4 presents the univariate regression analyses for height z-scores, 

BMI z-scores or low MUAC-for-age, adjusted and unadjusted for season. Adjusted 

and unadjusted estimates were reasonably comparable except for AGLIT attendance. 

The adjusted estimates are therefore reported for better precision. Chronological age 

and gynaecological age were strongly correlated (r=0.83, p=O.OI). The height z-score 

and low MUAC-for-age were not significantly associated with any of the co-variates. 

Body mass index z-score was significantly associated with age (PRR 1.03, 95 % CI 

1.01, 1.06; p=0.016), AGLIT attendance (PRR 1.49, 95 % CI 1.02, 2.18; p= 0.040), 

literacy (PRR 1.02,95 % CI 1.00, 1.03; p=O.OlO), paternal education (PRR 1.36,95 % 

CI 1.06, 1.74; p= 0.017), and marginally with maternal education (PRR 1.20,95 % CI 

1.00, 1.44; p= 0.054). 

Multivariate analysis was completed for BMIZ only as the criteria for 

inclusion in multivariate analysis was p-value less than 0.2 from the univariate 

analysis. Body mass index z-scores showed associations with maternal education (PRR 

1.23; 95 % CI: 1.02, 1.48; p = 0.033), adjusted for seasonal effect and maturation 

status by gynaecological age. 
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Table 4.4: Univariate analysis of factors associated with height for age z-score (HAZ), body mass index for age z-score (BMIZ) and low mid
upper arm circumference (MUAC)-for-age 

Co-variate HAl 8MI z-score Low MUAC 
for Age 

~ t , t , t 
PRR (95 % el) p PRR (95 % el) p PRR (95 % el) p PRR (95 % el) p PRR (95 % el) p PRR (95% el) 

Age, yrs 0.98 0.128 0.98 0.156 1.03 0.016 1.03 0.006 1.01 0.502 1.02 
(0.95,1.01) (0.95,1.01) (1.01,1.06) (1.01,1.06t 10.97,1.06) (0.97,1.06) 

Age, yrs 0.97 0.388 0.97 0.322 1.06 0.050 1.06 0.058 1.02 0.659 1.02 
(premenarcheal only) (0.92, 1.03) (0.91, 1.03) (1.01,1.12) (1.00,1.13) (0.93,1.13) (0.92,1.23) 
Age, yrs 0.99 

0.819 0.99 0.814 1.04 0.130 1.05 0.130 1.08 0.179 1.08 
(postmemacheal only) (0.93, 1.06) (0.93, 1.06) (0.99,1.11) (0.99,1.11) (0.97,1.21) (0.96,1.21 ) 
Gynaecological age Yrs 0.98 

0.427 0.98 0.514 1.04 0.139 1.05 0.079 1.07 0.164 1.07 
(0.92, 1.03) (0.92, 1.04) (0.99, 1.10) (0.99,1.10) (0.97, 1.18) (0.97, 1.19) 

Attended AGLlT: No reference reference reference reference reference reference 
Yes 0.84 0.409 0.93 0.728 1.49 0.040 1.39 0.075 1.44 0.293 1.52 

(0.57, 1.26) (0.63, 1.39) (1.02,2.18) (0.97, 2.00) (0.73,2.87) (0.77,3.00) 

Literacy score 
1.00 0.867 1.00 0.568 

1.02 0.010 1.02 0.012 0.99 0.204 0.99 (0.97. 
(0.99, 1.01) (0.99, 1.01) (1.00,1.03} J1.00,1.03t (0.96. 1.01) 1.01) 

Education, years ~ 4 reference reference reference reference reference reference 
<4 1.00 (0.87, 0.988 1.04 (0.90, 0.617 0.95 0.539 0.94 0.440 1.13 0.334 1.15 (0.90, 

1.18} 1.201 (0.82,1.11) (0.81,1.09) (0.88, 1.45) 1.48) 
Patemal education, ~4 reference reference reference reference reference reference 

(years) <4 0.95 0.690 0.95 0.709 1.36 0.017 1.37 0.015 0.79 0.317 0.79 (0.50, 
(0.72,1.24) (0.72, 1.24) (1.06,1.74) {1.06, 1.76t (0.50, 1.25) 1.26} 

Matemal education ~ 4 reference reference reference reference reference reference 
(years) <4 0.98 0.842 0.98 0.969 1.20 0.054 1.20 0.050 1.22 0.238 1.22 (0.86, 

(0.80, 1.20) (0.80, 1.20) (1.00, 1.44) (1.00, 1.45) (0.88, 1.21) 1.671 
llAdjusted for season survey group; tUnadjusted for season survey group; HAl - height for-age z-score, BMIZ - body mass index for-age z-score. mid-upper arm 
circumference (MUAC)-for-age; PRR - prevalence risk ratio; AGLIT - Adolescent girls literacy programme. 
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0.494 

0.699 

0.190 

0.152 

0.232 

0.294 

I 

0.253 

0.320 

0.274 



4.4 Discussion 

In this sample of 10 to 19 year old females, low z-scores for height, 

weight, BMI as well as low MUAC were prevalent in comparison to the reference 

population. This indicates that chronic undernutrition was common in this population. 

Although seasonal differences were observed, the improved anthropometric status of 

dry season participants compared to those in the wet season could relate to the higher 

proportion of post-menopausal girls participating in the dry season surveys, as 

following menarche anthropometric measures improved for all ages. The significant 

difference in AGLIT attendance between the two surveys could be due to chance or 

reflect the non-random village coverage of the AGLIT project whose recmitment 

selection related to the vulnerabilibity factors for access to education and illiteracy. 

Childhood malnutrition is highly prevalent in mral Malawi (Maleta et al. 

2003) and the stunting and undernutrition in these adolescents therefore reflects a 

continuum of chronic nutritional deficiency from childhood through to adolescence. 

Previous studies in rural adolescents aged 12 to 19 years from the Shire Valley, who 

were in early pregnancy (under 18 weeks gestation), have shown high levels of chronic 

undernutrition with evidence of catch up in linear growth in late adolescence (Kalanda 

et al. 2006). Prolonged catch-up growth of children stunted during pre-school ages has 

been reported in other African studies with catch-up being attained to the WHOI 

NCHS reference values by the age of20 to 22 years (Coly et al. 2006). 

The age at menarche in this population was 2 to 4 years later than the 

reference NCHS population. Similar delays in onset of menarche among 

undernourished adolescents have been described in other developing country 

populations (Chowdhury et af. 2000; Dreizen et af. 1967; Simondon et al. 1997). Mean 
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z-score estimates for the Malawian adolescents were derived using NCHS reference 

data and are therefore confounded as the onset of menarche in the NCHS reference 

dataset is approximately 2 years earlier than that for this Malawian population. This 

mismatch could lead to an overestimation of stunting and undernutrition in pre

menopausal adolescent (Butte et al. 2007). This discrepancy could explain, at least in 

part the poorer anthropometric status in pre-menopausal compared to post-menopausal 

adolescents. It also could explain why seasonal differences in anthropometric values 

were reduced when gynaecological rather than chronological age was used for 

classification, as the former adjusts for age of onset of menarche. 

The high proportion of participants with low MUAC measurements when 

compared to the USA reference population should be interpreted in the context of 

more rapid fat deposition in healthy American adolescents during puberty (Codeiro ef 

at. 2006; NCHS 1974). The overall pattern of adolescent nutrition and growth in this 

Malawian population supports the conclusion of prolonged linear growth with 

restricted catch-up. However, because of some misclassification, the analysis 

emphasizes the importance of developing an appropriate reference standard showing 

growth deviations in adolescents from countries with later onset of menarche. This 

would allow for nutritional differences related to age of menarche between Western 

and African populations to be better assessed. 

The results show that participant age, paternal illiteracy, maternal illiteracy 

(though borderline) as well as AGLIT attendance were associated with increased 

undernutrition as measured by BMI in the univariate analysis. By menarche status, the 

significant univariate association with age is however only significant in 

premenarcheal participants, reflecting the relevance of puberty in assessing growth. 
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The criteria for selection into the literacy programme were illiteracy and not attending 

school. This prior selection was reflected in these nutrition characteristics indicating an 

already vulnerable population of adolescents. Initial attendance at AGLIT classes 

equates to a proxy measure for this vulnerability. Around a third of participants were 

illiterate.In multivariate analysis, only maternal illiteracy significantly predicted an 

increased risk of undernutrition. Maternal illiteracy has been associated with poor 

health and nutrition during childhood (Caldwell 1979; Caldwell 1986). 

Most participants were in good health although symptoms associated with 

urinary tract infections were common and there was significant correlation of the UTI 

symptoms with haematuria. This area is endemic for infection with schistosomiasis 

(Bowie et al. 2004) and the high haematuria prevalence indicates the magnitude of this 

problem in these communities. Episodes of haematuria were probably confused with 

urinary tract infection. Environmental parasitic infestations are almost universal in 

people living in poverty and population-based studies into their relationship to growth 

faltering in children are advocated (Salazar-Lindo et al. 2004). A small seasonal 

increase in mean haemoglobin was observed during the wet season, which was 

significant. This may be due to differences in survey populations or could indicate 

differences in food availability or infection exposure from other pathogens. Malaria 

was more frequent in the wet season when diagnosis was based on the rapid diagnostic 

test (RDT), which assesses current and recent exposure in the previous 2 to 4 weeks, 

although not more frequent when based on malaria microscopy. The higher RDT 

positivity compared to the malaria microscopy prevalence estimates reflect the fact that 

the RDT used would assess period prevalence in terms of exposure to malaria 

infection. Malaria microscopy measures only current malaria parasitaemia with 
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parasites densities above 50/,.ti blood (Cruciani ef al. 2004). The rapid diagnostic test 

used in this study measures histidine rich protein II. 

Undernutrition in childhood and adolescence leads to poor physical and 

mental development, effects school performance and reduces adult size and capacity 

for physical work (ACCI SCN 1997). Undernutrition also influences the host's 

immune response against infection and potentiates the effects of infection through 

decreased food intake and impaired nutrient absorption, transport and utilization in 

target tissues. In adolescent girls from rural African communities, this is at a critical 

stage prior to their first pregnancy. The potential role of nutritional interventions 

during this period should be considered and few studies have addressed this possibility 

in this target age group (ACCI SCN 2000). 

4.5 Conclusions 

Stunting and undernutrition were common anlongst non-pregnant female 

adolescents in these poor rural communities of the Shire valley and exposure to 

malaria infection and infection with schistosomiasis was not infrequent. Nutritional 

interventions should be considered in this population as a strategy to improve their 

health and in order to improve nutritional status prior to pregnancy. Such interventions 

could include fortified foods or multi-micronutrient supplements. There is a need for 

randomized controlled trials to assess their benefits in these nutritionally vulnerable 

populations. Increased public health control measures are required to address the high 

prevalence of schistosomiasis and substantial exposure to malaria. 
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CHAPTER FIVE 

SEASONAL MALARIA PREVALENCE IN NON-PREGNANT 

ADOLESCENT FEMALES AND ASSOCIATED FACTORS 

5.1 Introduction 

Susceptibility to Plasmodium falciparum malaria is age dependent such 

that adolescents from malaria endemic countries acquire partial immunity with 

increasing age due to frequent childhood exposure to malaria parasites (MacDonald 

1957). As such, malaria infection among adolescents in these endemic areas is thought 

to be infrequent and asymptomatic and therefore to remain undetected and untreated. 

The evidence for this is limited and there is little data on malaria prevalence in 

adolescents (Lalloo et al. 2006). A review of malaria burden in adolescents from seven 

countries with a cumulative sample size of 1,068 estimated the incidence of clinical 

malaria in adolescents at 0.13 to 1.18 attacks per year in stable transmission areas 

(Lalloo et al. 2006). 

Gender also influences malaria susceptibility due to differential exposure 

to infective vectors, which relates to differences in work, behavioral patterns and 

possibly host susceptibility between males and females, translating into differing 

infection risk (Brabin & Brabin 1992a). This differential exposure influences the 

intrinsic features of the immune response (Abebe et al. 2002). Endocrine factors may 

also be important, but this aspect has been little studied. In animal studies, raised 

estradiol has been associated with decreased parasitaemia and increased cerebral 

malaria incidence, while the adrenal horn10ne, dehydroepiandrosterone (DHEA) had 

no effect (Libonati et al. 2006). Testosterone in experimental animals was reported to 
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impair efficacy of protective malaria vaccination (Wunderlich ef al. 1993), and 

suppressed the protective responses to both liver and blood stage malaria (Krucken ef 

al. 2005). Few human studies suggest that host susceptibility to malaria infections is 

modified by endocrine status and development during puberty (Kurtis ef al. 2001; 

Leenstra ef al. 2003). Kurtis ef al. (2001) showed that DHEAS levels positively 

correlated with malaria immunity acquired in puberty and Leenstra ef al. (2003) 

showed that increasing DHEAS levels were positively associated with acquisition of 

malaria immunity during puberty. It is not known if gynaecological age is associated 

with malaria prevalence. 

5.2 Objective 

The objective of this study was to describe the point prevalence and 

associated factors of malaria parasitaemia and symptomatic malaria in non-pregnant 

adolescent females during the dry and wet seasons. 

5.3 Statistical analysis 

Data was analysed in Stata 8.0 and SPSS 15.0. Comparisons were made 

between dry and wet seasons, adjusted for clustering effects using the generalized 

estimating equations analysis algorithm with independent correlation matrix. Malaria 

parasite prevalence is assessed on the basis of microscopy results. Symptomatic 

malaria was defined as malaria parasitaemia with recorded fever (tympanic 

temperature 2: 37.5 0 C). A rapid malaria diagnostic test was also used as an indicator 

of current or recent malaria exposure, which represents exposure within the 2 to 4 

weeks prior to the time of the test. Statistical significance was considered at a p-value 

< 0.05. Potential variables for consideration for a logistic regression analysis were 

identified using a cut-offp-value of < 0.2. Single variables were entered for univariate 
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analysis, with and without adjusting for the effects of survey season. Univariate and 

multivariate analyses were done to identify and quantify factors associated with 

malaria parasitaemia and symptomatic malaria. 

5.4 Results 

5.4.1 Reliability of microscopy results 

Comparison of microscopy results are presented in Table 5.1. There was 

good agreement between readers 1 and 2; agreement was 93.3 %, kappa statistic 0.684 

(standard error 0.058). In comparison to expert microscopy, agreement was 89.4 %, 

kappa statistic 0.641 (standard error 0.214). 

Table 5.1: Comparison of light microscopy results in non-pregnant adolescents 

Reader 1 and Reader 2 Reader 2 and Expert reader 

Reader 1 Expert reader 

Positive Negative Positive Negative 

N Positive 252 8 N Positive 0 1 .... .... 
C1J C1J 
'C 'C 
ns ns 

~ Negative 5 2 ~ Negative 2 17 

Agreement 93.3% Agreement 89.4 % 

Kappa statistic 0.684 Kappa statistic 0.641 

Standard error 0.058 Standard error 0.214 

5.4.2 Prevalence of malaria parasites and related malariometric measures 

Malaria prevalence and related malariometric indices are presented 111 

Table 5.2. 
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Table 5.2: Malaria prevalence. and malariometric variables by season of survey 

Variable N 
Dry season N Wet season 

p-value* n =477 n =786 

Malaria microscopy positive 475 16 (3.4) 779 44 (5.7) 0.070 

Malaria rapid test positivet 477 56 (11.7) 780 147 (18.8) 0.001 

Symptomatic malaria 460 13 (2.8) 757 27 (3.6) 0.347 

Fever - within prior 3 days 472 85(18.0) 785 153 (19.6) 0.497 

Body temperature ~ 37.5 0 C 460 87 (18.2) 757 189 (23.5) 0.027 

Mean body temperature in 0 C § 460 37.4 (0.4) 757 37.2 (0.4) < 0.01 

Mean haemoglobin in g/dl § 300 11.2 (1.9) 775 11.5 (1.8) 0.022 

Anaemia (Hb < 12 g/dl) 300 182 (60.7) 775 437 (56.4) 0.204 

Severe anaemia (Hb < 8 g/dl) 300 16 (5.3) 775 28 (3.5) 0.203 

ITN owned in household 458 353 (77.1) 782 648 (82.9) 0.010 

Mean no. of ITNs in household § 458 1.6 (1.3) 782 1.7 (1.2) 0.020 

Mean no. of ITNs in household* § 207 2.4 (1.1) 372 2.5 (1.0) 0.281 

Participant owned/ accessed ITN 458 207 (45.2) 782 372 (47.6) 0.439 

Used ITN previous night .. 207 132 (63.7) 372 328 (88.2) <0.001 

No. of nights/week using ITN§ .. 207 2.6 (1.9) 372 4.9 (2.2) <0.0001 

Values are number (percentage), except § mean (standard deviation); t Adjusted for clustering 
.. Among participants who own an ITN; tParacheck Pf test 

Malaria parasites prevalence was higher in the wet season by a difference 

of2.3 %, although this difference was not significant (p = 0.070). The rapid test results 

showed that the proportion with a positive result was significantly higher in the wet 

than the dry season (p = 0.001). Although the mean temperature was lower for the wet 

season than in the dry season, the proportion who were febrile in the wet season was 

higher than that in the dry season (p = 0.027). The prevalence of symptomatic malaria 

was 2.8 % in the dry and 3.6 % in the wet season (p = 0.347). Anaemia prevalence 

showed no seasonal variation and did not differ according to menarche status (p = 

0.147). Severe anaemia prevalence showed no seasonal variation. Most households 

owned at least one lIN and ownership increased in the wet season (p = 0.010). Less 

than half of the participants owned or had access to an lIN and no seasonal differences 

in ownership were observed. Among the participants with access to an ITN, utilization 
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was significantly lower in the dry than the wet season and hot weather was most 

frequently cited for non-use. 

The prevalence of participant parasitaemia and fever categories based on 

alternative parasite density cut-offs is summarized in Table 5.3. Prevalence estimates 

for parasitaemia with or without fever were lower for higher parasite density 

categories. 

Table 5.3: Prevalence of paras it aemi a and fever categories based on alternative 
parasite density cut-offs 

Participant categoryt 
Any 

~ 100/1-'1 ~ 500/1-'1 ~ 800/1-'1 ~ 10001 pi parasites 

Parasitaemia with fever 40 (3.3) 27 (2.2) 18(1.5) 12 (1.0) 11 (0.9) 

Parasitaemia with no 20 (1.6) 14(1.2) 8 (0.7) 5 (0.4) 3 (0.4) 
fever 
Data is for combined seasons (N=1217); brackets = percentage; 
tdefinition of parasitaemia according to cut-off level shown; fever is tympanic temperature ~ 37.5 °C. 

5.4.3 Age-specific malaria parasite prevalence 

Trends in age-specific malaria prevalence for smear positive parasitaemia 

are presented in Figure 5.1. 
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Figure 5.1: Prevalence of malaria parasitaemia in non-pregnant adolescents by chronological age, gynaecological age and Tanner breast stage 
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Using the trendline for combined data by chronological age, an age

dependent decline in malaria prevalence was observed with chronological age with 

troughs around 13 to 15 years. Most of the stratum specific sample sizes were adequate 

(i.e. ~ 25) except for the 16 year age group (n = 17 in dry season) and 17 year group (n 

= 18 in dry season season). The peak value at age 16 years may therefore be artefactual 

due to these smaller sample sizes for the age class. Seasonal analysis showed that a 

lower proportion tested positive for malaria parasites in the dry than wet season until 

17 years of age when seasonal prevalence was similar. 

When plotted by gynaecological age, seasonal prevalence was lower 

during the dry than wet season for two years following menarche, after which seasonal 

prevalence did not differ by gynaecological age except at 5 years post-menarche when 

the dry season sanlple size was small (n = 9). The trend represented by combined data 

showed a peak in prevalence. following the onset of menarche, with a subsequent 

gradual decline and a second smaller peak at 3 years post-menarche. When plotted by 

Tanner breast stage, dry season prevalence was lower than wet season values. Peak 

prevalence occurred at Tanner B2 staging followed by a decline at B3 with rising 

prevalence for B4 and B5 stages. 

5.4.4 Factors associated with malaria parasitaemia 

Prevalence risk ratio estimates showed that there was a 1.7 times chance of 

testing positive for malaria parasites in the wet than the dry season, though this 

difference was not significant (p = 0.070) (Table 5.3). However, this seasonal 

difference in risk was significant anlong younger adolescents (age =::: 14 years). Using 

the standard RBM age cut-offs, the chance of testing positive in the wet season for 

malaria parasites in adolescents up to 14 years old was about 2.3 times (p = 0.031) that 
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in the dry season. Using a physiological age cut-off, the chance of testing positive for 

malaria parasites in the wet season in early adolescence (i.e. up to 13 years old) was 

2.7 times (p = 0.036) that in the dry season. Risk estimates did not differ for older 

physiological age groups (Table 5.4). 

Table 5.4: Prevalence risk ratios (PRR) of malaria parasitaemia in wet compared to 
dry season by adolescent age groups 

Adolescent group PRR (95 % CI) p-valuet 

All 1.71 (0.96, 3.08) 0.070 

10 -14 years 2.28 (1.08, 4.82) 0.031 
15 -19 years 0.99 (0.37, 2.63) 0.988 

Early adolescence (10 -13 years) 2.73 (1.06, 5.74) 0.036 
Middle adolescence (14 -17 years) 1.82 (0.65, 5.12) 0.254 
Late adolescence (18 -19 years) 0.16 (0.02, 1.49) 0.109 

:t Adjusted for clustering 

Univariate regression analyses for factors associated with malaria 

parasitaemia are presented in Table 5.5. Results are presented both unadjusted and 

adjusted for season of survey. 
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Table 5.5: Univariate analysis of factors associated with malaria parasite prevalence 
adjusted and unadjusted for season 

Malaria parasites 

Co-variate Yes No Season Unadjusted Season adjusted 

Mean (sd) Mean (sd) PRR (95% CI) p-value:j: PRR (95% CI) p-value:j: 

Chron. Age, years 13.3 (2.6) 13.1 (2.7) 0.96 (0.92,0.98) 0.031 0.96 (0.93,0.98) 0.030 

Gynae. Age, years 0.5 (1.0) 0.7 (1.3) 0.65 (0.45, 0.95) 0.027 0.66 (0.46, 0.96) 0.031 

Education, years 3.6 (2.0) 3.6 (2.2) 1.00 (0.99,1.01) 0.988 1.00 (0.99,1.01) 0.853 

Maternal education 5.0 (3.4) 4.8 (3.5) 1.00 (0.99,1.01) 0.539 1.00(0.99,1.01) 0.513 

Paternal education 5.9 (3.2) 7.4 (3.3) 0.99 (0.98,0.99) 0.005 0.99 (0.98,0.99) 0.006 

Tanner breast stage 2.6 (1.6) 2.3 (1.5) 1.02 (1.00,1.03) 0.010 1.02 (1.00,1.03) 0.009 

ITNs in household 1.7 (1.3) 1.7 (1.2) 1.00 (0.99,1.01) 0.854 1.00 (0.99,1.01) 0.780 

Nights/wk under ITN 4.8 (1.9) 4.2 (2.4) 1.00 (0.99,1.02) 0.327 1.00 (0.99,1.02) 0.551 

Literacy score 7.0 (5.3) 7.8 (5.4) 1.00 (0.99,1.00) 0.470 1.00 (0.99,1.00) 0.597 

HAZ - 0.9(1.2) - 0.7 (1.2) 0.99 (0.98,1.00) 0.087 0.99 (0.98,1.00) 0.140 

WAZ - 1.2 (0.8) - 1.3 (0.7) 1.01 (0.99,1.03) 0.321 1.01 (0.99,1.03) 0.235 

BMIZ - 1.5 (1.3) - 1.3 (1.3) 0.99 (0.98,1.00) 0.228 0.99 (0.98,1.00) 0.195 

Number % 

Attended AGLlT: No 57/1203 4.7 1.00 1.00 
Yes 3/50 6.0 1.40 (0.41,4.65) 0.594 1.57 (0.46, 5.30) 0.471 

Illiterate 22/430 5.1 1.00 1.00 
Semi-literate 9/123 7.3 1.42 (0.64, 3.17) 0.394 1.42 (0.64, 3,18) 0.391 
Literate 29/681 4.3 0.80 (0.45, 1.42) 0.450 0.85 (0.48, 1.51) 0,571 
ITN in household: No 14/235 6.0 1,00 1.00 

Yes 46/997 4.6 0.74 (0.40, 1.37) 0.342 0,71 (0.38,1.33) 0.288 
Accessed ITN: No 33/658 5,0 1,00 1.00 

Yes 27/575 4.7 1.02 (0,60, 1.73) 0,952 1,01 (0,59, 1,72) 0.971 
ITN prev nightNo 36/769 4.7 1.00 1.00 

Yes 24/462 5,2 1.22 (0.71, 2.09) 0,475 1.15 (0,67, 1,99) 0.608 
Low MUAC-FA: No 23/366 6,3 1,00 1.00 

Yes 37/854 4,3 0.66 (0.39,1.14) 0.137 0.69 (0.39,1.16) 0.158 
Hb < 12 g/OI: No 20/454 4.4 1.00 1.00 

Yes 34/619 5.5 1.21 (0.69, 2,15) 0.504 1.24 (0.70, 2,19) 0,464 
PRR - prevalence risk ratio; t adjusted for clustering; sd - standard deviation; Chron. Age -
chronological age; Gynae. Age - gynaecological age; HAl - height for age z-score; WAZ - weight for 
age z-score; MUAC - mid-upper arm circumference; AGLIT - adolescent girls literacy programme; ITN 
_ insecticide treated bed net. 

Chronological age, gynaecological age, paternal education and pubertal 

stage by Tanner breast staging were associated with malaria parasitaemia in univariate 

analysis. There was no significant association with anthropometric indices, maternal or 
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participant literacy, availability and access to an ITN in households, or the number of 

nights of ITN use per week. 

In multivariate analysis, seven co-variates were entered (chronological age, 

gynaecological age, paternal education, Tanner breast stage, HAZ, BMIZ and low 

MVAC-FA). The final model showed that malaria prevalence was significantly 

associated with chronological age (PRR 0.92, 95 % CI 0.87, 0.97, P = 0.025), 

gynaecogical age (PRR 0.63, 95 % CI 0.40, 0.98, P = 0.045) and paternal education 

(PRR 0.88,95 % CI 0.80, 0.97, P = 0.009), adjusted for season of survey. 

5.4.5 Prevalence of symptomatic malaria and its associated factors 

Symptomatic malaria was present in 13 (2.8 %) participants during the dry 

and in 27 (3.6 %) during the wet season and the seasonal difference was not significant 

(p = 0.347). The increased risk for symptomatic malaria in the wet than the dry season 

was 1.5 times (PRR 1.50,95 % CI 0.64, 3.50, P = 0.347). Chronological age, paternal 

education, Tanner breast stage and height-for-age z-score were significantly associated 

with symptomatic malaria in univariate regression analysis, adjusted for season (Table 

5.6). Chronological age, gynaecological age, paternal education, Tanner breast stage, 

and HAZ were entered for multivariate analysis. In multivariate analysis adjusted for 

season, significant associations were observed with chronological age (PRR 0.93, 95 

% CI: 0.86, 0.98; P = 0.023) and paternal education (PRR 0.83,95 % CI: 0.74, 0.94; p 

= 0.002) and borderline significance with gynaecological age (PRR 0.65, 95 % CI 

0.40, 1.01, P = 0.053). 
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Table 5.6: Univariate analysis of factors associated with symptomatic malaria 
prevalence adjusted and unadjusted for season 

Symptomatic malaria 

Co-variate Yes No Season Unadjusted Season adjusted 

Mean (sd) Mean(sd) PRR (95% CI) p-value:l: PRR (95% CI) p-value:l: 

Chron. Age, years 13.7(2.9) 13.2(2.8) 1.23(1.02,1.50) 0.033 1.23 (1.02,1.49) 0.033 

Gynae. Age, years 0.7(1.2) 0.7 (1.4) 0.65 (0.45, 0.98) 0.047 0.66 (0.46, 0.96) 0.041 

Education, years 3.7(1.9) 3.6 (2.2) 1.01 (0.87,1.16) 0.905 1.02 (0.88,1.17) 0.834 

Maternal education 4.5 (3.2) 6.1 (4.3) 0.97 (0.88,1.07) 0.521 1.00 (0.99,1.01) 0.513 

Paternal education 5.4 (3.4) 8.7 (3.7) 0.83 (0.74,0.93) 0.002 0.99 (0.98,0.99) 0.006 

Tanner breast stage 2.9(1.7) 2.4 (1.5) 1.52 (1.15,2.03) 0.003 1.53 (1.15,2.03) 0.003 

ITNs in household 1.7 (1.3) 1.7 (1.2) 0.99 (0.77,1.28) 0.956 0.99 (0.76,1.28) 0.915 

Nights/wk under ITN 4.4 (2.0) 4.1 (2.4) 1.06 (0.77,1.46) 0.722 1.04 (0.72,1.49) 0.839 

Literacy score 7.0 (6.8) 7.6 (5.6) 0.99 (0.94,1.05) 0.829 1.00 (0.94,1.06) 0.896 

HAl -1.3 (1.2) - 0.8(1.2) 0.69 (0.50,0.93) 0.017 0.70 (0.51,0.95) 0.022 

WAl - 1.1 (0.8) -1.3 (0.7) 1.43 (0.87,2.35) 0.153 1.49 (0.90,2.46) 0.235 

BMIZ -1.4(1.1) -1.3 (1.3) 0.92 (0.73,1.17) 0.501 0.92 (0.72,1.16) 0.474 

Number % 

Attended AGLlT: No 3711203 3.1 1.00 1.00 
Yes 3/50 6.0 1.89 (0.56, 6.34) 0.302 2.02 (0.60, 6.83) 0.258 

Illiterate 14/430 3.3 1.00 1.00 
Semi-literate 5/123 4.1 1.26 (0.44, 3.57) 0.665 1.26 (0.44,3.57) 0.665 
Literate 21/681 3.1 0.95 (0.48, 1.88) 0.876 0.97 (0.49, 1.94) 0.932 
ITN in household: No 8/235 3.4 1.00 1.00 

Yes 32/997 3.2 0.94 (0.43, 2.07) 0.880 0.92(0.42, 2.01) 0.844 
Accessed ITN: No 19/658 2.9 1.00 1.00 

Yes 21/575 3.7 1.24 (0.66, 2.33) 0.508 1.23 (0.67, 2.31) 0.515 
ITN prev nightNo 22/769 2.9 1.00 1.00 

Yes 18/462 3.9 1.36 (0.72, 2.56) 0.346 1.32 (0.70,2.51) 0.393 
Low MUAC-FA: No 15/366 6.3 1.00 1.00 

Yes 25/854 2.9 0.71 (0.39,1.36) 0.296 0.71 (0.37,1.37) 0.313 
Hb < 12 g/Ol: No 11 1454 2.4 1.00 1.00 

Yes 25/619 4.0 1.69(0.83,3.48) 0.151 1.71 (0.83,3.50) 0.146 
PRR - prevalence risk ratio; :I: adjusted for clustering; sd - standard deviation; Chron. Age
chronological age; Gynae. Age - gynaecological age; HAZ - height for age z-score; WAZ - weight for 
age z-score; MUAC - mid-upper arm circumference; AGLIT - adolescent girls literacy programme; ITN 
_ insecticide treated bed net. 

5.4.6 Validity of Paracheck-Pf rapid diagnostic test 

Using the malaria rapid diagnostic test (RDT) as a proxy measure of 

malaria infection exposure, 56 (11.7 %) of the participants tested positive in the dry 
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and 147 (18.8 %) in the wet seasons (p = 0.001). The seasonal trends by chronological 

age, gynaecological age and Tanner breast stage showed a similar pattern to those 

observed based on microscopy with an age-dependent decline by chronological age 

and pubertal reversal in the first 2 years post menarche, and at 821B3 Tanner breast 

stages (Figure 5.2). 
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Figure 5.2: Trends in malaria Paracheck Pf rapid diagnostic test (RDT) positivity by chronological age, gynaecological age and Tanner breast 
stage 
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Results ofRDT findings compared to microscopy are shown in Table 5.7. 

Table 5.7: Sensitivity and specificity of Para check PfRDT against microscopy 

Malaria microscopy result 

All parasites ~ 100 parasites/IJI ~ 500 parasites/IJI 

Positive Negative Positive Negative Positive Negative 

RDT positive 42 162 37 167 21 183 

RDT negative 18 1028 10 1036 5 1041 

Prevalence 4.8% 3.8% 2.1 % 

Sensitivity 70.0% 78.7% 80.8% 

Specificity 86.4 % 86.1 % 85.0% 

PPV 20.6% 18.1 % 10.3 % 

NPV 98.3% 99.0% 99.5% 
.. 

Prevalence IS sample population malana prevalence by microscopy, PPV - positive predictive value, 
NPV - negative predictive value 

The sensitivity ofRDT against microscopy was 70.0 %, specificity 86.4 %, 

PPV 20.6 %, and NPV 98.3 %. When the criterion for presence of parasites by 

microscopy was restricted to ~ 100/lll or ~ 500/IlI, RDT sensitivity and NPV improved 

although specificity and PPV reduced slightly. 

Figure 5.3 shows the receiver operating characteristic (ROC) analysis 

curves comparing the performance of Paracheck RDT test results against light 

microscopy results. For any parasitaemia, the area under curve (AUC) was 0.78 (95 % 

CI: 0.76, 0.80, standard error 0.030). Using the 100 and SOO/Ill parasite density cut-off, 

the AUC was improved: AUC 0.83 (95 % CI: 0.78, 0.89, standard error 0.031) for the 

former and AUC 0.83 (95 % CI: 0.81, 0.85, standard error 0.040) for the latter. This 

shows reasonably good performance of RDT in identifying participants with malaria 

parasitaemia, with better performance at higher parasite density levels of more than 
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Figure 5.3: Receiver operating curves of Paracheck Pf rapid malaria diagnostic test compared to malaria light microscopy 
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5.5 Discussion 

In this study the point prevalence of malaria parasitaemia and symptomatic 

malaria in adolescent females from seasonal surveys are described and this is possibly 

the first study to describe adolescent malaria prevalence by gynaecological as opposed 

to chronological age. The surveys were community-based and captured both school

going and out-of-school adolescents and therefore should be representative of malaria 

prevalence risk among adolescent females in these rural village communities. 

Comparisons with boys were not part of the study design and therefore the results can 

not be generalized to adolescent males. 

Malaria parasite prevalence by microscopy was 3.4 % in adolescent 

females during the dry season and increased to 5.7 % during the wet season, although 

this difference was not significant. This seasonal difference was more pronounced and 

was significant in younger prepubertal adolescents. By chronological age, malaria 

parasite prevalence showed an age-dependent decline with increasing age. When 

analysed by gynaecological age, this decline showed a reversal at one year post

menarche in both wet and dry season participants suggesting a pubertal influence on 

acquisition of age dependent malaria immunity post-menarche. This reversal spalmed 

a period of approximately one gynaecological year and occurred between one and two 

gynaecological years of age. The study denominators for each gynaecological age class 

before 5 years were adequate, providing good sample sizes, justifying the conclusion 

that this observation is likely to represent a pubertal reversal of age-dependent 

immunity over a period of 1 to 2 years post menarche. 

These age-related trends are consistent with existing observational and 

biological evidence of pubertal influences on malaria immunity. Increased malaria 
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transmission in the wet season was apparent in the younger participants as their risk of 

malaria parasitaemia was significantly 2.2 times increased compared to the dry season, 

yet this seasonal effect was not significant in the older adolescents. This indicates that 

immunity was better developed in the older adolescents. The multivariate regression 

analyses, which adjusted for seasonal effects, confirm that this observation was not due 

to solely to chronological age but also to the effects of gynaecological age. Changes in 

the levels of the DHEA- sulphate (DHEAS), at the onset of puberty onset and the 

velocity of these changes are highest as puberty progresses and have been positively 

associated with the pubertal levels in acquisition of malaria immunity in African non

pregnant adolescent girls (Leenstra et al. 2003). A positive correlation with malaria 

immunity acquired in puberty among African adolescent boys has also been shown in 

the same Kenyan adolescent population (Kurtis et al. 2001). A dose-dependent 

association of DHEAS with inflammatory markers related to malaria immunity has 

also been demonstrated with increased levels of DHEAS correlating with increased 

levels of the inflammatory markers IL-6 and TNF-a (Coutinho et al. 2007). The 

endocrinological correlates of the initial pubertal reversal of immunity are unclear. 

Higher DHEAS levels later in puberty would be temporarily associated with declining 

malaria prevalence in older adolescents with later acquisition of age-dependent 

immunity. An increased risk of malaria parasitaernia has been associated with higher 

blood cortisol concentrations in pregnant women (Vleugels et al. 1987; Vleugels et al. 

1989), but whether this correlation holds in non-pregnant individuals is unclear. 

Better understanding of the endocrinological mechanisms involved would 

be beneficial in modeling of malaria risk in non-pregnant female populations. This has 

relevance to the potential use of malaria vaccines which may be targeted at young non

pregnant adolescent girls prior to their first pregnancy, in order to protect them from 
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malaria risk during their subsequent initial pregnancy. It is unclear whether 

gynaecological age would modify malaria infection risk in adolescents when pregnant, 

or whether intermittent preventative therapy for pre-pregnant adolescents would reduce 

malaria-related complications in subsequent adolescent pregnancy. In the present 

survey parasite prevalence was lower than might be expected in an area considered to 

have high transmission. This may be due to more widespread use of ITNs in these 

communities as well as possible recent climatic changes. The level of the malaria 

prevalence in this study would not justify routine use of an intermittent preventive 

antimalarial treatment strategy, especially as undetected pregnancies may lead to 

inadvertent antimalarial drug exposures to the fetus in the first trimester. Much greater 

emphasis is required on improving access to and utilization of ITNs in this age group 

as in principle 100 % utilization is required in order to reduce current and early 

pregnancy parasitaemic risk. 

This cross-sectional data indicates that among adolescent females under 

conditions of high transmission, malaria infection was not infrequent during the dry as 

well as the wet season. Seasonal patterns of malaria have previously been reported in 

Kenyan school-going non-pregnant female adolescents (12 - 18 years) which ranged 

from 20.4 % during the dry season to 33.7 % during the post-rainy season (Leenstra et 

al. 2004). Other African cross-sectional studies have reported prevalence estimates 

ranging from as 8 % (Lusingu et al. 2004) during the low transmission season to as 

high as 84 % among younger adolescents of 10 to 14 years of age (Trape et al. 1987). 

In univariate analysis, symptomatic malaria was significantly higher 

among those with lower z-scores for height, which did not remain significant in 

multivariate analysis. This association with stunting indicates the importance of 
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chronic undernutrition and its link with poverty as well as poor nutrition. Poorer 

households are less likely to access health services which may be compounded by 

illiteracy, which was also associated with stunting in the multivariate analysis 

presented in Chapter four. Stunting was not associated with a positive RDT result 

which may indicate that the association with symptomatic malaria was related more to 

decreased use of health services, rather than reflecting an association with malaria 

exposure risk. 

Symptomatic malaria was present in only 3.2 % of the participants and no 

seasonal differences were observed. Symptomatic malaria was defined on the basis of 

measured fever and the presence of parasites on light microscopy using a standard 

methodology (WHO 2000) and these results reflect malaria diagnosis under field 

conditions. Light microscopy has limitations at low parasite density « 20 parasites/ IJI) 

and reduced sensitivity leading to an under-estimation of malaria infection 

(Roshanravan et al. 2003). Exposure to malaria infection as measured by RDT 

positivity was significantly higher in the wet than dry season. The higher RDT result 

reflects its assessment of period prevalence in ternlS of exposure to both current 

malaria and previous malaria infection in the last 2 to 4 weeks. RDT sensitivity was 

only 70 % indicating a proportion of false negative results, which is more likely to 

occur with low parasite densities in blood, especially below 100 parasites per ~tl blood. 

The present results showed reasonably good agreement of the RDT compared to light 

microscopy, especially at higher parasite density. Reduced RDT sensitivity may occur 

in areas of high transmission as many individuals with a good level of acquired 

immunity will have low parasite densities (Cruciani et al. 2004). Most RDT validation 

studies have been conducted in areas of low to moderate transmission where high 

sensitivies were observed, and validation studies in areas of intense transmission are 
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limited or have reported lower sensitivities (Marx 2005). Persistence of HRP-2, on 

which Paracheck is based, has been reported after day 14 in up to 10 % of patients 

after malaria therapy and this would limit distinctions between clinically important 

parasitaemia from otherwise successfully treated infections (Moody 2002; Murray 

2003). The seasonal RDT positivity pattern indicates a seasonal exposure to malaria 

infection. The RDT prevalence estimates parallel changes with microscopy prevalence, 

providing supporting evidence for the observation of an early pubertal reversal of age 

dependent malaria immunity based on parasitaemia prevalence. 

Increasing chronological age and better participant education were both 

associated with significantly reduced malaria prevalence after adjusting for the 

confounding effects of season and adolescent maturation. The age-related changes are 

best explained as due to the acquisition of age dependent immunity, which should be 

apparent in the older adolescent age group. The significant association with paternal 

education is of interest, especially as an association with maternal education or AGLIT 

attendance was not identified. One explanation is that this reflects household income 

levels related to more frequent employment of better educated fathers. Income levels 

were not assessed in the study as it was felt they would be unreliable. The high level of 

significance of the association makes it unlikely that this finding was due to chance. 

The lack of an association of malaria risk with attendance at the rural AGLIT 

programme designed to improve adolescent health literacy could be interpreted as an 

indication that this knowledge based prograrnrne failed to improve malaria preventive 

practices and reducing malaria risk. The selection of girls for the AGLIT programme 

was based on those with no previous education or literacy skills and this group might 

be considered to be at increased not decreased risk for malaria. Therefore the absence 

of increased malaria risk might be interpreted to be indicative of a beneficial effect of 
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the AGLIT programme. Further issues related to AGLIT attendance are discussed in 

Chapter eight. 

5.6 Conclusion 

The results provide some evidence for a pubertal reversal of malaria 

prevalence which could delay the onset of adult age-dependent immunity. Biomedical 

studies to explore the cause-effect relationship of pubertal changes and malaria are 

required in order to test this hypothesis of a pubertal influence on malarial immunity. 

These non-pregnant adolescent females were at not infrequent risk of malaria. 

Parasitaemia was associated with anaemia and lower paternal education, which could 

result from poor access to health services. Compromise of these girls health status 

during adolescence increases their risk of morbidity during their subsequent first 

pregnancy. The continuity of these effects could be cumulative as during the first 

pregnancy there is an additional markedly increased risk for P. Jalciparum 

parasitaemia and anaemia. 
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CHAPTER SIX 

ACCESS AND UTILISATION OF INSECTICIDE 

TREATED BEDNETS AMONG NON-PREGNANT 

ADOLESCENT FEMALES 

6.1 Introduction 

Insecticide-treated bed nets (ITNs) are highly effective in reducing malaria 

morbidity and mortality (Hill et al. 2006). A review of ITN trials among malaria 

endemic populations of all ages showed that this intervention can reduce episodes of 

uncomplicated malaria by as much as 50 % when compared to no use of nets (Lengeler 

2000; Lengeler 2004). From fourteen randomized trials which included all ages, they 

estimated 45 % (95 % CI: 20 to 63 %) protective efficacy for the occurrence of severe 

malaria, 13 % protective efficacy for parasite prevalence, and 29 % efficacy for high 

density parasitaemia. Confidence intervals for the latter estimates were not calculated 

because results included cluster and individual randomized trials. In children (from 

five randomized trials), they reported 17 % (95 % Cl: 10 to 24 %) protective efficacy 

for reduction in parasite prevalence, and significantly improved weight-for-age z

scores in Gambian and Kenyan children (Lengeler 2004; ter Kuile et al. 2003). ITNs 

also substantially reduce the number of malaria transmitting mosquitoes (Gimnig et al. 

2003). Despite their efficacy, adherence is mostly low, which relates to a number of 

environmental factors such as night temperature and mosquito presence, household 

factors such as sleeping arrangements and physical factors in the household associated 

with the hanging of lIN, for example, absence of beds and mud walls (Alaii et al. 

2003). 
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Infonnation on the use and impact of ITNs in adolescence is limited. 

Studies from western Kenya among school-going adolescents showed benefits only 

among younger adolescents less than 15 years of age but not in older adolescents. ITN 

use improved body fat composition as measured by arnl circumference but not linear 

growth (Friedman et al. 2003), reduced prevalence of all cause anaemia i.e. 

haemoglobin level <12 gldL (adjusted OR 0.38, 95 % CI: 0.21, 0.69) and improved 

mean haemoglobin concentrations by 0.34 gldL (95 % CI: 0.02, 0.66), (Leenstra ef al. 

2003). There was no associated impact on other malaria-related morbidity. 

In pregnancy, several African trials have shown that ITNs significantly 

improved pregnancy outcome: with reduced placental malaria across all parities, and 

reduced low birth weight, fetal loss, maternal anaemia and clinical malaria prevalence 

(Gamble ef al. 2006). One in six of these pregnant women are adolescent. In Malawi, 

although pregnant adolescents have a higher risk of malaria infection and poorer 

pregnancy outcomes (Brabin 1983; Brabin ef al. 1998), their access to and use of ITNs 

in the Shire valley has been shown to be limited compared to pregnant adults 

(Msyamboza ef al. 2008). 

6.2 Objective 

To measure the detenninants of access and use of ITNs for malaria 

prevention in non-pregnant adolescents during the dry and wet seasons and the effects 

of reported ITN availability, access and use on malaria, anaemia and nutritional status. 

6.3 Statistical analysis 

Data was analysed in Stata 8.0 (Stata Corporation 2003) and SPSS 15.0 

(LEAD Technologies Inc. 2006). Univariate and multivariate analyses were completed 
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to identify and quantify factors associated with ITN availability, access and use, 

modeled under the binomial distribution. Results reported were not adjusted for season 

because season is one of the known associated factors influencing ITN use in other 

African studies and therefore required exploration in these analyses. However, season 

adjusted results are presented alongside in univariate analyses for information in order 

to show that indeed most of the co-variates were not influenced by season, except in 

the case of AGLIT attendance where season adjusted results may be applicable. 

Factors for inclusion in the multivariate regression analysis were selected if achieving 

a p-value of 0.2 in the univariate analysis. Statistical significance was considered at a 

p-value < 0.05. 

6.4 Results 

6.4.1 Seasonal patterns of ITN availability, access and use. 

Most participants came from households that owned at least one ITN: 77.1 

% and 82.9 % in dry and wet seasons respectively, p = 0.010 (Table 6.1). 

Correspondingly, the mean number of ITNs per household was lower in the dry than 

wet season in these households anlong all participants (p = 0.020). This seasonal 

improvement did not translate into better access of ITNs in the adolescents as the 

proportion of participants with access to an ITN was not high and was comparable in 

the two seasons (45.2 % in dry and 47.6 % in the wet season). Equally, the mean 

number of ITNs in households where the participant reported having access to an ITN 

did not show any seasonal variation (p= 0.281). 

Among the participants with access to an ITN, the use of ITNs in the 

previous night to survey day or by the estimated number of nights of use per week was 

significantly lower in the dry than the wet season. These two measures of ITN use are 
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estimating different aspects of ITN utilization: the former reflects community coverage 

while the latter reflects community as well as time coverage. Participants attributed hot 

weather and reduced mosquito nuisance as the reason for their reduced ITN use during 

the dry season. 

Table 6.1: Seasonal patterns of reported ITN availability, access and use in non-
pregnant adolescents by season of survey 

Variable N 
Dry season N n =477 

ITN availability 

No.(%) households with ITN(s) 458 353 (77.1) 782 

Mean (sd) ITNs in household 458 1.6 (1.3) 782 

Mean (sd) ITNs in household* 207 2.4 (1.1) 372 

ITN access 
No. (%) participants accessed ITN 458 207 (45.2) 782 

[TN use* 
No. (%) used ITN previous night 207 132 (63.8) 372 

Mean (sd) nights/week using ITN 207 2.6 (1.9) 372 
+ Adjusted for clustering; * among participants who had access to an ITN. 

Wet season 
n =786 

648 (82.9) 

1.7 (1.2) 

2.5 (1.0) 

372 (47.6) 

328 (88.2) 

4.9 (2.2) 

p-valuet 

0.010 

0.020 

0.281 

0.439 

<0.001 

<0.0001 

Patterns of ITN access and use by age are shown in Figure 6.1. ITN access 

increased with increasing chronological and gynaecological age in both seasons. 

Group specific sample sizes were adequate (i.e. 2:: 25) except for the 16 year 

chronological age group in dry season (n = 17) and gynaecological age 5 in dry season 

(n = 9). The reported ITN use during the previous night varied randomly both by 

chronological and gynaecological age in the dry season, with less variation and better 

use in the wet season. Seasonal variability in the estimated number of nights per week 

using an ITN was apparent by chronological and gynaecological ages. 
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Figure: 6. 1: ITN access and use in non-pregnant adolescent girls by chronological and gynaecological age, by season of survey 
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* Reported ITN use during the night prior to survey date. 
Denominator for ITN access is all respond ing participants (n = 1240) and participants with ITN access is denominator for ITN use and nights! week (n = 579) 
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Use of other mosquito cOlltrol measures 

The use of traditional methods wa common among participants coming 

from households with ITNs (n = 1001) as an additional mosquito control mea ure (52 

%) and these included burning of cow dung or branches and leave of the em tree 

(Azadirachta indica). Other common preventive measures included the us of coils (15 

%), sprays (2 %) and body repellents «1 %). 

6.4.2 Knowledge of sources and cost of ITNs 

Half of the adolescents from households with at least one ITN did not 

know from where their household ITNs were procured (Figure 6.2). Of tho that 

knew, the majority of IT s were purcha ed from health facilities with a small number 

from shops; few ITNS were donations from either AOLIT or other non-governmental 

organizations (NOOs). Health surveillance assistant, antenatal and under-five clinics 

acted as the health facility outlets. 

Figure 6.2: Sources of IT s reported by non-pregnant adolescent femal 

3% 

n = 1001 

. AGLlTjNGO 

• Health 
facility 

. Shop 

• Unknown 

Mo t adolescents knew the cost of ITNs and the majority of purchases 

corre ponded to the ub idized cost of 50 Malawi Kwacha (K), which was equivalent 

to about 0.30 US dollar. The cost of re-treatment was usually free as provided by th 

communit -based health worker (health surv illance assistants), or alt rnativel at a 

cost of30 to 50 Kwacha (Figure 6.3). 
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Figure 6.3: Knowledge of ITN and re-treatment costs in non-pregnant adolescent 
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6.4.3 Factors associated with ITN availability 
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In univariate logistic regression analysis, household availability of ITNs 

was significantly associated with season (PRR 1.47, 95 % Cl: 1.11, 1.96, p = 0.008) 

and paternal education (PRR 1.06, 95 % CI : 1.00, 1.12 p = 0.049). These factor 

remained significantly associated in multivariate analysi : sea on (PRR 1.55; 95 % I: 

1.04, 2.31, p = 0.032) and paternal education (PRR 1.06; 95 % CI: 1.00, 1.12 p = 

0.041). 

6.4.4 Factors as ociated with ITN access 

Increasing chronological age or gynaecological age, b tter participant or 

maternal education, better literacy level higher Tamler brea t tage, higher BMI z-

score, marital status and menarche status were significantly associated with ITN acces 

in univariate analysis (Table 6.2). The e variables together with paternal education and 

AGLIT attendance were entered for multivariate analysis as they atisfied the criteria 

ofp < 0.2. 
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Table 6.2: Univariate analysis of factors associated with ITN access in non-pregnant 
adolescents 

ITN use 

co-variate Yes No Season Unadjusted Season adjusted 

Mean (sd) Mean (sd) PRR (95% CI) p-value+ PRR (95% CI) p-value+ 

Chronological age, yrs 13.6 (3.0) 12.3 (2.2) 1.20 (1.14,1.27) < 0.001 1.21 (1.15, 1.27) < 0.001 

Gynaecological age,yrs 0.9 (1.6) 0.3 (0.9) 1.53 (1.35,1.74) < 0.001 1.53 (1.35,1.74) < 0.001 

Education, yrs 4.0 (2.3) 3.2 (1.9) 1.20 (1.13, 1.28) < 0.001 1.20 (1.13,1.28) < 0.001 

Maternal education, yrs 5.2 (3.3) 4.4 (3.6) 1.07 (1.02,1.12) 0.008 1.07 (1.02,1.12) 0.009 

Paternal education, yrs 7.6 (3.1) 7.3 (3.3) 1.04 (0.99, 1.09) 0.131 1.04 (0.99, 1.09) 0.150 

Tanner breast stage 2.7 (1.6) 1.9 (1.3) 1.41 (1.27, 1.55) < 0.001 1.41 (1.28, 1.56) < 0.001 

Literacy score 8.2 (5.2) 6.7 (5.4) 1.05 (1.03,1.08) < 0.001 1.06 (1.03, 1.08) < 0.001 

HAl 0.8 (1.1) -0.8 (1.3) 0.99 (0.88, 1.11) 0.847 0.97 (0.86, 1.10) 0.681 

WAl -1.3 (0.7) -1.3 (0.8) 1.07 (0.88, 1.30) 0.502 1.07 (0.88, 1.30) 0.503 

BMll -1.2 (1.1) -1.4 (1.3) 1.16 (1.04,1.29) 0.007 1.16 (1.04,1.29) 0.006 

Number (%) 

Season: Dry 207/458 (45.2) 1.00 0.588 nla 
Wet 372/782 (47.6) 0.93 (0.71,1.21) 

Attended AGLlT: No 547/957 (57.2) 1.00 0.131 1.00 0.140 
Yes 29/42 (69.1} 1.67 (0.86, 3.26} 1.66 (0.85, 3.23} 

Unmarried: No 92/107 (86.0) 1.00 < 0.001 1.00 < 0.001 
Yes 484/892 (54.3} 0.19 (0.11, 0.34) 0.19 (0.11, 0.34} 

Pre menarche 361/864 (41.8) 1.00 < 0.001 1.00 < 0.001 

postmenarche 232/391 (59.3} 2.63 (1.94, 3.55} 2.62 (1.94, 3.54} 

Illiterate 166/334 (49.7) 1.00 1.00 

Semi-literate 43/98 (43.9) 0.79 (0.50, 1.24) 0.311 0.79 (0.50, 1.24) 0.311 

Literate 360 1553 (65.1) 1.89 (1.43, 1.24) < 0.001 1.89 (1.43, 2.49} < 0.001 

Low MUAC-F-Age: No 166/291 (57.0) 1.00 0.824 1.00 
Yes 392/678 ~57.8~ 1.03 ~0.78 , 1.36~ 1.03 ~0.7, 1.36~ 0.845 

+ Adjusted for clustering; HAl - height-for-age z-score; WAl - weight for-age z-score- ; BMIZ - body 
mass index for-age z-score; AGLIT - adolescent girls literacy programme; MUAC - mid-upper arm 
circumference 

Marital status, menarche status, maternal education and literacy level were 

significantly associated with IlN access in multivariate analysis (Table 6.3). These 

results show that being unmarried compared to being married was associated with a 73 

% reduced chance of accessing an ITN, adjusted for the other three co-variates in the 

model (i.e. menarche status, maternal education and literacy level). Post-menarcheal 

participants were twice as likely to access an ITN compared to premenarcheal 

participants when adjusted for marital status, maternal education and literacy level. For 

123 



each year improvement in maternal education, there was a 6 % increased chance of 

ITN access when adjusted for marital status, menarche status and literacy level. Being 

literate compared to illiterate or semi-literate improved ITN access by 65 %, adjusted 

for marital status, maternal education and menarche status. 

Table 6.3: Multivariate analysis of factors associated with ITN access in non
pregnant adolescents 

Characteristic PRR (95% CI) p-valuet 

Married 1.00 
Unmarried 0.27 (0.10, 0.73) 0.012 
Premenarche 1.00 
Postmenarche 2.01 (1.28,3.17) 0.002 
Maternal education, years 1.06 (1.01,1.12) 0.016 

Illiterate 1.00 
Semi-literate 1.05 (0.57, 1.93) 0.882 
Literate 1.65 (1.12, 2.43) 0.011 
t Adjusted for clustering effects 

6.4.5 Factors associated with ITN use 

ITN use was based on use during the night prior to survey. Increasing 

chronological age or gynaecological age, better participant or maternal education, 

better literacy level, higher Tanner breast stage, higher BMI z-score, season, marital 

status, AGLIT attendance and menarche status were significantly associated with ITN 

access in univariate analysis (Table 6.4). These variables together with paternal 

education were entered for multivariate analysis as they satisfied the criteria of p < 0.2. 
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Table 6.4: Univariate analysis of factors associated with ITN use in non-pregnant 
adolescents 

ITN use * 

co-variate Yes No Season Unadjusted Season adjusted 

Mean (sd) Mean (sd) PRR (95% CI) p-value~ PRR (95% CI) p-value~ 

Chronological age, yrs 13.8 (3.0) 12.5 (2.3) 1.20 (1.14, 1.26) <0.001 1.20 (1.15,1.26) <0.001 

Gynaecological age,yrs 1.0(1.6) 0.4 (1.0) 1.46 (1.30, 1.62) <0.001 1.47 (1.32,1.64) <0.001 

Education, yrs 4.0 (2.3) 3.4 (2.0) 1.13 (1.06,1.20) <0.001 1.15 (1.08,1.21) <0.001 

Maternal education, yrs 5.4 (3.2) 4.4 (3.5) 1.09 (1.04 ,1.14) 0.001 1.09 (1.04 ,1.15) 0.001 

Paternal education, yrs 7.7 (3.1) 7.4 (3.3) 1.04 (0.99, 1.09) 0.141 1.04 (0.99, 1.09) 0.133 

Tanner breast stage 2.7(1.6) 2.0 (1.4) 1.31 (1.20, 1.44) <0.001 1.34 (1.22, 1.47) <0.001 

Literacy score 8.1 (5.3) 7.1 (5.4) 1.04 (1.01, 1.06) 0.002 1.04 (1.02, 1.07) <0.001 

HAZ -0.8 (1.1) -0.7 (1.3) 0.95 (0.84, 1.07) 0.391 0.96 (0.85, 1.08) 0.468 

WAZ -1.3 (0.7) -1.3 (0.8) 0.95 (0.79, 1.26) 0.629 0.98 (0.81,1.20) 0.629 

BMIZ -1.1 (1.1) -1.4 (1.3) 1.20 (1.07,1.34) 0.002 1.19 (1.07,1.34) 0.002 

Number(%) 

Season: Dry 1321 207 (63.8) 1.00 <0.001 nla 
Wet 328/372 {88.2} 1.66 (1.28, 2.17) 

Attended AGLlT: No 439/951 (46.2) 1.00 0.089 1.00 
Yes 24/40 {60.0} 1.75 {0.92, 3.33} 1.92 {1.00, 3.69} 0.050 

Unmarried: No 381/884 (43.1) 1.00 <0.001 1.00 
<0.001 

Yes 82/107 {76.6} 0.23 {0.14, 0.37} 0.22 {0.14, 0.35} 

Pre menarche 109/523 (20.8) 1.00 <0.001 1.00 
postmenarche 173/456 {37.9} 2.32 {1.75, l08} 2.40 (1.81, 3.21} <0.001 

Illiterate 137/332 (41.3) 1.00 1.00 
Semi-literate 37/98 (37.8) 0.86 (0.54, 1.37) 0.534 0.85 (0.54, 1.36) 0.510 
Literate 285/548 {52.0} 1.54 (1.17, 2.03} 0.002 1.65 p.25, 2.18} <0.001 

Low MUAC-F-Age: No 134/287 (46.7) 1.00 0.892 1.00 
Yes 311/674 ~46.1~ 0.98 ~0.7 4, 1.29~ 1.00 ~0.75, 1.32~ 0.988 

* Among those who had access to an ITN; i adjusted for clustering; HAZ - height-for-age z-score; 
WAZ - weight for-age z-score- ; BMIZ - body mass index for-age z-score; MUAC - mid-upper arm 
circumference; AGLIT - adolescent girls literacy programme 

In multivariate analysis, season, gynaecological age and participant 

education were the most significant predictors of ITN use, each adjusted for the other 

co-variates in the model (Table 6.5). 
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Table 6.5: Multivariate analysis of factors associated with ITN use in non-pregnant 
adolescents 

Characteristic PRR (95% CI) p-valuet 

Dry season 1.00 
< 0.001 Wet season 2.04 (1.58, 2.63) 

Gynaecological age, yrs 1.29 (1.19,1.41) < 0.001 

Participant education, years 1.12 (1.06,1.18) < 0.001 

6.4.6 Relationship of malaria with ITN availability, access and use 

The presence of parasites showed some reduction with ITN availability, 

but these results were not significant (PRR 0.76,95 % CI 0.41, 1.41) (Table 6.6). No 

significant associations were observed with the other malariometric variables either. 

Modeling ITN availability as number of ITNs in the household did not change the 

results. ITN access showed no significant associations with malaria parasitaemia or 

any of the other malariometric variables. ITN use compared to non-use, as measured 

by use during the previous night, was associated with reduced tympanic temperature (p 

< 0.003), higher haemoglobin (p=0.046) and reduced anaemia status (0.012) (Table 

6.6). 
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Table 6.6: Univariate analysis of adolescent ITN availability, access and use with malaria parasites and other malariometric measures 

Outcome variable ITN availability No of ITNs in household ITN access ITN use 

PRR (95% CI) p-value PRR (95% CI) p-value PRR (95% CI) p-value PRR (95% CI) p-value 

No malaria parasites· 1.00 
0.391 

1.00 
0.886 

1.00 
0.795 1.00 0.236 Malaria parasitaemia 0.76 (0.41,1.41) 0.98 (0.71, 1.34) 0.93 (0.55, 1.57) 2.09 (0.62, 7.06) 

Parasite count per \.lIt 0.85 (0.57, 1.27) 0.427 1.01 (0.82, 1.24) 0.932 1.06 (0.75, 1.49) 0.741 1.29 (0.66, 2.55) 0.457 

Paracheck negative 1.00 
0.234 

1.00 
0.084 

1.00 
0.183 1.00 0.656 Paracheck positive 0.80 (0.55,1.15) 0.85 (0.71,1.02) 0.81 (0.60, 1.1 0) 0.79 (0.58, 1.08) 

Symp malaria:No 1.00 0.880 1.00 0.956 
1.00 0.508 1.00 0.466 

Yes 0.94 (0.43, 2.07) 0.99 (0.67, 1.46) 1.24 (0.66, 2.33) 1.36 (0.72, 2.56) 

Body temperature OCt 0.83 (0.56, 1.23) 0.356 0.92 (0.76,1.10) 0.354 0.89 (0.66, 1.22) 0.478 0.68 (0.49, 0.93) 0.003 

Temperature < 37.5°C 1.00 0.922 
1.00 0.445 

1.00 0.840 1.00 
0.101 

Temperature ~ 37.5°C 1.02 (0.73, 1.42) 1.06 (0.91, 1.25) 1.03 (0.79, 1.33) 0.88 (0.67, 1.15) 

Haemoglobin g/dl 1.01 (0.93, 1.10) 0.805 1.01 (0.97, 1.05) 0.533 1.00 (0.93,1.07) 0.936 1.54 (1.01, 2.34) 0.046 

Hb < 12 gfdl: No 1.00 0.692 
1.00 0.983 

1.00 
0.922 1.00 

0.012 
Yes 1.06 (0.78, 1.45) 1.00 (0.86, 1.16) 0.99 (0.77, 1.26) 0.53 (0.32, 0.87) 

p- values are adjusted for clustering, * by malaria light microscopy; symp malaria - malaria parasites with tympanic temperature ~ 37SC; 
tAn ITN being available in the household compared to no ITN in household was associated with a ([1-PRR]*100) % reduction in the outcome variable measure as a continuous 
variable. 
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6.5 Discussion 

The purpose of this analysis was to measure access and use of ITNs by 

non-pregnant adolescent females and their determinants as well as their effects on 

malariometric measures. The administered questions on ITNs were based on reported 

measures. Their reliability was not validated and mis-classification errors could occur 

and no direct observations of ITN use were made. Evidence from these surveys 

indicates that efforts to make ITNs more widely available in households are working; 

household lIN availability was more than 75 % in each season of survey. This is also 

supported by the fact that many households had several bed nets. Availability of at 

least one ITN in households was high at the times of both surveys and increased 

significantly during the wet season. Season remained significant in multivariate 

analysis of lIN availability. Paternal education was also a significant determinant of 

ITN availability, which could reflect better family wealth and awareness. The majority 

of ITNs were acquired from health facilities at a subsidized cost, through antenatal 

clinics, under five children's clinics, or from health surveillance assistants (HSAs). 

These routes of access reflect existing lIN implementation strategies for the district. 

The HSAs also provided a community re-treatment service at no cost, or individuals 

could purchase re-treatment packs from retailers. 

ITN access was comparable in the two seasons (46 % overall) and this 

varied with chronological age and maturity; ITN access was lower in early to mid

adolescence. Being married, post-menarcheal, higher maternal education and better 

literacy were significantly associated with ITN access in multivariate analysis. Being 

unmarried was associated with a 73 % reduced chance of accessing an ITN and being 

post-menarcheal was associated with two times increased likelihood of ITN access. 
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ITNs may be prioritized for specific age groups, for example, in younger 

adolescents because of their higher malaria risk associated with developing malarial 

immunity and the increased pubertal reversal of immunity, and in older married 

adolescents because of their higher risk of malaria during pregnancy. The association 

with body mass index z-scores shown in univariate analysis probably relates to 

younger age rather than better nutrition, as discussed in Chapter 4. Access was better in 

households with at least two ITNs probably reflecting simple numerical availability. 

Previous studies from male and female adolescents in peri-urban Malawi reported 36 

% access and showed an inverse relationship with age, with decreasing use in older 

adolescents (Muula & Misiri 2004). Low ITN access among rural school-going 

children who included adolescents has been reported from Tanzania (Edson & 

Kayombo 2007). Socio-economic factors such as wealth, access to health care and 

education also have been shown to be important predictors of ITN possession (Binka 

& Akweongo 2006; Winch et af. 1997). 

Reported ITN use during the previous night is a population coverage 

measure while the estimated nights of ITN use per week reflects a measure of 

community coverage with a time dimension. The former is dependent on the previous 

night's temperatures while the later tries to estimate average use with consideration 

that temperatures are likely to fluctuate during the week. Of course, week by week 

temperatures are likely to vary, but the weekly estimate was meant to minimize biases 

towards most recent behavior. The general promotion message for ITN use advocates 

use every night. With an estimate of only 64 % use in the previous night in the dry 

season, for exanlple, it is of interest why the remaining 36 % did not use their ITN. It is 

not known if those who used their ITNs the previous night are the sanle as those who 

use them every night or whether the 36 % non-users are persistent non-users. The 
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proportion using ITN s in anyone night relates to community coverage and not just 

individual compliance, whereas estimating the number of nights of use per week 

provides a better assessment of variance in nightly use. This reflects not just 

community coverage but also personal protection for the individual concerned and 

hence is relevant for improving programming from the perspective of strategy 

development. Nonetheless, both measures are prone to report bias and are likely to be 

correlated to recent night-time temperatures. 

Season, gynaecological age and participant education were the major 

determinants of ITN use in multivariate analysis. Participants were twice as likely to 

sleep under an ITN in the wet as dry season. Changing patterns of seasonal ITN use 

have been observed and difficulties in encouraging community-sustainable approaches 

to improve ITN use and coverage throughout the year remain a challenge (Winch ef at. 

1997). A review of several National Surveys has shown disparity between availability 

and consistent use of ITNs, and seasonal variation was partially attributed to this 

observation (Korenromp ef al. 2003). While challenges to availability could be 

eventually overcome by strategies based on large-scale distribution eff0l1s, issues 

related to use may still remain depending on household and individual factors affecting 

adherence. Increasing maturity by gynaecological age influenced behavior for ITN use, 

possibly due to better awareness because of life experiences. The significant 

association with paternal education could be a reflection of better wealth and 

awareness. Additional uses of traditional methods of mosquito bite prevention were 

also common. This indicates that a comprehensive approach to prevention should be 

emphasized and that communities should be receptive to broad based strategies 

without sole emphasis on ITNs as the effective intervention. 
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The influence of ITNs on reducing malaria parasite prevalence was not 

significantly associated with either availability of ITNs in the household or their 

access. ITN use during the previous night was significantly associated with reduced 

tympanic temperature and improved haemoglobin concentration. This could reflect the 

spatial influence of the increased number of ITNs on mosquito survival and the sum 

repellent effect of a greater density of ITN s leading to reduced overall risk of infection 

over several months. Other studies have reported no significant association between 

presence or use of bed nets and malaria parasitaemia prevalence (Appleyard et al. 

2008; Leenstra et al. 2003a). The cross-sectional nature of the data in the present study 

limits its interpretation in comparison to results from randomized trials of ITN use 

which have reported more significant beneficial associations. Nevertheless, the cross

sectional survey identified benefits which could reflect chronic exposure to ITNs even 

though differences in current parasitaemia were not related to use. 

A scale-up of ITN use is taking place across African countries (Roll Back 

Malaria Partnership 2005) . Scaling up coverage to at least 80 % ITN use by young 

children and pregnant women by 2010 is the consensus target of the Millennium 

Development Goals and REM Partnership and 100 % use is the optimal target 

(Millennium Project 2005). It has been suggested that communal benefits can make 

large impacts on malaria disease burden only if appreciable levels of coverage arc 

achieved in the population as a whole. but precise coverage targets for achieving this 

remain to be determined (Hawley et (//. 2003; Killeen & Smith 2006; Le Menach et al. 

2007). Using field-parameterized kinetic models of mosquito host availability, it has 

been shown that if the majority of people living in malaria-endemic Africa regularly 

used existing ITN technologies. non-users would receive communal protection 

(Killeen ef (//. 2007). This would mean that ITN users (e.g. the targeted vulnerable 
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groups of children and pregnant women) would gain a multiplicative combined effect 

on exposure of both personal and communal benefits. The improvements III 

haemoglobin and reduction in anaemia in these adolescents in Malawi could he 

biomarkers of these effects. 

Should malaria prevention and intervention programs target adolescents or 

advocate ITNs as part of adolescent health friendly services? ITNs can protect not only 

the individuals and households that use them. but also members of the surrounding 

community (Binka et (If. 1998: Gimnig et al. 2003a; lIii e/ (II. 2001: Howard (;'/ 01. 

2000; Maxwell et (If. 1999). Adolescent involvement in health-related issues in the 

household may not be uniform and could vary with cultural perceptions of maturity. 

Nonetheless, availability of more ITNs in households corresponded with better access 

for adolescents. The increased malaria prevalence with increased risk following 

menarche identified in this study, and the beneficial effects shown for ITN use support 

the promotion of increased coverage for this risk group. Improved access to preventive 

measures among adolescents could therefore potentially reduce the prevalence of 

parasitaemia, with consequent reduction of the risk for developing malaria-related 

anaemia in pregnancy as adolescents enter their first pregnancy. 

The correlation with education and literacy also highlight the importance 

of improved health education and awareness. This aspect of health care delivery is 

considered further in Chapter eight. 

6.6 Conclusion 

ITNs were accessible to at least half of the adolescent females in this 

study, although this group was not prioritized for distribution within their 
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communities, which had high IlN coverage. Their utilization was low and highly 

dependent on seasonal factors. Access and use ofllNs did not translate into significant 

improvements in current malaria prevalence indicating more frequent adherence and 

coverage was required, although anaemia was reduced suggesting the influence of a 

chronic effect. While prioritizing personal protection for the most vulnerable groups, 

targeting other vulnerable groups such as adolescents before they become pregnant 

would enhance equitable malaria prevention as well as improving community-wide 

protection. This could be of particular impo11ance as these young womcn enter their 

first pregnancy-
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CHAPTER SEVEN 

MALARIA SELF-TREATMENT AMONG 

ADOLESCENT FEMALES 

7.1 Introduction 

Self-treatment, that is, any treatment that does not involve consulting a 

health care provider or traditional healers may be used by girls and women following 

self-diagnosis for malaria (Espino et al. 2000; Nyamongo 2002) or due to lack of 

access to health facilities (Hotchkiss & Gordillo 1999; Mugisha et al. 2002). 

Adolescent girls may 'seek malaria treatment on the basis of symptoms they experience 

in early pregnancy, which mayor may not relate to malaria infection (Mbonye 2003). 

This inadvertent and unnecessary exposure to antimalarial drugs is a potential hazard 

in the first trimester of pregnancy. For example, uncertainty still remains over the 

neurotoxicity of artemisinin, currently recommended for antimalarial combination 

therapy (ACTs) (Toovey 2006b). 

The risks of inadvertent and unnecessary exposures to antimalarial drugs 

in early human pregnancy are little studied because pregnant women are systematically 

excluded from clinical trials. However, there are concerns that unnecessary fetal 

exposures can occur with a drug known to be teratogenic in animal experiments 

(Nosten et al. 2006). Antimalarial drugs that are currently used in pregnancy include 

chloroquine, amodiaquine, quinine, azithromycin, sulphadoxine-pyrimethamine, 

mefloquine, artemisinin derivatives, atovaquone-proguanil and lumefantrine (Nos ten et 

al. 2006). Halofantrine, tetracycline, doxycycline and primaquine should not be used in 

pregnancy due to their known fetal toxicity (Nosten et al. 2006) and there are concerns 
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about chlorproguanil dapsone because of the safety of dapsone In women with 

glucose-6-phosphate dehydrogenase deficiency (Brabin et al. 2004). 

In a recent review on the safety of antimalarial drugs in pregnancy, Nosten 

and others (2006) underscore the absence of adequate safety data, especially in the first 

trimester. For example, although chloroquine has been a drug of choice for treating 

malaria in pregnancy for decades, studies on its efficacy and tolerability have been 

limited. Animal studies have shown evidence of in utero effects on rat lungs and 

neurons (Okanlawon et al. 1993); as well as a risk of accumulation in eye and ear 

tissues at high doses. It has been implicated in fetal toxicity in some earlier studies. 

Safety evidence for sulphadoxine-pyrimethamine, which is widely used in pregnancy, 

is limited. Animal studies in rats have shown a causal association with cleft palate at 

high doses and increased embryotoxicity when used with folic acid (Chung et al. 

1993). Conversely, in humans, it has not been associated with apparent toxicity except 

in one study which reported an association with cleft palate. It has been used in the 

first trimester with no reported associated toxicity. Quinine, the oldest dmg used in 

malaria treatment, remains widely used. It is considered safe during pregnancy 

although evidence is limited. From animal studies, its teratogenic effects on the 

nervous system have been reported although some studies have not observed this 

finding. In humans, it is considered safe at treatment doses, with hypoglycaemia, 

auditory nerve damage and possibly optic nerve damage as side effects. It is a known 

arbotifacient at higher doses. 

Safety data for ACT use in pregnancy is limited and these drugs are not 

recommended in the first trimester of pregnancy unless no other dmgs are available 

(e.g. for rescue therapy with quinine failure) in multi-drug resistant malaria infections. 
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They can be used during the second and third trimesters of pregnancy (World Health 

Organization 2003). Animal studies have shown that artemisinins are toxic (Boareto ef 

al. 2008; Clark et al. 2004; Toovey 2006a; Toovey 2006b). Extrapolating results from 

animal studies to pregnant women remains difficult due to an inadequate 

understanding of the mechanisms of toxicity in animal studies (Gordi & Lepist 2004; 

Longo et al. 2006). Animal studies into less toxic artemisinins for use during 

pregnancy, such as artemisone could be promising (D'Alessandro ef al. 2007). A recent 

review on the relationship between artemisinin compounds and adverse pregnancy 

outcomes suggested that artemisinins were effective and unlikely to be the cause of 

fetal loss or abnormalities when used in late pregnancy (Dellicour ef al. 2007). 

However, due to limited data, none of the studies had adequate power to mle out rare 

serious adverse events, even in second and third trimesters. Larger studies and post

marketing pharmacovigilance studies would provide better infomlation. A recent 

retrospective analysis of 50 Karen pregnant women with recurrent P. Jalciparum 

infections (62 malaria episodes) who were treated withdihydroartemisinin piperaquine 

between June 2006 and January 2007, showed the dmg was well tolerated and no 

adverse events were recorded (Rijken et al. 2008). The gestational ages of these 

women ranged from 9.2 to 39.1 weeks, mean 23.7 ± 8.2 weeks and 26.0 % were 

primigravidae. 

Little is known on how adolescents respond to perceived malaria illness. 

Knowledge on their use of antimalarial drugs, in particular self-treatment, during the 

first trimester of pregnancy is required in order to develop a clearer malaria treatment 

strategy for non-pregnant adolescents, especially for those potentially at risk of 

inadvertent and possibly unnecessary drug exposures early in pregnancy, in particular 

to artemisinin drugs. 
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7.2 Objective 

To assess antimalarial and other drug self-treatment rates for presumed 

malaria infections in non-pregnant and pregnant adolescent females. 

7.3 Statistical analysis 

Data was analyzed in Stata 8.0 and SPSS 15.0. Malaria self-treatment was 

defined as administration of drugs at home without seeking formal health care. Factors 

associated with self-treatment were assessed. Univariate and multivariate analyses 

were completed to identify and quantify factors associated with self-treatment. 

Variables for inclusion in the multivariate regression analysis were identified using p < 

0.2. Statistical significance was considered at p< 0.05. 

7.4 Results 

Results are presented for non-pregnant adolescents in section 7.4.1, 

pregnant adolescents in section 7.4.2 and comparisons made between these two groups 

in section 7.4.3. 

7.4.1 Seasonal patterns of treatment choices in non-pregnant adolescent 
females 

A total of 276 participants had a temperature above 37.5 °C (21.5 %) and 

this percentage was greater in the wet season (23.5 %) than in the dry season (18.2 %) 

(p = 0.027). Of these, 238 also reported a history of fever within 3 days prior to the 

survey. In addition, many participants for both seasons commonly complained of 

headaches (31 %), rna/ungo (56%) and less frequently, abdominal pains with or without 

diarrhea (7%), respiratory symptoms (5%) or eye symptoms (1 %). Malungo means 

unspecified symptoms of rigors, loss of appetite, tiredness or general weakness which 

137 



could be synonymous with a malaria illness and is u ually attributed to malaria by 

villagers. Fever alone or in the presence of its related symptom was also perceived to 

be a malaria related illness. Season-specific frequencies of symptom in febrile 

participants are presented in Figure 7.1. 

Figure 7.1: Fever-related symptoms in non-pregnant adolescent girl s 
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Treatment choices for perceived malaria illnesses in th se non-pregnant 

adolescents are ummarized in Table 7.l. Approximately 25 % were verifi d by health 

passports. 
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Table 7.1: Treatment choices and drugs used in non-pregnant adolescent females, by 
season of survey 

Variable 
All Dry season Wet season 

p-value {n = 1263~ {n = 477~ {n = 786~ 

Response to illness: 

Any form of treatment 171 (13.5) 61(12.8) 110 (14.0) 
0.769 

No treatment 67 (5.3) 24 (5.0) 43 (5.5) 

Not applicable1l 1025 (81.2) 392 (82.2) 633 (80.5) 

Treatment choices: 

Treated at health facility 17 (1.4) 7 (1.5) 10 (1.3) 

Self-treated with any drug 143 (11.3) 50 (10.5) 93 (11.8) 
0.418 

Self-treated with anti-malarial 30 (2.4) 16 (3.4) 14(1.8) 

Sought traditional healer 3 (0.2) 1 (0.2) 2 (0.3) 

Missing Not applicable b. 1070 (84.7) 403 (84.5) 667 (84.9) 

Drug sources for self-treatment t n= 143 n= 50 n = 93 

Health facility t 8 (5.6) 5 (10.0) 3 (3.2) 

Village grocer 124 (86.7) 43 (86.0) 81 (87.1) 0.263 

Vendor 9 (6.3) 2 (4.0) 7 (7.4) 

Family! friends 2(1.4) 0(0.0) 2 (2.1) 

Drugs used~ n = 201 n = 66 n = 135 

Aspirin 80 (39.8) 22 (33.3) 58 (43.0) 

Paracetamol 83 (41.3) 26 (39.4) 57 (42.2) 

SP 28(13.9) 15 (22.7) 13 (9.6) 
0.146 

Quinine 2 (1.0) 1 (1.5) 1 (0.7) 

Halofantrine 1 (0.5) 0(0.0) 1 (0.7) 

ACT 0(0.0) 0(0.0) 0(0.0) 

Co-trimoxazole 7 (3.5) 2 (3.0) 5 (3.7) 

Values are number (percentage); SP - Sulphadoxine-pyrimethamine; ACT - artemisinin based 
compound; SP - Sulphadoxine-pyrimethamine. 
~ Not applicable because they did not have a reason for seeking care 
t Sample size includes only those who self-treated with any drug 
t Drugs prescribed and acquired from a health facility previously but not for index illness 
P Sample n = total number of drug uses reported 

Up to 13.5 % had taken some form of treatment, 11.3 % self-treated with 

drugs while at home, 1.4 % consulted a health facility and 0.2 % consulted a traditional 

healer; these patterns showed no seasonal variation. Self-treatment with an 
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antimalarial drug was 3.4 % in the dry and 1.8 % in the wet season. Drugs for self

treatment were mostly from local village grocers (86.7 %) and smaller numbers from 

vendors (mobile sellers of various items) (6.3 %), health facilities (5.6 %) or friends or 

family (1.4%). 

Aspirin and paracetamol were the commonly used anti-pyretics. 

Sulphadoxine-pyrimethamine, which was the recommended first line antimalarial dmg 

during the study period, was the predominant antimalarial dmg used (13.9 %) with use 

higher in dry than the wet season. Artemisinin-based compounds were not used by any 

participants for self-treatment. 

7.4.2 Seasonal patterns of treatment choices in pregnant adolescent females 

Information on malaria treatment was available for 31 out of the 34 

pregnant adolescents who attended the surveys and their characteristics are 

summarized in Table 7.2. Mean age was 18.1 (±1.3) years, gynaecological age 3.5 

(±1.2) years, number of education years 3.7 (±1.2) and 80.7 % of participants were 

married. These parameters were comparable between the pregnant participants 

enrolled in both seasonal surveys. Fever prevalence was 25.8 % with no seasonal 

difference. Fourteen were primigravida and seventeen were secundigravida and only 3 

(9.7 %) had attended antenatal care. Nine were surveyed while in their first trimester. 
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Table 7.2: Summary characteristics of pregnant adolescents 

Variable 
All Dry season Wet season p-value* n = 31 n = 17 n = 14 

Age, years a 18.1 (1.3) 18.2 (1.0) 17.9 (1.7) 0.598 

Gynaecological age, years a 3.5 (1.4) 3.7(1.2) 3.4 (1.6) 0.502 

Education - years of schooling a 3.7 (2.9) 3.9 (3.3) 3.4 (2.4) 0.661 

Literacy score a 8.0 (5.5) 9.5 (4.8) 6.5 (5.9) 0.154 

Attended AGLIT 4(12.9) 3 (17.7) 1 (7.1) 0.400 

Body temperature a 37.2 (0.3) 37.3 (0.3) 37.1 (0.3) 0.101 

Fever (body temp ~ 37.5 0 C) 8 (25.8) 4 (23.5) 4 (28.6) 0.750 

Married 25 (80.7) 16 (94.1) 9 (64.3) 0.062 

Attended ANC b 3 (9.7) 2(11.8) 1 (7.1) 0.232 

Gravida 1 14 (45.2) 7 (41.2) 7 (50.0) 
0.624 

Gravida 2 17 (54.8) 10 (58.8 7 (50.0) 

Gestation: 
First trimester 9 (29.0) 5 (29.4) 4 (28.6) 
Second trimester 8 (25.8) 5 (29.4) 3 (21.4) 0.958 
Third trimester 5 (16.1) 2 (11.8) 3 (21.4) 
Missing 9 (29.0} 5 (29.4} 4 (28.6} 
Values are number (%) except a where values are mean (standard deviation); * Adjusted for clustering. 
AGLIT - adolescent girls literacy programme; ANC - antenatal clinic, b had attended ANC for 
pregnancy booking or illness. 

Treatmellt choices alld sources of drugs 

Table 7.3 shows the treatment choices and drugs used among the 31 

pregnant adolescents. Eight (25.8 %) had fever (temperature ~ 37.5 0 C). Other fever-

related symptoms mentioned were headache in one participant and malungo in another 

participant. Five participants (16.1 %) had self-treated with some drug and four (12.9 

%) with an antimalarial drug. Sources of drugs were either the health facility or the 

village grocer. The only drugs used were Aspirin and SP. The gestational ages of these 

four participants were 10, 16, 23 weeks and unknown for one participant. 
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Table 7.3: Treatment choices and drugs used for febrile episodes in pregnant 
adolescents 

Variable 
All Dry season Wet season 
{n=31~ {n=17~ {n=14~ 

p-value 

Treatment choices: 

No treatment * 2 (6.5) 1 (5.9) 1 (7.1) 

Treated at health facility 1 (3.2) 0(0.0) 1 (7.1) 

Self-treated with any drug 5 (16.1) 3 (17.6) 2 (14.3) 0.890 

Self-treated with anti-malarial 4 (12.9) 3 (17.6) 1 (7.1) 

Sought traditional healer 0(0.0) 0(0.0) 0(0.0) 

Not applicable ** 19 (61.3) 10 (58.8) 9 (64.3) 

Drug sources for self-treatment t n=5 n=3 n=2 

Health facility t 2 (40.0) 2 (66.7) 0(0.0) 0.400 

Village grocer 3 (60.0) 1 (33.3) 2(100) 

Drugs used~ 

Aspirin 4 (50.0) 3 (75.0) 1 (25.0) 
1.000 

SP 4 (50.0) 3 (75.0) 1 (25.0) 

* Had an illness but did not seek care 
** Did not have an illness to warrant seeking care 
t Sample size includes only those who self-treated with any drug 
+ Drugs prescribed and acquired from a health facility which could or could not for index illness 
P Sample n = total number of drug uses reported 
SP - Sulphadoxine-pyrimethamine 

Laboratory cOltjirmatioll of alltimalarial drug use 

SP use was detected in urine in 7 samples of those reporting antimalarial 

use (20.0 %) and chloroquine in 3 (8.7 %). The ELISA tests also showed some 

borderline sensitivity in some samples (results not presented) which could relate to SP 

use in the previous 2 to 3 months. Chloroquine cross-reacts with amodiaquine and 

there is a possibility that some of those with chloroquine detected may have taken 

amodiaquine. 
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7.4.3 Comparison of treatment rates in non-pregnant and pregnant 
adolescents 

Self-treatment with an antimalarial drug was 12.9 % in pregnant and 2.4 % 

in non-pregnant adolescents, (p=0.008). The rate of antimalarial drug self-treatment in 

the first trimester was 3.2 %, which was comparable to that for non-pregnant 

adolescents (p = 0.509), Table 7.4. 

Table 7.4: Comparison of antimalarial self-treatment rates in pregnant and non
pregnant adolescents 

No. (%) self-treated 
with antimalarial drug 

Pregnant 
(n = 31) 
4(12.9) 

Non-pregnant 
(n = 1263) 
31 (2.4) 

p-value 

O.008t 

No. (%) self-treated 1 (3.2) O.509t 
with antimalarial drug 
during 1st trimester 

t Pregnant compared to non-pregnant using Fisher exact test 

7.4.4 Factors associated with antimalarial drug self-treatment 

Univariate analysis showed that chronological or gynaecological age, 

Tanner breast stage, the presence of malaria aparasites on microscopy and a diagnosis 

of symptomatic malaria were all positively associated with anti-malarial self-treatment, 

whereas the wet season survey was inversely associated (Table 7.5). In multi-variate 

analysis, predictors of anti-malarial self-treatment were gynaecological age (PRR 1.51, 

95 % CI: 1.18, 1.93; P <0.001), high literacy score (PRR 1.10,95 % CI: 1.02, 1.20; p 

=0.020) and a symptomatic malaria diagnosis (PRR 6.57, 95 % CI: 1.85, 23.37; p 

=0.004). 
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Table 7.5: Univariate analysis of factors associated with anti-malarial self-treatment 

Characteristic PRR (95% CI) p-valuet 

Pregnant 4.08 (0.93, 17.94) 0.062 

Chronological age, years 1.27 (1.13, 1.43) <0.001 

Gynaecological age years 1.53 (1.26,1.86) <0.001 

Education, years 1.00 (0.85,1.18) 0.971 

Mother's education, years 1.02 (0.96, 1.05) 0.357 

Father's education, years 1.02 (0.98, 1.05) 0.305 

Tanner breast stage 1.42 (1.08, 1.86) 0.013 

Literacy scoret 1.07 (0.99,1.15) 0.081 

Season: Dry 1.00 
Wet 0.44 (0.21, 0.90) 0.026 

Malaria parasitaemia 
1.00 

0.004 4.25 (1.57, 11.53) 

Rapid test positive 
1.00 

0.876 0.93 (0.38, 2.28) 

Symptomatic malaria 
1.00 

0.018 4.09 (1.28,13.07) 

~ Adjusted for clustering; t Literacy assessment score as a continuous measure 

7.5 Discussion 

These community-based surveys aimed to assess self-treatment rates for 

malaria infection in adolescent females. The results are based on reported use and 

verification was done only for health facility treatment from available health books. 

Sulphadoxine-pyrimethamine (SP) was the recommended first line antimalarial drug 

for treating uncomplicated malaria and for the presumptive treatment of malaria within 

these communities (Ministry of Health 2003). According to prevailing malaria policy 

and rational prescribing standards, SP and Quinine were the only available and 

accessible antimalarial drugs through the primary level public health facilities. 

Artemisinin-based compounds (ACTs) and other antimalarial drugs were also 

available through private clinics, traders and private pharmacies. For example, the 
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sugar factory-owned private clinic (SUCOMA) stocked a wide range of antimalarial 

drugs including ACTs. 

Self-treatment with an antimalarial drug was 2.4 % in non-pregnant and 

12.9 % in pregnant adolescents. 3.2 % pregnant adolescents were estimated toself-treat 

with an antimalarial drug during the first trimester, although this represented only one 

of the 31 women. This first trimester treatment rate was comparable to that deternlined 

for non-pregnant women. Despite the small sample size of pregnant compared to non

pregnant adolescents, the difference in treatment rates between these two groups was 

significant indicating that pregnant women were more likely to self-treat. Significant 

predictors for anti-malarial self-treatment were increasing maturity (gynaecological 

age), improved literacy and symptomatic malaria. Maternal or paternal literacy were 

not associated with treatment behaviour. 

Previous studies of treatment behaviour from Malawi have been among 

care-givers of children under five years of age and were conducted when chloroquine 

was the first line antimalarial drug. These showed high rates of antimalarial drug 

treatment at home with estimates as high as 56 % (Nwanyanwu ef al. 1996; Slutsker ef 

al. 1994). In an urban setting following the introduction of SP, self-treatment in these 

young children was reported as 34 %, and associated with easy access to shops (Holtz 

ef al. 2003). Re-analyzed data from a nationwide Demographic Health Survey 

conducted in 2000 in Malawi showed that higher socio-economic status, maternal 

literacy, paternal education and media access positively influenced self-treatment for 

malaria (Kazembe ef al. 2007). 

In the combined adolescent seasonal surveys, drugs were mostly sourced 

from the village grocers. Other African studies have shown the popularity of private 
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medicine sellers (Abuya et al. 2007). Strategies to improve rational use are challenging 

due to the wide coverage and variation between local communities. Sulphadoxine

pyrimethamine was the commonest antimalarial drug in the present study while ACTs 

were not used by any of the participants. Use of anti-pyretic drugs (Aspirin and 

Paracetamol) was common. Of concern were the small numbers of drugs used for self

treatment which had originated from the health facility but which was still kept in the 

home. One participant indicated self-treatment with Quinine which is only indicated 

for the treatment of complicated malaria. Self-treatment when based on insufficient 

knowledge in the individual or drug provider is likely to lead to misuse of 

pharmaceutical drugs (Ruebush et al. 1995). In addition, the visual appearances for 

tablets of available malarial and non-malarial drugs in the country, such as SP and 

Paracetamol, were similar such that reliance on tablet recognition by appearance would 

be unreliable if drugs were not in their original packaging (Launiala & Honkasalo 

2007). 

The accessibility of antimalarial drugs within communities ensures prompt 

treatment of suspected malaria infection, sometimes at the expense of misdiagnosis 

and inadequate treatment (Wirima 1994). Conununity-based interventions to improve 

presumptive diagnosis and provide antimalarial drugs have been shown to be feasible 

and effective (Kidane & Morrow 2000; Pagnoni et al. 1997; Winch et al. 2003). 

Under-dosing in young children has been previously reported and is a potential 

problem (Terlouw et al. 2003), although information on dosing based on weight 

related to treatments in adolescents is limited. A study among Kenyan and Ugandan 

school-children of both sexes, 10 to 18 years old showed that although self-treatment 

was conunon, knowledge about indications and dosages were lacking (Geissler et al. 

2001). 
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Malawi changed to Coartem (Artemether-Lumenfantrine) as first-line 

antimalarial drug towards the end of 2007. Its availability and access is likely to be 

different from SP because presumptive treatment with combination therapies is not 

highly advocated as was the case with SP. With ACTs, drug dosing issues are crucial. 

In a study of dosing regimens, for example, two age categories were identified for 

infants because of high growth rate (Taylor et al. 2006). It is unclear if the adolescent 

growth spurt introduces a similar consideration, and the effectiveness of dosing 

regimens in this group remains unclear. 

One of the thirty-one pregnant participants (3.2 %) had SP self-treatment 

during the first trimester, and although this sample size was small, inadvertent 

exposure to antimalarials in the first trimester of pregnancy is probably not 

uncommon; and a wider discussion and increased awareness is required to reduce the 

potential adverse consequences of these exposures, especially to ACT therapy which is 

now much more widely available. 

7.6 Conclusion 

Adolescent females frequently self-treated for perceived malaria infection 

and this could contribute to inadvertent drug exposures in early pregnancy. Use of self

treatment could relate to several factors influencing access as these were not a popular 

treatment choice. Adolescent-friendly strategies to improve malaria seeking behaviour 

in malaria endemic areas during the pre-pregnancy period are required to facilitate 

improved understanding and use of antimalarials and potentially to reduce inadvertent 

exposures in the first trimester. 
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CHAPTER EIGHT 

IMPROVING HEALTH LITERACY AND MALARIA 

KNOWLEDGE IN OUT OF SCHOOL ADOLESCENT GIRLS 

8.1 Introduction 

Access to education, especially for girls, is probably one of the 

fundamental actions which could improve public health in the world's poorest 

countries (Nutbeam & Kickbusch 2000). Acquisition of literacy, numeracy and 

language skills through fonnal education are contributory to health literacy (LeVine ef 

al. 2004); hence health literacy is seen as an active process empowering women 

(Renkert & Nutbeam 2001). However, girls continue to drop-out of school world-wide. 

For instance, in spite of universal free primary school education since 1995 in Malawi, 

an estimated 10.5 % of girls drop-out annually and 60 % of those enrolled do not 

attend school regularly. Eventually, about half of these girls do not complete school 

beyond four years and this could lead to generations of illiterate mothers if this trend is 

not reverted (Government of Malawi & UNICEF 2005). Non-fomlal education for 

such adolescents presents a last chance of attaining literacy before they become 

mothers. 

Previous studies in the Shire valley of southern Malawi highlighted the 

link between high illiteracy levels and pregnancy complications, especially among 

young primigravidae, and improved literacy was one of the interventions 

recommended (Brabin ef al. 1998). In response to this, an Adolescent Girls Literacy 

project (AGLIT) was established in Chikwawa district, an area with an estimated 

population of 45,418 adolescent females. This was a village-based combined literacy 

and health education progranune targeting illiterate girls 10 to 19 years of age who 
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were out of school. The project aimed to improve health-seeking behaviour and 

prevent early pregnancy through health literacy interventions. The basic hypothesis 

was that health promotion was likely to be most effective if the girls were literate and 

that literacy attainment would also make them more self-confident in acting on their 

new knowledge and raise their social standing within the community (Hogg et al. 

2005). After a one year pilot in 1997, a 36-week course was developed and a teaching 

curriculum covering general life skills and health was developed. This curriculum 

included malaria as one of the ten main health topics. In each village, lessons were 

delivered for two hours, five afternoons per week, generally under a tree or a shelter. 

Lessons were conducted in Chichewa, the main local language common to all ethnic 

groups. AGLIT coverage expanded slowly in the first two years while the curriculum 

continued to be structured and was extended widely from 2000 when it was reaching 

40 villages annually. 

8.2 Objective 

This analysis aimed to assess malaria knowledge, factors associated with 

poor malaria knowledge and the impact of the acquired literacy on malaria knowledge 

among the adolescent girls attending the AGLIT programme. 

8.3 Methods 

Study participants: Illiterate out of school adolescent girls aged 10 to 19 years from 

Chikwawa district. 

Study design: cross-sectional survey at enrolment and an evaluation on completion of 

the AGLIT programme. 
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8.3.1 Selection of villages and participants 

Villages were selected based on the extent of village commitment to the 

programme. This was based on villagers' willingness to (a) collect names of 

girls fitting the selection criteria; (b) to attend a meeting to discuss with AGLIT what 

the programme participation involved and (c) to form a Village Literacy Committee. 

Girls were selected if they were illiterate and out of school. Age eligibility was always 

difficult to ascertain and it was agreed to advertise the age range as 10 to 19 years for 

guidance to give the committees. Age was based on self-reporting or as provided by 

parents and guardians. Prompts using local events were made to estimate ages for 

those whose ages were not known. Lists of participants were checked by comparing 

names with local primary school enrolment registers in order to avoid "poaching" girls 

from formal schooling. Participants were also informally tested by asking them to read 

a standard sentence to find out whether they were really illiterate. Once AGLIT was 

well established and became known in the area, the main spread of information to 

other villages was by word -of-mouth. Village chiefs used to approach AGLIT to ask if 

their girls could participate. AGLIT staff would then visit villages and assess their 

eligibility. 

8.3.2 Malaria curriculum 

The curriculum on malaria (Appendix 8) was delivered using various ways 

of engaging participants. For example, participants would explore the effects of 

malaria in their lives and their communities through discussion of daily activities 

within their families and conducting simple surveys. They would discuss and copy out 

survey questions. They were encouraged to ask and find out about recent malaria 

episodes and to share the results within their families. Subsequently they would also 

engage their families in discussing its effects on family earnings and costs of 
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prevention strategies such as bed nets or applying their numerical skills. They would 

report back by writing sentences about the survey results as part of assigned 

homework. 

8.3.3 Field procedures 

Participants were enrolled in March 2003. Demographic and health 

information was collected from participants using a questiOlmaire (Appendix 6). 

Health knowledge of diarrhoeal disease, baby feeding practices, malaria, sexually 

transmitted infections and HIV/ AIDS was assessed. Girls attended health literacy 

classes using a curriculum that covered varied health topics with the main themes on 

malaria, reproductive health, diarrhoeal diseases, primary health care and 1I1V / AIDS. 

Use of strip cartoons, drama, dance and song and organization into youth clubs were 

among the strategies used in curriculum delivery. At the end of the curriculum in 

November 2003, health information was collected and health-related knowledge was 

assessed using a questionnaire similar to the one at enrolment (Appendix 7). 

Participant identity was recorded using 'name' and 'village' but not using an identity 

number. In addition literacy and numeracy skills were assessed. 

8.3.4 Assessment of literacy and malaria knowledge 

At enrolment, participants could not read or write as according to the 

informal assessment done when ascertaining eligibility to participate in the programme 

and literacy was therefore not part of the assessments recorded on the enrolment 

questionnaire. Therefore the reliability of classifying all participants as illiterate at 

baseline is not known. This limits the quantification and interpretation of literacy and 

numeracy skills acquired as assessed at evaluation because an assumption of illiteracy 

is therefore uniformly applied. At evaluation, literacy assessment included tests on the 
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ability to read letters, words, phrases, write and copy words. Numeracy tests included 

identification of commonly used numbers, a simple mental arithmetic sum, and 

interpretation of dates, a weight measure and monetary value. Total scores were 

calculated and literacy and numeracy categories assessed using a binary variable (low 

or adequate score) based on whether they could or could not complete the prescribed 

assessment test. 

Malaria knowledge was assessed at enrolment and evaluation. A malaria 

knowledge score was estimated based on the total number of correct answers to five 

questions on malaria knowledge (Table 8.1). Each correct answer was one mark and an 

incorrect answer was zero marks. Two categories of 'poor malaria knowledge' and 

'adequate malaria knowledge' were created based on the malaria knowledge scores, 

using three as the cut-off point. This approach was used to indicate that scoring less 

than 60 % of the total score (i.e. < 3 out of 5 malaria questions correctly answered) 

reflected poor knowledge and scoring more than 60 % of the total score (i.e. ::: 3 out of 

5 questions correctly answered) reflected adequate malaria knowledge. 

Table 8.1: Malaria knowledge questions for AGLIT surveys 

Question 
Drinking river water can cause 
malaria 
What is the best treatment to cure 
malaria? 

Number of days for treatment on 
SPI Fansidar 
Do mosquitoes give you malaria? 

Most important for malaria 
prevention 

Right answer(s) 
No 

Fansidar or Quinine 

One day 

Yes 

Use bed net 
Measures to avoid mosquito bites 

8.3.5 Data management and limitations 

152 

Wrong answer(s) 

Yes 

Buy Aspirin from store 
Buy other drugs from store 
Other or no answer 
All other answers 

No 
Don't know 
Burning cow dung 
Other or Don't know 



Data was entered in Epi Info version 3.3 at the AGLIT field offices. Data 

at enrolment and evaluation was unlinked and attempts to link these two data sets 

using name and village residence were problematic due to changes in these two 

variables. Within the duration of the surveys, there was a re-demarcation of 

enumeration areas in relation to the nation-wide 2004 general elections which resulted 

in some villages being split, new ones created and a small number of boundaries 

moved. In addition, some participants' names changed due to marriage or other 

reasons. Paired analysis of enrolment and evaluation data was therefore not undertaken 

and results are presented based on the two cross-sectional surveys pre- and post 

AGLIT attendance. This limits the assessment of temporal trends in malaria 

knowledge scores and co-variates within individuals; hence the analysis is completed 

at population level and therefore prone to cross-sectional bias. Sample sizes for some 

co-variates showed substantial missing values. No imputation methods for missing 

values were applied. This means that regression analysis results could be biased 

towards participants who responded but the direction of bias is unknown. 

8.3.6 Data analysis 

Analysis was completed in SPSS 15.0. Malaria knowledge scores were 

normally distributed both at enrolment and evaluation. A descriptive analysis of 

enrolment data was completed. Differences between 'poor' and 'adequate' malaria 

knowledge groups were tested using students t-test for nom1ally distributed data, chi

square for categorical data and Fisher's exact test for categorical data with expected 

cells less than 5. A p-value of less than 0.2 was considered for inclusion of variables 

for logistic regression. Univariate and multivariate logistic regression analyses for 

significant associations between malaria knowledge and explanatory variables were 

completed. P-value < 0.05 was considered significant. A post AGLIT attendance 
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evaluation of literacy attainment was completed. Data analysis to estimate measured 

change in malaria knowledge scores was completed for villages as a unit, and 

comparisons made between malaria knowledge at enrolment and on post AGLIT 

evaluation based on the questionnaire interview responses. 

8.3.7 Definitions 

Age: reported age by participant or parent or guardian, or estimated from probing 

questions related to local calendar events. 

Alalaria knowledge: a composite score from questions that were answered correctly as 

indicated in Table 8.1. 

Self-reported malaria: diagnosed or presumed malaria illness reported by participant in 

the previous month. 

/TN use: corresponded to 'yes' reponses to a question asking if the participant used an 

ITN on most nights. 

Level of class attendance: semi-quantitative based on four options assessed by the 

AGLIT teacher: stopped attending, missed at least a whole month, missed at least a 

whole week or had regular attendance. 

8.4 Enrolment survey results 

Nine hundred and thirty-three participants (933) were enrolled. One 

hundred and ninety-one participants did not know their exact age although they were 

clearly adolescents by observation. Age was normally distributed, mean 14 ± 2.5 years; 

the reliability of these age estimates is unknown. Table 8.2 summarises the descriptive 

characteristics at enrolment. The majority of the girls (65.5 %) had never been to 
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school and none had attended beyond 4 years of primary school. Some adolescents 

were married (13.4 %) and 2.7 % were pregnant. One in eleven (9.1 %) participants 

was already mothers. One hundred and eight participants (11.6 %) had lost their 

mother and 229 (24.7 %) their father. About half (53.3 %) reported experiencing 

malaria in the previous month with no difference according to marital status. Access to 

any type of bed net was 20 %, to an ITN 16.2 % and ITN use was 54.2%. 

Table 8.2: Characteristics of AGLIT adolescent girls at enrolment 

Characteristic Value 
Mean (sd) age in years a b 14.0 (2.5) 

Participant level of education: 
None 611/933 (65.5) 
Standard 1 127/933 (13.6) 
Standard 2 128/933 (13.7) 
Standard 3 57 1933 (6.1) 
Standard 4 10/933 (1.1) 

Married 125/933 (13.4) 

Pregnant, from history 25/933 (2.7) 

Low MUAC-for-age t 316/720 (43.9) 

Has childl children 76/838 (9.1) 

Father deceased 229/928 (24.7) 

Mother deceased 108/932 (11.6) 

Self-reported malaria t 496/931 (53.3) 

Bed net ownership 187/933 (20.0) 

Bed nets treated with insecticides 151/933 (16.2) 

ITN use C 136/251 (54.2) 

Values are number (percentage) except a where values are mean (sd); b n = 742; 
c based on the question if they used an ITN on most nights (yes/no) and missing values could 
be explained by those who had no access to an ITN 
t Below - 2S0; t within the previous month 

8.4.1 Malaria knowledge and associated factors at enrolment 

Mean malaria scores by age are shown in Figure 8.1. Knowledge scores 

were lower among younger adolescents, increasing with age except for a decline at 19 
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years; and these did not differ with years of schooling (Figure 8.2). At enrolment 813 

(87.1 %) were classified as having poor malaria knowledge and 120 (12.9 %) with 

adequate malaria knowledge. 

Figure 8.1: Trends in mean malaria knowledge scores by age and marital status 
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Figure 8.2: Trends in malaria knowledge scores by age and educational level 
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The univariate analysis of factors associated with poor malaria knowledge 

is shown in Table 8.3. Marital status confounded the association of malaria knowledge 

with age as it was associated with both malaria knowledge and age (OR 2.10, 95 % I 

1.82, 2.43 p<O.OO 1). The analysis is therefore stratified by marital status. In both 
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unmarried and married participants, there was no significant association between poor 

malaria knowledge with participant or paternal educational, loss of any parent or being 

an adolescent mother. 

In unmarried participants, for each yearly decrement, there was a 1.3 times 

increased likelihood of having poor malaria knowledge (p <0.001). Adolescents with 

illiterate mothers (maternal education ~ 4 years) were 2.7 times more likely to have 

poor malaria knowledge (p = 0.049). For married participants, age and maternal 

illiteracy were not associated with poor malaria knowledge and not being a mother 

associated with a 3.5-fold increased likelihood of poor malaria knowledge (p= 0.017). 
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Table 8.3: Univariate analysis of factors associated with poor malaria knowledge in AGLIT girls at enrolment, stratified by marital 
status 

Married (n = 125) Unmarried (n = 798) 

Co-variate Malaria knowledge Malaria knowledge 

Poor Adequate Crude OR p-value Poor Adequate Crude OR p-value 
(95% CI) (95 % CI) 

Age in years a 16.4 (1.6) 16.4 (1.8) 0.75 (0.50, 1.13) 0.166 13.4(2.1) 14.5(2.1) 0.79 (0.71, 0.89) <0.001 
Age in descending order 1.53 (0.92, 2.55) 0.098 1.32 (1.16,1.49) <0.001 

Participant education (yrs) 
None 142/72 (58.3) 17 124 (70.8) ref 483/724 (66.7) 51/84 (60.7) ref 
Standard 1 to 4 30172 (41.7) 7/24 (29.2) 1.73 (0.64, 4.70) 0.276 241/724 (33.3) 33/84 (39.3) 0.77 (0.48, 1.23) 0.272 

Mother alive 164/72 (88.9) 20 124 (83.3) ref 643/723 (88.9) 72/84 (85.7) ref 
Mother deceased 8/72(11.1) 4/24 (16.7) 0.63 (0.17, 2.30) 0.474 80 1723 (11.1) 12/84 (14.3) 0.75 (0.39, 1.43) 0.379 

Father alive /61172 (84.7) 18/24 (75.0) ref 543/721 (75.3) 56/84 (66.7) ref 
Father deceased 11/72 (15.3) 6/24 (25.0) 0.54(0.18,1.67) 0.280 178/721 (24.7) 28/84 (33.3) 0.66 (0.40,1.11) 0.086 

Maternal education> 4 yrs 3/7 (42.9) 1/2 (50.0) ref 54/115 (47.0) 12/17 (70.6) ref 
Maternal education s; 4 yrs 4/7(57.1) 1/2 (50.0) 1.33 (0.06, 13.12) 0.858 61/115 (53.0) 5/17 (29.4) 2.71 (1.01,8.19) 0.049 

Paternal education> 4 yrs 19/27 (70.4) 617 (85.7) ref 160/217 (73.7) 26/32 (81.3) ref 
Paternal education s; 4 yrs 8/27 (29.6) 1/7 (14.3) 2.52 (0.26, 14.51) 0.412 57/217 (26.3) 6/32 (18.7) 1.54 (0.60, 3.94) 0.361 

Has at least 1 child 35/72 (48.6) 5/24 (20.8) ref 631/641 (98.4) 70173 (95.9) ref 
Has no children 37172 (51.4) 19/24 (79.2) 3.59 (1.21,10.62) 0.021 10/641(1.6) 3/73(4.1) 0.37 (0.10, 1.37) 0.123 

Normal MUAC-for-age 55/66 (83.3) 18/22 (81.8) ref 280/549 (51.0) 43/69 (62.3) ref 
Low MUAC-for-age t 11/66 (16.7) 4/22 (18.2) 0.90 (0.25, 3.18) 0.870 169/549 (49.0) 26/69 (37.7) 1.59 (0.95, 2.66) 0.076 

Values under 'Malaria know/edge' columns are number (percentage) except a where values are mean (sd); the values mean prevalence of poor or adequate malaria 
knowledge (according to column) within that co-variate classification; values are reported excluding missing values; t < - 2SD of NCHS reference. 
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In multivariate analysis, age and maternal illiteracy were significant 

predictors of poor malaria knowledge in unmarried participants. Not being a mother 

was the only significant predictor among married participants (Table 8.4). 

Table 8.4: Multivariate logistic regression analysis of factors associated with poor 
malaria knowledge 

~ (SE) 

Unmarried participants 

Age· 0.399 (0.181) 

Maternal education ~ 4 yrs (ref> 4 yrs) 1.863 (0.835) 

Married participants 
Has no children (ref has children) 1.279 (0.555) 

• Referent age is 19 years old, comparison in descending order. 

8.4.2 Malaria knowledge and ITNs 

OR (95 % CI) 

1.49 (1.05, 2.13) 

6.44 (1.25, 33.12) 

3.59 (1.21,10.67) 

p-value 

0.026 

0.027 

0.021 

The association of malaria knowledge with reported malaria illness and 

ITN access and use was evaluated (Table 8.5). As marital status was associated with 

both malaria knowledge and ITN variables, results were stratified by marital status. In 

logistic regression analysis there was no association between malaria knowledge and 

ITN access or use in the unmarried group. In married participants, access to an ITN 

was associated with a 50 % reduced odds of poor compared to good malaria 

knowledge (p = 004). Access to an untreated bednet was not related to malaria 

knowledge. 
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Table 8.5: Malaria knowledge, self-reported malaria and ITN characteristics, stratified by marital status 

Married Unmarried 

Variable Poor Adequate Crude OR p-value Poor Adequate Crude OR p-value 
(n= 96) (n=39) (95%CI) (n= 717) (n=81) (95 %CI) 

No malaria 14/19 (73.7) 4/16 (25.0) ref 85/177 (48.0) 14/29 (48.3) ref 
Self-reported malariat 5/19 (26.3) 12/16 (75.0) 0.71 (0.10, 5.18) 0.739 92/177 (52.0) 15 1 29 (51.7) 1.01 (0.46, 2.22) 0.980 

ITN access 
No bed net 54170 (77.1) 11/25 (44.0) ref 5721697 (82.0) 64/84 (76.2) ref 
Untreated bed net 3/70 (4.3) 2/25 (8.0) 0.31 (0.05,2.05) 0.201 20/69 7 (2.9) 2/84 (2.4) 1.12 (0.26, 4.90) 0.881 
Treated bed net (ITN) 13/70 (18.6) 12/25 (48.0) 0.51 (0.32, 0.83) 0.003 103/697 (15.1) 18/84(21.4) 0.65 (0.37,1.15) 0.135 

No ITN§ 57 170 (85.2) 13/25 (52.0) ref 5921697 (84.9) 66/84 (78.6) Ref 
ITN 13/70 (18.6) 12/25 (48.0) 0.50 (0.32, 0.78) 0.004 105170 (15.1) 18/25 (21.4) 0.65 (0.37,0.1.14) 0.130 

0.886 0.895 
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8.5 Evaluation survey results 

A total of 860 girls were evaluated following their completion of the 

AGLIT programme and 73 (7.8 %) were lost to follow up. Class attendance varied; 3.6 

% were reported to have stopped attending, 9.3 % missed at least a whole month and 

21.2 % missed at least a whole week. Overall, 48.6 % of the girls were classified as 

regular attenders with the remainder irregular attendees. Self-reported malaria 

prevalence was 51.6 % (437/847) and did not differ according to poor or adequate 

malaria knowledge at the time of the survey (p-value 0.98). This prevalence was 

comparable to that observed at enrolment (53.2 %) (p = 0.54). 

8.5.1 Acquisition of reading, writing and numeracy skills on completion 

Results of literacy, writing skills and numeracy are summarised in Table 

8.6. Basic literacy, defined as being able to read and write, was attained in at least half 

of the participants (reading 55 %, writing 56.8 %). Numeracy was attained by 46.5 % 

and for numeracy applications (e.g. in dates and measures), 35.1 %. Total scores for 

literacy (i.e. for reading, writing skills) and numeracy was categorised into a binary 

variable of low or adequate which showed that 49.7 % had adequate literacy 

(402/800). 
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Table 8.6: Assessment ofliteracy and numeracy among AGLIT girls at evaluation 

survey 

Literacy 

1. Reading alphabetical letters 

2. Reading words 

3. Reading health-related phrases: 

AIDS kills (edzi imapha) 

Avoid promiscuity (tipewe chiwerewere) 

Eat mangoes (idyani mango) 

Eggs are a body building food (mazira amamanga thupl) 

We sleep under a net to avoid mosquito bites (tigone 
muneti kopewa udzudzu) 

When going to Lilongwe Malita took a minibus (malita 
popita ku Lilongwe anakwera basI) 

4. Writing skills 

Can hold pencil correctly 

Can copy word (kalata) 

Can write word on her own 

Numeracy 

Can recognise 12 numbers 

Can do a simple mental sum 

Can understand numbers ( 15 November 2000, 16.8.2002, 
20 kg and K30) 
(italics) - phrases as administered in Chichewa language. 
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None: 
All 6 letters: 

None: 
All 5 words: 

None: 
All words in the phrase: 

None: 
All words in the phrase: 

None: 
All words in the phrase: 

None: 
All words in the phrase: 

None: 
All words in the phrase: 

None: 
All words in the phrase: 

None: 
All 12 numbers: 

None 
All 4 numbers 

Number(%) 

42/860 (4.9) 
521 1860 (60.6) 

185/860 (21.5) 
473/860 (55.0) 

342/848 (40.3) 
394 1848 (46.5) 

397/845 (47.0) 
412/845 (48.8) 

340/846 (40.2) 
385/846 (45.5) 

345/848 (40.7) 
409/848 (48.2) 

321/848(37.9) 
406/848(47.9) 

3591 848(42.3) 
377/848 (44.5) 

824 I 848 (97.2) 

8041 848 (94.8) 

4821 848 (56.8) 

9/860 (1.0) 
400/860 (46.5) 

530 1860 (63.1) 

259/860 (30.1) 
3021 860 (35.1) 



8.5.2 Changes in malaria knowledge and behaviour scores following AGLIT 
attendance 

Mean scores for malaria knowledge at evaluation improved when 

compared to enrolment (Figure 8.3). 

Figure 8.3: Distribution of total malaria knowledge scores at enrolment and 
evaluation 
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Due to difficulties in linking participant information individually at 

enrolment and evaluation, a paired analysis of malaria knowledge was not possible. 

This was completed using village as the analysis unit and results are summarized in 

Table 8.7. Seventy-three (8.5 %) participants had some missing values. The change in 

malaria knowledge score between enrolment and evaluation was calculated and 

compared with mean attained literacy scores for villages participating in the post-

AGLIT surveys and following girls' completion of the AGLIT curriculum. 
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Table 8.7: Ch ange In rna ana ow e Ige an eva uatlon Iteracy scores by village I'kn Id d I . r 
Village Malaria knowledge score Literacy at evaluation 

Enrolmentt Evaluation 
n Mean (sd) n Mean (sd) Change ( 95 % CI) Mean score (sd) 

Mafunga 26 0.65 (0.80) 26 4.62 (0.64) 3.97 (3.58, 4.36) 45.27 (12.09) 

Dwaliti 16 0.81 (0.91) 14 4.00 (0.64) 3.19 (2.61, 3.76) 46.85 (8.67) 

Chituwi 33 0.88 (1.29) 32 3.23 (0.94) 2.35 (1.80, 2.89) 43.54 (9.91) 

Nsingano 32 0.94 (0.95) 33 3.48 (1.06) 2.54 (2.05, 3.03) 36.41 (15.18) 

Chamboko 20 1.05 (0.94) 24 4.00 (0.72) 2.95 (2.45, 3.45) 26.83 (15.61) 

Kuwalabango 22 1.05 (0.72) 31 3.58 (1.09) 2.53 (2.04, 3.02) 29.77 (18.78) 

Mpoza 13 1.15 (0.69) 24 3.25 (1.16) 2.10 (1.50, 2.70) 35.27 (15.12) 

Thenesi 27 1.15 (0.99) 19 4.00 (0.67) 2.85 (2.37, 3.33) 33.76 (16.73) 

Chindoko 37 1.17 (0.96) 25 3.88 (0.93) 2.71 (2.23,3.19) 29.08 (17.21) 

Chipula 24 1.17 (0.70) 23 3.59 (0.80) 2.42 (1.98, 2.92) 27.25 (16.69) 

Mafale 20 1.20 (0.89) 18 3.94 (1.00) 2.74 (2.14, 3.34) 35.78 (16.65) 

Chimpambana 27 1.22 (0.97) 23 4.00 (0.82) 2.78 (2.28, 3.28) 37.29 (16.34) 

Kanseche 20 1.30 (0.98) 13 3.23 (0.73) 1.93 (1.3S, 2.S1) 22.38 (11.1S) 

Chitimbe 23 1.31 (0.99) 21 3.19 (0.93) 1.88 (1.31, 2.45) 24.70(16.11) 

Joni 20 1.32 (0.85) 22 3.91 (0.75) 2.59 (2.11, 3.07) 40.01 (16.17) 

Ntchesi 31 1.32 (1.27) 23 3.96 (0.98) 2.64 (2.04, 3.24) 36.10 (16.68) 

Chatala 27 1.37 (0.69) 27 3.63 (1.11) 2.26 (1.77, 2.75) 45.96 (9.39) 

Santu 24 1.38 (0.97) 21 4.0S (0.S9) 2.67 (2.21, 3.13) 27.35 (11.60) 

Salabeni 24 1.39 (0.66) 17 3.41 (0.94) 2.02 (1.50, 2.S4) 20.29 (17.23) 

Nkhwazi 36 1.41 (0.86) 32 3.84 (0.85) 2.43 (2.02, 2.84) 28.50 (16.12) 

Nyasa 32 1.44 (1.19) 26 2.88 (1.07) 1.44 (0.86, 2.02) 32.67 (16.18) 

Machokola 29 1.45(1.05) 23 3.64 (0.90) 2.19 (1.66, 2.72) 33.55 (16.17) 

Maluwati 24 1.46 (0.90) 22 3.73 (0.98) 2.27 (1.72, 2.82) 38.58 (14.90) 

Mwalija 22 1.50 (0.91) 21 4.24 (0.54) 2.74 (2.80, 3.18) 39.05 (13.64) 

Jombo 23 1.52 (0.85) 20 3.89 (1.15) 2.37 (1.75,2.98) 32.27 (16.01) 

Phingo 26 1.58 (0.58) 25 3.38 (0.92) 1.80 (1.38, 2.22) 32.S7 (17.37) 

Maya 17 1.60 (0.74) 16 3.94 (1.18) 2.34 (1.66, 3.02) 32.93 (20.08) 

Njereza 32 1.61 (0.95) 26 4.81 (0.40) 3.20 (2.84, 3.56) 39.15 (14.84) 

Dzongwe 27 1.63 (0.84) 28 4.14 (1.08) 2.51 (2.00, 3.02) 32.58 (14.46) 

Kalima 20 1.79 (1.13) 20 3.70 (0.80) 1.91 (1.30,2.52 ) 31.58 (16.40) 

Mikanzo 25 1.84 (1.28) 18 3.22 (0.94) 1.38 (0.72, 2.04) 28.83 (15.63) 

Kulima 17 1.90 (1.15) 6 3.50 (0.84) 1.60 (0.73, 2.47) 33.75 (16.92) 

Matsukambiya 28 1.93 (1.24) 28 3.93 (1.09) 2.00 (1.38, 2.61) 35.26 (16.04) 

Moznyeti 21 2.05 (0.80) 20 4.10 (0.97) 2.05 (1.50, 2.60) 30.61 (16.33) 

Namatchuwa 24 2.29 (1.20) 19 3.79 (0.86) 1.50 (0.88,2.12) 32.58 (17.88) 

All 869 1.39 (0.35) 787 3.77 (0.40) 2.38 (2.34, 2.42) 34.00 (6.26) 
tLlsted In ascending order of k nowled e scor 9 es 
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Mean malaria knowledge scores significantly improved for all villages 

with means ranging from 1.38 to 3.20 units. The proportion with poor malaria 

knowledge in each village declined. In four villages all girls assessed had adequate 

malaria knowledge at the fmal evaluation. There was a positive linear correlation 

between mean literacy-numeracy scores at village level on completion of the AGLIT 

curriculum and mean change in village malaria knowledge scores (Figure 8.4). The R2 

value indicates the proportion of improvement that can be explained by the model. 

Figure 8.4: Scatter-plot of literacy scores and change in malaria knowledge scor s 
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Other models were explored and compared to the linear model including 

quadratic, cubic, logarithmic, inverse and exponential (Figure 8.5). The linear model 

was the most parsimonious at explainjng the data. 
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Figure 8.5: Comparison of linear model with alternative model fits for association of 
literacy and malaria knowledge scores. 
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8.5.3 Malaria knowledge and behaviour changes at evaluation 

Table 8.8 summarises malaria knowledge and behaviour variable at 

enrolment and at evaluation post-AGLIT attendance. Knowledge of Fansidar 

(sulphadoxine-pyrimethanline) as the preferred malaria treatment, drug dose 

knowledge that mosquitoes transmit malaria and the perception of malaria preventive 

measures (bednet use and avoidance of mosquito bites) aU showed improvements 

following completion of the AGLIT attendance. Reported malaria behaviour for 

seeking care from a health facility also improved (p <0.001). There was no change in 

reported behaviour of care seeking from the herbalist (p = 0.62), or home self

treatment (p = 0.64). There were improvements of pregnant adolescent s knowledge 

that malaria can haml the fetus (p <0.001), as well as for behaviour for taking 
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intermittent presumptive antimalarial treatment during pregnancy (p = 0.03). Poor 

malaria knowledge at evaluation showed a significant association with classification of 

low literacy compared to adequate literacy (crude odds ratio 2.83; 95 % CI 1.74,4.59; 

p< 0.001). 

Table 8.8: Malaria knowledge and behaviour post-AGLIT attendance 

Variable Enrolment Evaluation 

Number(%) Number (%) p-value 
Drinking river water cannot cause malaria 849/936 (90. 7) 725/860 (84.3) 0.00004 

Fansidar or Quinine is best malaria treatment 90/931 (9.7) 5571 860 (64.8) <0.00001 

Fansidar is taken as stat dose 158/759 (20.8) 345/852 (40.5) <0.00001 

Mosquitoes give you malaria 715/933 (76.6) 8361 853 (98.0) <0.00001 

Bednet use and avoiding mosquito bite are 242/936 (28.7) 751/860 (83.1) <0.00001 
important for malaria prevention 

Went to hospital for previous malaria episode 246/584 (37.0) 240/396 (60.6) <0.00001 

Treated herself for previous malaria episode 239/584 (40.9) 168/396 (42.4) 0.64 

Went to herbalist for previous malaria episode 38/583 (6.5) 29/396 (7.3) 0.62 

In pregnancy 

Malaria can harm your unborn child 9/25 (36.0) 28/31 (90.3) 0.00002 

Took IPT in index pregnancy 8/25 (32.0) 19 1 31 (61.3) 0.03 

IPT - intermittent preventive treatment 

8.6 Discussion 

In this study, knowledge on malaria prevention and control among 

illiterate adolescents was assessed prior to and following attendance at a combined 

literacy and health education programme in rural southern Malawi. Malawi is a 

country where an estimated 65.3 % of the population lives in poverty (Government of 

Malawi 1998), and these adolescent participants represent a highly vulnerable group of 

girls most of whom (65 %) had never accessed formal education. One in four had lost 

a father and one in nine their mother. By middle adolescence, some of the girls had 

already started entering into marriage. 
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Following attendance at AGLIT classes, basic literacy was achieved in 

56% of participants. Although the complete drop-out rate was low at 3.6 %, attendance 

rates were problematic as 47.8 % had irregular attendance. Commonly cited reasons 

for absence were illness, bereavement and income-generating commitments (Hogg ef 

af. 2005). Out of school adolescent girls are difficult to reach and they are not an 

automatic target group for most health interventions. They have also not benefited 

from school-based interventions. The decision on whether adolescents attend school or 

literacy programs lies with parents and guardians. From inception of the AGLIT 

project, the role the community could play in encouraging girls to enroll was 

recognized and support through community participation was a pre-requisite for 

sustaining attendance (Hogg ef af. 2005). Another dimension, which is applicable to 

adolescents, was that with the opportunity of free time and energy to spare away from 

domestic responsibilities, girls used it their own way for entertainment such as playing 

cards when their parents and carers had released them from domestic chores (Hogg ef 

af. 2005). These out of curriculum activities acted to re-enforce knowledge gained by 

AGLIT attendance. 

In this group of AGLIT participants, those who were younger than 15 

years should have been accessible to free universal primary education at the time they 

attained school-going age of 5 to 6 years in line with prevailing policy on education. 

Those factors which affect girls' school enrolment and attendance may also affect their 

access to literacy programmes, health facilities or other public health services (Fuller ef 

af. 1995). In one of its Millennium Development Goals, Malawi plans to make primary 

school education compulsory by 2012 as one of the measures for achieving universal 

access to primary education by 2015 (Government of Malawi, 2005). The Malawi 

government however recognises that poverty remains a challenge to achieving this 

168 



target due to its influence on domestic demands related to food availability and poor 

health status for the most impoverished and vulnerable families. If enrolment were to 

improve, the challenge of irregular attendance would still need to be addressed. 

Though effective in improving knowledge and behaviour in adolescents, even school -

based health progranls are dependent on reducing rates of absenteeism (Plummer ef al. 

2007). 

Before commencement of classes, most participants had poor malaria

related knowledge and this differed by marital status. In the unmaITied group, poor 

malaria knowledge was best predicted by young age and having an illiterate mother. 

Having an illiterate mother was associated with a 2.7 times chance of poor malaria 

knowledge, and each yearly decrement increased by 30 % the chance of having poor 

malaria knowledge compared to those a year older. In the married group, having had a 

child was associated with improved malaria knowledge. This could relate to improved 

knowledge due to lived experiences and possibly to exposure to antenatal clinics or 

under-five clinics. Improved maternal education has been consistently linked to better 

health outcomes in developing countries, and a central component of the inverse 

maternal education - child mortality relationship is health literacy (Caldwell 1979; 

Caldwell 1986). Low maternal literacy is associated with increased infectious disease 

morbidity (Dewalt ef al. 2004; Wolf ef al. 2004), while improvement of literacy in 

illiterate mothers has been shown to improve child survival in a study from Central 

America (Sandiford ef al. 1995). 

The regression line in Figure 8.4 indicates that about 18 % of the 

improvement in malaria knowledge could be explained by literacy attainment post

AGLIT attendance. Its interpretation is limited by the assumption of universal illiteracy 
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at baseline. Lower improvement scores in malaria knowledge were significantly 

associated with poorer literacy attainment. It is uncertain the extent to which poor 

literacy attainment was related to irregular AGLIT attendance. Some village clusters in 

this analysis also had small sample sizes (n <20) (Figure 8.4), limiting the validity of 

this comparison for these smaller village groups. 

Empowering adolescents by improving health literacy should improve 

their health-related behaviour through their adolescent and adult years. In unmarried 

adolescents, knowledge on malaria was not related to reported access to an ITN, 

whereas for married adolescents, better malaria knowledge was associated with 

improved ITN access. Unmarried adolescents may be more restricted in making 

decisions, and married adolescents may have been more empowered through their 

pregnancy or marriage, or have better access through antenatal distribution of ITNs. 

Adolescents can be empowered to influence health changes for themselves 

and in their community (Magnussen ef al. 2001; Onyang-Ouma ef al. 2005). The 

results of this study provide some evidence that improving adolescent literacy leads to 

better health-related knowledge and behavioral changes related to malaria control. 

Since 2001, AGLIT classes have also developed youth clubs for post-literacy activities 

such as cultivating gardens. This study offers evidence of an out-of-school strategy 

which was successful in providing health literacy to adolescent girls, thereby 

empowering them for motherhood and improving health seeking behaviours related to 

malaria control. 
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8.7 Conclusion 

These findings indicate that improving adolescent health literacy in 

vulnerable out of school girls is an effective strategy for improving knowledge and 

behaviour related to malaria prevention and control prior to pregnancy. Innovative 

approaches to attract and sustain girls' attendance at the AGLIT classes require further 

research. This would enable those girls who are irregular attendees to gain greater 

benefits from this health literacy strategy. 
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CHAPTER NINE 

GENERAL OVERVIEW 

The findings presented in this thesis underscore the importance of pre

pregnancy interventions related to malaria prevention and control in adolescent girls. 

The objectives of the research study were to determine the magnitude and factors 

associated with malaria infection in adolescent females in rural Malawi, and to relate 

this information to strategies for preventive interventions. Efforts to improve malaria 

control are continuously improving and emphasis is shifting from malaria control 

towards eradication due to experience with effective interventions which include ACTs 

and anti-vector measures (World Health Organization 2007). 

The ability to generalize these approaches to female adolescent 

populations depends on understanding prevailing demographic, health and 

environmental conditions. Observational studies in public health are useful in 

measuring critical health parameters, but these always reflect specific population 

groups and often relate to groups with high health risk or exposures. This is why much 

emphasis in malaria research is given to children and pregnant women; hence the 

intermediate group of adolescents is often neglected. The adolescent population in this 

study was from a stable malaria transmission area in one of the poorest sub-Saharan 

countries with a predominantly agro-based economy. Low literacy and early 

motherhood were common in these adolescents from the lower Shire river valley, a 

situation which was not unusual for other parts of Malawi or sub-Saharan Africa. This 

is a highly vulnerable age group that is least understood due to paucity of health 

information on their burden of disease or health seeking behaviour. The setting in the 
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Shire valley could be considered comparable to many other parts of sub-Saharan 

Africa where malaria is holoendemic. 

In this study sample, two independent sanlples were plmmed and socio

demographic characteristics were mostly comparable in the two seasons although those 

seen in the dry season had a higher number of years of schooling which could be 

explained by the timing difference of the academic calendar. Although the cluster 

sampling design tries to minimize sampling error by using probability density 

sampling and ensuring a large sample size in this conm1Unity-based study, sampling 

error could still have occurred as evidenced by the higher proportion of 

postmenopausal participants in the dry than the wet season. Some sources of error 

could be due to non-random variability of some characteristics. This was observed 

with significant differences in AGLIT attendance between the two surveys reflecting 

the non-random village coverage of the AGLIT project and hence related to the 

vulnerability factors for access to education and illiteracy. 

This chapter aims to summarize the mam findings for public health 

practice and prioritize areas for future work. The findings presented in this thesis may 

assist in policy formulation for Adolescent Friendly Health Services (AFHS) and for 

interventions directly or indirectly related to malaria prevention and control before 

pregnancy. This discussion is presented in five sections corresponding to each of the 

study objectives. Each section considers (a) lessons learnt and conclusions, (b) 

implications for public health and (c) areas for future research. 

9.1 Health and nutritional status of adolescent females 

9.1.1 Lessons learnt and conclusions 
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Stunting and undernutrition were common amongst non-pregnant female 

adolescents in these poor rural communities of the Shire valley. Although comparison 

of seasonal variation in nutritional levels were limited by potential sampling error, 

seasonal variation in food availability and infection exposure could increase the risk of 

micro-nutrient deficiencies and anaemia as shown by the significant decrement in 

haemoglobin concentration during the wet season. Moderate or severe anaemia was 

not frequent, which could promote a perception of reasonable health in these 

adolescents, although the majority was anaemic prior to their first pregnancy. 

Participants who were illiterate and those who had an illiterate mother were more 

likely to be undernourished, and stunting was associated with increased risk for 

symptomatic malaria. This raises the issue of illiteracy as a proxy for poor health 

outcomes, or poor health seeking behaviour. The use of the NCIIS reference data for 

assessing anthropometric measures in African populations could lead to 

misclassification of adolescent nutritional status due to their delayed onset of puberty 

and differences in body fat composition and prolonged catch-up growth. 

9.1.2 Implications for public health 

Clinicians and other health workers attending adolescents need to be aware 

of the public health importance of chronic undernutrition throughout childhood. This 

encourages a more holistic approach to managing adolescent illness in order to lessen 

missed opportunities for alleviating adolescent-related health problems. The process of 

poor growth from the first three years of life is not easily reversed and generally 

persists unless nutritional status improves in early life (Martorell ef al. 1994). Hence 

recognition of malnutrition as an underlying risk factor for many illnesses in children 

in developing countries is emphasized by paediatricians (Allen & Lagunju 2007). 

Although maturation delay may be corrected by later catch-up growth, this period may 
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not be sufficient for it to be completed prior to the onset of the first pregnancy. For this 

reason these undernourished adolescents continue to experience slowed growth which 

can persist into early adulthood (Kalanda et al. 2006). 

9.1.3 Future research 

Anthropometric research is needed in order to improve descriptions of 

patterns of growth and nutrition in adolescent African populations (Butte et al. 2007). 

This would provide reference data for developing adolescent growth curves. Age

based guides for height or MUAC, which separate pre-menarcheal from post

menarcheal adolescents, would be important for standardization, as well as for 

identifying potential problems of undernutrition which require nutritional 

interventions. Height measurements below 145 to 150 centimetres can be used to 

measure of stunting and this approach has been used to screen for cephalo-pelvic 

disproportion in pregnancy. Improved adolescent screening methodologies related to 

puberty are required in order to identify particular risk groups to enable earlier 

interventions. 

The presence of nutritional deficiencies may be reflected not only in 

growth deficits but also in various manifestations of micronutrient deficiency. 

Randomized controlled trials are required to assess the benefits of pre-natal nutritional 

interventions such as fortified foods or multi-micronutrient supplements, in these 

nutritionally vulnerable adolescent populations. It is uncertain whether iron 

supplementation or food fortification in this pre-pregnancy age group would increase 

malaria risk when these young women experience their first preganancy, and specific 

randomized trials are required to address this. This is an important area for further 
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research as it is uncertain whether early gestational susceptibility to P. [alciparlllll 

malaria in primigravidae is altered by the mother's nutritional status. 

9.2 Prevalence of malaria infection in female adolescents 

9.2.1 Lessons learnt and conclusions 

Study participants were at risk of malaria, which was associated with 

anaemIa. Estimates of malaria parasitaemia prevalence showed an age-dependent 

decline with increasing chronological age. There was pubertal reversal of the trend of 

decreasing age-related malaria prevalence which suggests a reversal in the 

development of adult age-dependent immunity. This finding is consistent with the 

existing observational and biological evidence for the endocrine influence of puberty 

on malarial immunity. This is a subject that has been little studied and there is a 

scarcity of information on the influence of endocrine factors on malaria, and puberty 

changes are a good example of their potential importance. 

Malaria parasiteamia prevalence was associated with a lack of access to 

adequate preventive measures and low participant education. Symptomatic malaria, 

defined on the basis of measured fever and the presence of parasites on light 

microscopy was uncommon. Although the burden of malaria exposure reflected in 

rapid diagnostic positivity, which measured current and past parasitaemia (previous 2 

to 4 weeks) was much higher. Low paternal education and stunting were associated 

with increased prevalence of symptomatic malaria. This observation is a reflection of 

poverty, poor nutrition and poorer access to public health interventions or health 

services in this population group. 
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9.2.2 Implications for public health 

Pubertal influences on the susceptibility of malaria infection and related 

acquisition of immunity underscore the importance of hormonal influences on malaria 

infection. Improved understanding of this phenomenon would help determine how 

malaria immunity continues to develop beyond childhood. Knowledge of pre

pregnancy malaria in adolescents is important for improved targeting and timing of 

interventions in order to reduce malaria-related complications of pregnancy. This is 

relevant for the evaluation of malaria vaccines targeted at reducing malaria risk in 

pregnancy, which are under development and are based on immunization against 

V AR2 CSA antigens associated with placental malaria parasite sequestration. Non

pregnant adolescents are likely to be the target group for these immunization 

programmes should an efficacious vaccine be developed. The adolescent age for 

timing such vaccination and the influence of puberty on vaccine responses is 

animprotant consideration. 

The presence of parasites at sub-clinical levels IS important 

immunologically, but is not without complications such as anaemia. With scaling up 

of interventions for malaria prevention such as the use of ITNs (Killeen ef al. 2008) 

and promising use of potential vaccines (Greenwood ef al. 2008), the epidemiology of 

malaria infection in adolescents will change, highlighting the importance of some form 

of monitoring and surveillance in this age group. The consistent use of insecticide 

treated bed nets in younger children may lead to lower levels of age dependent malaria 

immunity in older children and adolescents leading to increased risk patterns for 

infection and disease in adolescence. 
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9.2.3 Future research 

The value of documenting gynaecological age in relation to altered malaria 

infection risk in adolescents or pregnancy should be confirmed. This could influence 

parity-specific risk in primigravidae as early adolescent pregnancies may present with 

the combined risk of puberty and pregnancy. With application of gynaecological age, 

pre-menarcheal adolescents all fall into one sub-group. Conversely, Tanner breast 

staging separates out pre-menarcheal adolescents, but tends to group post-menarcheal 

adolescents into two groups as onset of menses corresponds to both B4 and B5 Tanner 

stages. A method to combine these categories to allow an extension of the existing 

demarcations of prepubertal, pubertal and post-pubertal categories would be 

preferable. Identification and validation of such a combined measure would be 

required and this could provide a non-invasive clinical indicator, which could be used 

where physiological measurement of hormones such as DHEAS was not possible. 

9.3 ITN access and utilisation 

9.3.1 Lessons learnt and conclusions 

ITN scale up interventions in the malaria programme in this study area 

have successfully led to high household ITN coverage which has ensured ITN access 

to at least half of the adolescent females surveyed even though they are not a current 

priority group according to prevailing policy. ITN access was significantly associated 

with maternal literacy, gynaecological age and marital stahlS. However, access was 

lower during mid-adolescence, which corresponded to the period of pubertal influence 

on malarial immunity, a time when ITNs could provide the necessary prevention from 

malaria infection. Use of the ITNs was low and varied by season, which is an 

important challenge for many ITN implementation programmes. This was evident 

possibly because ITN access and use in these adolescents was not translated into 
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significant improvements in malaria prevalence which would promote better coverage 

and more frequent adherence. Nevertheless, availability of an ITN in the household 

was associated with reduced malaria parasite prevalence, which reflected the 

importance of the communal benefits oflTNs. 

9.3.2 Implications for public health 

These findings support the need for enhanced promotion in order to 

increase coverage and use in this risk group with potential personal and communal 

gains. This should complement the current policy of prioritizing young children and 

pregnant women. Change of current policy to one that is equitable to adolescents is 

required, which raises the issues of distribution mechanisms, cost and the issue of 

subsidies for implementation outside of antenatal clinics. Various innovations in 

delivering ITNs through the public or private or hybrid-combined approaches co-exist 

in varied settings. Improving correct utilization of ITNs that are already available in 

communities requires a multi-pronged approach. This is linked to poverty reduction, 

for example, through education and economic empowerment. Adolescents are an ideal 

target group for such interventions especially by provision of Adolescent Friendly 

Health Services (AFHS). 

9.3.3 Future research 

Trials of AFHS servIce packages focusing on preventing malaria and 

related infectious diseases are needed to provide better understanding and in order to 

develop strategies for ITN delivery to this group. These might be combined with 

sexual health strategies, targeted immunization (e.g. with tetanus or human papilloma 

virus vaccines) and food fortification or supplementation. 
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9.4 Malaria self-treatment practices 

9.4.1 Lessons learnt and conclusions 

These adolescents frequently self-treated for presumed malaria infection, 

which could potentially contribute to substantial inadvertent antimalarial dmg 

exposures in early pregnancy, an issue of vital importance especially with more 

widespread access of ACTs. Anti-malarial self-treatment was significantly associated 

with increasing maturity, improved literacy and symptomatic malaria. Although the 

estimates are limited by the small sample size, they nevertheless indicate that the 

evidence for exposure to anti-malarials during early pregnancy is a cause for concern 

and they provide the first estimates for first trimester exposure from a community as 

opposed to health facility based surveys. Modelling suggests that the probability an 

embryo will encounter artemisinins during the critical six-week period (at week four to 

week ten of gestation) through accidental exposure is 12% for areas where adults 

receive on average one treatment with three days of artemisinin-based combination 

therapy per year(Dellicour et al. 2008). This exposure estimate includes treatment of 

confirmed and presumed malaria. 

Adolescent-friendly strategies to improve malaria seeking behaviour in 

malaria endemic areas during the pre-pregnancy period are required to facilitate 

improved understanding and use of anti-malarials. The issue also arises whether young 

adolescents with delayed menstrual periods should not be treated with ACTs, or even 

whether pregnancy testing should be more widely available prior to treatments. The 

adolescents readily accepted pregnancy testing in these surveys and compl iance was 

not an issue so long as confidentiality was assured. Greater use of pregnancy testing 

may be feasible in adolescent girls although currently it is infrequently done. There use 

should be considered before treating uncomplicated malaria in girls who may be in 
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early pregnancy. Quinine may be the preferred choice in these circumstances until 

further trial data is available on the safety of artemisinin combination therapy in 

pregnancy. 

9.4.2 Implications for public health 

In the face of limited data on drug safety of ACTs in pregnancy especially 

in the first trimester, antimalarial self-treatment is potentially dangerous. Although 

accessibility of anti-malarial drugs within communities ensures prompt treatment of 

suspected malaria infections, mis-diagnosis and inadequate treatment are inevitable. 

This has an impact on the development of drug resistance, treatment costs and possible 

influences in the clinical presentation of malarial illness when partially treated. 

Improving access to health services and more positive health seeking behaviour should 

reduce incorrect treatments. 

9.4.3 Future research 

Further research into patterns of treatment behaviour by adolescents is 

needed particularly where policy has changed to first-line treatment with ACTs. Risk 

assessment tools for potential pregnancy in adolescent girls seeking treatment for 

malaria need to be developed. Trials of interventions aimed at reducing self-treatment 

and other inappropriate treatment seeking behaviour as well as enhancing good 

treatment seeking practices would provide valuable information. 

9.5 Adolescent health literacy 

9.5.1 Lessons learnt and conclusions 

Improving adolescent health literacy in vulnerable out of school girls was 

effective for improving knowledge and behaviour related to malaria prevention and 

control prior to pregnancy. This shows the importance of health literacy and not just 
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education in bringing about public health gains. Absenteeism from classes posed a 

challenge. While regular attendees achieved better basic literacy, conversely, poor 

improvement in malaria knowledge was significantly associated with poor literacy 

attainment. Before commencement of classes, poor knowledge of malaria-related 

issues was best predicted by young age and having an illiterate mother. Maternal 

experience was also a good 'teacher' as evidenced by the improved malaria knowledge 

of married adolescents. Experience of malaria or related issues can be obtained at 

individual, peer or community level. Acquisition of malaria knowledge through health 

literacy combines all these approaches and re-enforces the competence of these young 

people. 

9.5.2 Implications for public health 

Success of such a programme relies on community willingness to 

participate and not the girls alone. This study offers evidence of an out-of-school 

strategy which was successful in providing health literacy to adolescent girls, thereby 

empowering them for motherhood and improving health seeking behaviours related to 

malaria control. Improving access to formal education for girls still remains a priority. 

However, the parallel development of functional health literacy for out-of-school girls 

is important for improving health outcomes in a higher risk group. 

9.5.3 Future research 

Innovative approaches to attract and sustain girls' attendance in literacy 

programmes such as the AGLIT require further research. This would enable girls who 

are irregular attendees to benefit more from this health literacy strategy. Replication of 

adolescent health literacy programmes in other settings would provide a broader 
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understanding of the role of this approach, which has its greatest relevance in regions 

with high illiteracy rates and poor school attendance. 

9.6 Summary of outcome measures and associated factors 

The summary of the multi-variate factor analyses shows ten participant 

characteristics that were associated with one or more of the outcomes measured (Table 

9.1). This highlights the inter-connection of these factors and their varied associations 

with the prevalence of malaria, or knowledge related to it, in this population. For 

example, season of survey was significantly associated with low height-for-age z

scores, low MUAC-for age, the use of ITNs, and the prevalence of malaria 

parasitaemia. Stunting was also associated with symptomatic malaria. The association 

of these factors to the individual as well as in the community is complex and inter

related. The number of significant associations provides a cogent argument for 

promoting improved strategies for malaria control in adolescent girls. Greater attention 

to this risk group should have long-term consequences not only for the individual, but 

for the future mother and her children. 
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Table 9.1: Summary of multivariate factor analyses in the rural adolescent female surveys 

HAl BMI·Z 
Low MUAC· Malaria 

ITN access ITN use Malaria Symptomatic Anti·malarial 
FA knowledge parasitaemia malaria self·treatment 

Co-variate 

Season nfa nfa nfa nfa nfa 
2.04 ...... 

nfa nfa nfa 
(ref Dry) (1.58, 2.63) 

Age (yrs), 1.49" :j: 0.92 " 0.93 .. 
ascending (1.05, 2.13) (0.87, 0.97) (0.86, 0.98) 

Gynaecol. age 2.03 "" ¥ 1.29 **" 0.63 " 0.65 ~ 1.51 """ 
(1.28,3.17) (1.19,1.41) (0.40, 0.98) (0.40, 1.01) (1.18,1.93) 

Participant 1.65 "" 1.12 "** 1.10 "t 
education (1.12, 2.43) (1.06,1.18) (1.02, 1.20) 

Maternal 1.19 " 6.44" :j: 1.06 " 
education 1l (0.99,1.43) (1.25,33.12) (1.01,1.12) 

Paternal 0.88 ** 0.83 ** 
education (0.80,0.9) (0.74,0.94) 

Unmarried (ref {3.59 * § 0.27 ** 
married) (1.21,10.67)} (0.10, 0.73) 

Symptomatic 6.57 ** 
malaria (1.85, 23.37) 

Values are adjusted PRR except AOR for malaria knowledge column, brackets are 95 % CI; p-values are * <0.05, ** <0.01 and " .. <0.001 except ~ which means borderline statistical 
significance; nfa in season row means not applicable because PRRs were adjusted for seasonal effect except under ITN use; ,maternal education is years of schooling except under malaria 
knowledge column it is maternal illiteracy (<4 years schooling) compared to literacy (?: 4 years schooling); t unmarried participants only; § married participants only; {} is has children; ¥ 
postmenarche compared to premenarche; t literacy score as continuous variable. 
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Appendix 1: List of survey villages 

No. Village name Dry season Wet season 

1 Bestala ..J ..J 

2 Chabuka ..J 

3 Chapepa 

4 Chigweshe 

5 Chipakuza 

6 Dzilonzo ..J 

7 Joliji ..J 

8 Kutulo I ..J ..J 

9 Kutulo" ..J ..J 

10 Lunkhwe ..J 

11 Mafale1 ..J 

12 Mafale2 ..J 

13 Malemia1 ..J 

14 Malemia2 ..J 

15 Matsukambiya ..J 

16 Mpoza ..J 

17 Msanjama ..J 

18 Mzangaya ..J 

19 Nkhwazi ..J 

20 Nyamphota ..J 

21 Paiva ..J 

22 Pangiresi ..J ..J 

23 Robert ..J 

24 Salabeni ..J 

25 Sekeni I ..J 

26 Sekeni" ..J 

27 Thomu ..J 

28 Tizola I ..J 

29 Tizola" ..J 

11 



Appendix 2: Cross-sectional survey questionnaire 

_ -il-- - -il-- - -il- - - -il- - - -il-- --il- - --il- - --il- - --il- - --li- - --li- - --li--

1. Identification 

Code no. Cluster no. 

Village name (mudzi) T / A (mfumu yayikulu) 

Interviewer initials Date 

Name of participant 

(Dzina la mtsikana) 
Consent given B 

Yes 
No 

__ IjI ____ • ____ • ____ tit ____ • ____ IiI ____ • ____ • ____ • ____ • ____ ._---.;--

2. Individual characteristics 

Age [ 
(zaka) L-_-'-----' 

(96 if unknown, lembani 96 ngati sakudzowa zaka) 

If unkno\\n, estimated age group: 0 
[I] = young adolescent -~nder I? years, [2] = ~I~er adolescent -15 years and a~ove . 
(ngati sakudziwa zaka,lembam [I] ngall muyerekeza kUII ndt wa zaka zochepera 15 ndtpo lembant [2] ngatt mukuyerekezera 
kuti ndi wa zaka 15 kapena kuposera apo) 

Education level 
(Iembani kalasi imene anasiyira sukulu) 
(highest std 0 I - 08; for Form 1 -4: 09-12; 13 if post-secondary) 

Involvement in AGLIT programme: 
(lembani eya kapena ayi ngati napanga nawo kalasi za AGLlT) 

Marital status: 
Never married (sanakwatiwepo) 

Married (okwatiwa) 
Cohabiting (kukhala limodzi ndi mamuna) 
Separated!divorced(analekana ukwati) 
No reply (sanayankhe) 

Yes 
No 

If married! cohabiting (ngati ndi wokwatiwa kapena kukhala limodzi ndi mwamuna), 
Spouse/ partner's age: DO 
(96 if unknown) 
(zaka za mwamuna wawo (Iembani 96 ngati sakuzidziwa) 

Spouse/ partner's education level: DO 

B 

(96 if unknown) (highest std 01 - 08; for Form 1 -4: 09-12, 13 if post-secondary) 
(Iembani kalasi yomwe mwamunayo anasiyira sukulu) 

III 



Main occupation: 
(chochita cha mtsikana) 

Spouse/ partner's occupation, if married 
(chochita cha mwamuna wawo) 

Ganyu 
Farming (ulimi) 
SUCOMA 
Tradespersonl business (geni) 
Civil servant (ntchito yaboma) 
Student (ali pa sukulu) 
Other (zina) 

Have you earned any cash income in the past one year? 
(Kodi mwapezako ndalama munjira in i1iyonse chaka chapitachi) 

Yes El 
No 

Estimated amount (in kwachas) earned in one year (July 2004 to June 2005): K 
(Insert zero - 0 ifno income) 
(tchulani kuchuluka kwa ndalama zorn we munapata chaka chapitachi mmakwacha) 

When was the last time that you earned some cash income (kodi ndi liti munapezako nd'llama 

komaliza)? 
Currently earning (ndikupeza pakali pano) 
In the past 1 to 4 weeks (sabata imodzi mpaka zinayi zapitazi) 
In the past 1 to 3 months (mwezi mpaka miyezi itatu yapitayi) 
In the past 3 to 6 months (papita miyezi itatu mpaka isanu ndi umodzi ) 
In the past 6 to 12 months (pap ita miyezi isanu ndi umodzi mpaka chaka) 
More than 12 months ago (pap ita chaka kapena kuposerapo) 
Not earning 

Frequency of cash income (choose one option that best describes): 
[I] regular income (i.e. continuous form of income earning activity), [2] irregular income (e.g. 
seasonal, one-oft), [3] no income 

- -+-- - -,--- -+- - - -+- - - -+-- --+-- --+- - --+- - --+- - --+- - --+- - --+--

3. Household characteristics 

Dwelling rooftype: 
(Denga la nyumba) 

corrugated iron (yamalata) 
grass thatched (Iamaudzu) 
not known (sakudziwa) 

Number of rOOmS(nambala ya zipinda mnyumba) 

Water source: 
(kotunga madzi) 

Well (kuchitsime) 
River (kumtsinje) 
Borehole (kumnjigo) 
Piped/ tap (pampope) 
Not known (sakudziwa) 

Fathers & mothers education level: Father (bamboo) 
(kalasi yomwe anafika makolo) 
(96 if unknown) 

lV 

§ 
D 

Mother (mayi) 



(highest std 01-08; for Form 1 -4: 09-12, 
13 if post-secondary) 

Fathers & mothers main occupation: 
(nlchilO ya makolo) 

Father (bamboo) Mother (mayi) 

Ganyu 
Farming (ulimi) 
SUCOMA 
Trad1sperson/ business (geni) 
Civil servant (ntchito yaboma) 
Seeking employment (akufuna nlchilO) 
Other (zina) 

_ -li-- - -li-- - -li- - - -li- - - -li-- --li- - --li- - --il- - --il- - --li- - --il- - --il--

4. Health data 

Do you smoke any of these? (Kodi mumasula fodya walchulidwayu?) (1 = yes, 2 = No) 
commercial tobacco (fodya wogula) § 
chingambwe 
ganja 
other (specify) ............. . 

If yes to any of the above, how often? 0 
(ngali mwayankha kuti eya, fOlokozerani kuti pafupipafupi bwanji) 
[I] = every day (Isiku Iililonse), [2] = more than once a week (kuposera kamodzi pa sabala), [3] = once or less 
than once a week kapodzi kapena kuchepela pamodzi pa sabalal 

Do you drink any alcohol? Yes D 
(Kodi mumwama mowa) 

1: 1 Medical history: 

Do you have a health passport? Yes D 
(Muli ndi bukhu la kuchipalala) 

No D 

No D 

Do you suffer or have you ever suffered from any of these conditions? 
(Kodi mumadwala kapena munadwalapo malenda awa?) 
TB (chifuwa chachikulul Yes D Diabetes (malenda a suga) Yes 

No D No 

Asthma (mphumu) Yes 
No 

Hypertension Yes 
(malenda Olhamanga magazi) No 

Urinary tract infection: Yes 
(malenda a mmikodzo) No 

D 
D 

D 
0 

D 
D 

STDs Yes 
(matenda opatsirana muchiwerewerelNo 

Sickle cell 
(malenda a siko selo) 

Yes 
No 

Other (specify) (matenda ena) 

Have you ever been tested or counselled for HIV? Yes D 
(Kodi munayamba mwayezedwapo kapena kulandira uphungu wa kachirombo ka HIV) No D 

v 

D 
D 

D 
D 

D 
D 



Have you ever had immunisation against tetanus (TTV) 
(Kodi munalandirako katemera woletsa matenda a kafumbatal 

4.2 History of illness: 

Did you have any fever in the past 3 days? 
(Kodi mukumva kutentha thupi panopo kapena masiku atatu apitawo) 

Yes 
No 

Yes 
No 

D 
D 

If yes (ngati eya), 

Did you take any medication for the fever? Yes D 
(Kodi munamwapo mankhwala ena aliwonse) No D 

What illness do you think you had? 
(Kodi mukuwona ngati mukudwala chiyani?) 

D 
D 

What medication (please tick all that apply) (ngati mwamwa mankhwala, tchulani): 

Aspirin 
Paracetamol/ Panado 
SP (Fansidar, Novidar) 
Quinine 
Chloroquine 
Halfan 
Bactrim 
Traditional (achikuda) 

Artesunate/ artemisinin 
Other (specify) (ena) 

D 
D 
D 
D 
D 
D 
D 
D 
D 

Sources of medication (please tick) (Tchulani komwe muapeza chithandizo cha ndalama): 

Health facility (kuchipatala) D 
Village grocer (kugolosale) D 
Vendor (kwa mavenda) D 
Friends/ relatives (anzanga/ abale) D 
Other (specify) (kwina) ................... . 

Are you ill currently/ history of any current illness? Yes D 
(Panopo mukudwala matenda ena aliwonse) No D 

Specify illness (tchulani matendawo): 

If yes (ngati eya), 

have you seen a doctor or nurse for the illness? 
(munakawonana ndi adotolo kapena anamwino) 

1.:3 Gynaecological 

Have you started having periods? 
(Kodi munatha mnsinkhul munakula chinamwali) 

Yes 
No 

VI 

D 
D 

Yes 
No 

D 
D 

If no, why not? 
(Ngati ayi, chifukwa chiyani?) 



If yes, at what age did you start having periods? (ngati eya, muli ndi zaka zingatj?) 

Age at menarche (zaka zothera mnsinkhu) 00 
Insert actual number of years and put 0.5 if less than I yr 
(96 if unknown) 

If unknown, estimated years since menarche: D 
(Ngati sakudziwa, funsani mafunso othandiza kuyerezezera zakazo) 
Insert actual number of years and put 0.5 if less than I yr 

FOR GIRLS OVER 15 ONLY: 

In your village, say out of 10 girls, how many do you think would have ever been 
pregnant: (Kodi kuyerekeza mwa atsikana 10, mukuganiza kuti ndi angati anakhalapo ndipakati? 

(a) Before age 15 (asanakwanezaka 15?) 

(b) 15-19 years of age (a zaka 15 koma asanafike zaka 20?) 

In your village, say out of 10 girls, how many do you think would have ever had an 
abortion? (Kodi kuyerekeza mwa atsikana 10, mUkuganiza kuti ndi angati anayamba apitapo padera kapcna kuchotsa 

mamba) 

Are you currently pregnant? 
(Kodi ndinu oyembckezera panopo?) 

Yes 
No 

If YES, proceed with 4.3.1 and if NO, skip 4.3.1 

o 
o 

(Ngati ndi woyembekezera, pitilizani 4.3.1 ndipo ngati siwoyembekezera mudumphe 4.3.1) 

-1.3.1 Obstetric history 

FOR PREGNANT WOMEN ONLY 

Do you have a health passport or antenatal card? Yes 0 
(Kodi muli ndi kadi yasikelo?) No 0 
(If available check information for some of the questions below) (ngati ali nayo, mupezcmo 
mayankho ku mafunso ena ali mmusiwa) 

Gravida: 0 Para: D 

When was your last menstrual period (LNMP): --I --I ---- Gestation (weeks) 
(Kodi muzasamba liti komaliza, kusamba kwake kwabwino ngati kwa masiku onse) 

Is this your first pregnancy? Yes D 
(Kodi ndi mamba yoyamba) No D 

Have you taken any antimalarial drugs during this pregnancy? 
(Kodi munamwapo mankhwala a malungo mamba imeneyi?) 

If yes, how many times have you taken antimalarial drugs? 0 
[0] = none and [#] insert number 
(Ngati eya, mwamwa kangatl?) 

Are you well in your current pregnancy? 
(Muli ndi umoyo wabwino chitengereni pathupipa') 

vii 

Yes 
No 

o o 

Yes 
No 

D 
o 



If NO, please specify illness 
(Ngati ayi, nenani matendawa) 

Do you think you have had malaria since you became pregnant? Yes D 
(Kodi mukuwona ngati mwadwalapo malungo chilengereni palhupipa?) No D 
__ • ___ -li-- - -li- - - -.- - - -.----.- - --li- - --li- - --li- - --li- - --li- - --li--

5. Mosquito nets: 

How many mosquito nets are there in your home/ dwelling unit? D 
(Kodi kunyumba kwanu kulli masikito neli angatj?) 

What are the (estimated) costs of the following to the nearest kwacha? (Iachulani milcngo ya 

zinthu izi? 
Mosquito net (masikilO neli) 

Treatment! re-treatment (kunyika neli mmankhwala) 

Do you have a mosquito net over your sleeping place/ mat! bed? Yes D 
(Kodi muli ndi masikilO neli pamalo/ pabedi pomwe mumagona?) No D 

If yes, how did you acquire the net? (Ngali eya, kodi munapeza bwanji neliyi?) 0 
[1] health centre/ clinic/ hospital (kuchipalalal kukiliniki) 

[2] shop (kushopu) 

[3] AGLIT 
[4] NGO; specify 
[5] other source, specify 
[6] not applicable 

After how long is a mosquito net supposed to be treated or re-treated? 0 
(Kodi masikilO neti mumanyika mumankhwala palatha nthawi yayilali bwanji?) 
[I] = 6 Or 12 months (miyezi 6112), [2] = all wrong answers (mayankho ena onse), [3] = don't know (sakudziwa) 

Who mends your net? (Kodi amakonza neli yanu ikawonongeka ndi ndani?) 0 
[I] = self (ndekha), [2] = sp~use/ partner ~wamuna), [3] = parent (kholo), [4] = siblings, [5] = friends/ peers 
(anzanga), [6] = other, specify (ena, tchulant) 

If yes (ngati eya), 

how many nights per week do you sleep under the net? 
(kodi ndi masiku angati pasabata omwe mumagona mu netiyi'?) 

did you sleep under a mosquito net last night? Yes 0 
(kodi munagona mu neli usiku wathawu?) No 0 

If no (ngali ayi), 

why do you not use the mosquito net? 
(kodi ndi chifukwa chiyani simugona mu neti?) 

would you use a mosquito net if you could afford to buy one? Yes o 
(Kodi kapena mutakhala nayo neti, mungagonemo? No D 
Why (or why not)? .................................................................... .. 
(Chifukwa chiyani?) 

Do other people in your bedroom use a mosquito net? 
(Kodi anlhu ena a muchipinda chomwe mumagonamo amagona mu neti?) 

viii 

Yes 
No 

o 
D 



If yes, has it ever been treated and how long ago was it if treated? 0 
(Ngati eya, kodi netiyo inanyikidwapo mmankhwala, ndipo lilj?) 
[1] = never treated (sinanyikidwepo), [2] = treated in the past 3 months (mmiyezi ilalu yapilayi), [3] = treated in 
the past 3- 6 months mmiyezi itatu mpaka 6 yapitayi), [4] treated more than 6 months ago (kuposera 
miyezi 6) [5] = don't know (sakudziwa) 

Do you use of any other vector control measures? (tick those that apply) 
(Kodi mumagwiritsapo nlchilO njira zoletezera udzudzu izi, muchonge zonse zomwe alchula) 
Coils (makoilo) 0 Traditional methods 0 
Body repellents 0 Other (specify) 
Sprays e.g. Doom 0 

_-li----li----lil----li----lil----lil----lil----lil----lil----li----li----li--

6. Physical examination 

General: healthy looking Dill-looking D 
Temperature: Conjunctiva pallor: Yes D 

No D 

Height (cms) Weight(nearest 0.1 kg) 
Mid-upper arm circumference (mm) 

Breast development examination: 
Description: ........................................................................... . 
Tanner stage: 10 20 3D 40 50 

IF PREGNANT: Abdominal examination: fundal height (weeks) 

_-li----li----li----li----li----il----il----il----li----li----li----il--

Literacy tests 

Attendance at AGLIT classes (Kodi munapangako makalasi a AGLlT?)? Yes 0 No o 
If yes, which year? (ngali eya, ndi chaka chili?) 0 

[0] = no AGLIT attendance, [I] = 2005 i.e current, [2] = 2004, [3] = 2003, [4] = 2002 

Can you recognise these (Kodi mungathe kuzizindikira izi?) (tick those that participant can read) 

b 0 u 0 9 0 
h 0 a 0 e 0 
Can you please read the following (Kodi mungalhe kuwerenga izi?) (tick those that participant 
can read): 

MalungoD 
Ofesi 0 

Mafuta 
Madzi 

Can you please copy the following: 
(mukupemphedwa kukopera izi'l) 

lX 

o o 
Kondomu 0 



Kalata: 

__ ._- --li----.-- --.-- --.----li----.-- --.----.-- --.-- --.----li--

Specimen collection 

Rapid malaria test done: 

Rapid malaria test result: 

Blood smear done: 

Urine collected 

Urine bloody 

Hb done: 

Yes 0 
No 0, specify why not: .......................... . 

Positive 
Negative 

Yes 0 

o o 

No 0, specify why not: ............................ .. 

Yes 0 
No 0, specify why not: .......................... . 

Yes 0 NoO 

Yes 0, please insert figure in g/dl 
No 0, specify why not: .......................... . 

Treatment for anaemia (Iron) Yes 0 
No 0 
Not applicable 0 

Treatment for malaria (sulfadoxine-pyimethamine) Yes 0 
No 0 

Treatment for birharzia (praziquantel) 

Not applicable 0 

Yes 0 
No 0 
Not applicable D 

_ -li-- - -li-- - -li- - - -li- - - -li-- --li- - --li- - --li- - --li- - --li- - --li- - --li--

Ndikulolal ndikukana kupanga nawo kafukufukuyu 

Dzina: 

Kusayinal Chidindo ............................. . 

Tsiku: 

x 



Appendix 3: Information at village level 

Kufotokozera za kafukufuku kwa anthu kumudzi 

Moni a mfumu pamodzi ndi nduna zanu, amayi ndi abambo, anyamata ndi asungwana 

ndi ena nonse muli pano. Cholinga cha kafukufukuyu ameneyu tikufuna ndikufuna 

kudziwa zambiri za matenda a malungo mwa atsikana oyambira zaka khumi mpakana 

zaka khumi ndi mphambu zisanu ndi zinayi. Tikufuna kudziwitsitsa mom we matenda 

a malungowa amakhalira mthupi ndinso kudziwa momwe ndingawachepetsele, 

makamaka atsikana asanayambe kuchembeza. Pa chifukwa ichi, kafukufukuyu 

akhudza atsikana aang'ono, anamwali, achembere, atsikana osakwatiwa ndiponso 

amayi apabanja omwe ali a msikhu wochepera. Tikupanga kafukufukuyu mmidzi 

yowerengeka ku m'mboma lino la Chikwawa. Tidzakhala tikufunsa mafunso 

osiyanasiyana okhudza kunyumba kwathu, za umoyo makamaka zokhudza matenda a 

malungo. Moonjezera, adzakhala akupimidwa mthupi, kutenga magazi oyezera 

malungo monga momwe apangira ku chipatala tikadwala malungo, ndiponso 

kuyezedwa mikodzo. Zopima malungo tidzipimira mmidzi mommo ndipo zotsatira 

tidziwadziwitsa nthawi yomweyo ndipo zina tidzikapimira ku chipatala 

ndikubweretsa zotsatira patatha masiku angapo. Atsikana akavomera kukhala nawo 

mukafukufukuyu, tidzawapempha kusayina kapena kudinda kusonyeza chilolezo. 

Kutenga mbali mu kafukufukuyu sikowumilizidwa chifukwa palibe mphoto kapena 

cholowa chake, kungoti amene adzipezeka ndimatenda a malungo tikhoza kuwapatsa 

mankhwala konkuno koma matenda. Kafukufukuyu ali pa nyengo ziwiri, nyengo 

yopanda mvula pomwe malungo amakhala ochepera ndiponso nyengo ya mvula 

pomwe malungowa amakhala ochulukirapo. Midzi yoti tiyendemo timasankha monga 

ngati mwa lotale kotero pakhoza kupezeka midzi yoti yayanderedwa nyengo imodzi 

yokha kapena nyengo zonse. 

Xl 



Appendix 4: Consent form at village level 

Kutenga chilolezo cha kafukufuku kwa atsikanal azimayi (consent form at village 

level for community-based cross sectional survey) 

Moni. Tikupanga kafukufuku wokhudzanan ndi maphunziro anga. Cholinga cha 

kafukufukuyu ameneyu tikufuna ndikufuna kudziwa zambiri za matenda a malungo 

mwa atsikana oyambira zaka khumi mpakana zaka khumi ndi mphambu zisanu ndi 

zinayi. Tidzakhala tikufuna kudziwa za mbiri yanu yokhudzana ndi za umoyo, 

makamaka zokhudza malungo. Tidzikuyesani makamakanso pa chifuwa ndi 

pamimba. Tikupemphani kupereka magazi a pachal a kuti tikayese ngati muli ndi 

malungo ndinso magazi okwanira, ndinso mikodzo. Zotsatira za zoyesa zones 

tidzakudziwitsani ndipo ngati tingapeze kuti muli ndi malungo kapena kuperewera 

magazi mthupi tikupatsani mankhwala moyenerera. Kulola kukhala nawo mu 

kafukufukuyu zilibe malipiro an ndalama kapena zinthu. Mukalola kukhala nawo mu 

kafukufukuyu tikupemphani kusayina kapena kudinda kusonyeza kulola kwanu. Muli 

omasuka kulola kapena ayi ndipo zomwe mutasankhe sizikhudza momwe 

mungathandizidwile ndi anthu achipatala kwanu kuno. Mukhalenso omasuka kufunsa 

mafunso kuti mumvetse bwino. 

Ndikulolal ndikukana kupanga kafukufukuyu 

Dzina: 

Kusayinal Chidindo ............................. . 

Tsiku: 

xu 



Appendix 5: Pictures of Tanner breast stages 

II Stage One II 
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Appendix 6: AGLIT enrolment survey form 
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t£nroliMnt assessmrnt sun'rJ fonn -JUjl." - 'Ot'tmlier 2002 

Assessment survey of adolescents girls literacy project (A GUT) 
Enrolment form - March 2003 

Dzina 10 mtsikono 
t-Mudzi 
- Date of interview 

- Dzina longo 

Tsiku lobadwa Mtundu 

Makolo Ali moyo Maphunziro Mpaka kalasi iti? 
f····· .. ······ .. ·················· .. · .. · .. ······ .. ·········-.......... _ .......................................................................................................................................................... .. ............................... ... .. ................ ··············· ...... ····1 

I Mayi D D rn l 
I I 
\ Bambo D D rn l t ..... --... ~.--.. -....... -.. - ..... -.. ---.. -.. ------.... -.................. 40 ............... •••••••••• • ••• .. •••••••••• .... . ................................ . ....... . ..... . ............... . . . . . .. . ................ . ... .. .. . ............... . ............ . ................. . ...................... ; 

Wachingati mbanja 

Nambala ya azichimwene rn azichemwali 

Ali pabanja muli nokhaD ndinu wamasiye D munalekana ukwati D 

Ali ndi ana angati rn 
Inde Ayi 

MoyO wa sukulu Unapitapo kusukulu D D Mpaka kalasi iti? rn 
Mbiri ya umoyo wawo 
Mwadwalapo kangati matenda otsatirawa pa miyezi itatu yapitayi? 

Mwadwalapo kangati matenda otsatirawa mwezi wapitawu? In th" lost month? 

l .... · .......... · .. · .......... · .................. ·· .......... ·· .... ·· ........ · ...... · .... ·· .... ··· .... ···· .... ·· .... ·· ...... ·· .... ···· .. ·· .. ·· ·· · · ·M·~tad;ai'a···;;:;·~~a ·p .. Tta .. k·~d~Tp .. ·atai'a .. k·a·p .. ·e~a .. k~~a .. s ·i;~ ·~·;a·~~·a·? .... · ...... · .. · .. · ...... ·l 
,. ::> ::> . , 

~ Inde Ayt (tlllle,) Inde Ayi Inde Ayi Inde Ayi i 
; I 

I Malungo D D rn kueh~patalaD 0 Sing'anga?O 0 'ndekha* 0 O ! 
~ (Malaria) hospltol/eh healer own i 

i K"t.ok"lo m'm;mbo 0 0 rn ku<hipatol'D 0 sing 'anga? 0 0 'dokh' 0 0 1 
:.

1 ... (Diarrhoea) hospitQl/eli healer own I 
• munazichiza nokha?! 

~ • • rr ••••• ••••••••••••••••••••••••••••••• • ••••••• • •••• .................................................................... . .................................................... . ......................... . ...... . . . .... . .. . . . ...... . ............................. . .................................... .......... . ............... . .. ; 

Musanapite kuchipatala china chimene munapanga ndi chiyani? 
(before lIolnll"'" hospl,"l .. hI, else did yoo do' ----------



r£nro(mLnt asussmrnt SUft'ty fonn -_~q['fT - 7V01'tm6tr ZOOZ 

~~:;?;~~:n:;~ z::::::=~:~~~~-~;~~~~~:~: ;~:==:;-- --- - -- -D'~:~i --AD1- ;; 11 
~ ( NO her clothes clun') I 
i Wapesa tsitsi? D D! 
! ( ls herd~r comkbed') k athanzl'? D D i 
i Ko I a uone a w . !.:"" 

i Dod she look healthy? D D 
! Ngati akudwala, lembani zizindikiro za matendawo i 

" ..... __ .. ____ ....... _ ................................................................................. ......................................................... ... ..................... .......................... .. .............. .. ... .............. i 

pper Arm Circumference (cms) 
L-------.... ---.. - .... --.................................................................................................................................................................................................................................................... , 

Health knowledge 

Water 
Kod i kumwa madzi a mumtsinje kungabweretse bvuto lina lililonse? 
I.S .t posSIble to get d Iseases from dronk.ng watV' from ther.yer? 

N ati alipo ndi ati? (Iembani zina zomwe a tchula) 
Cho~n. (-I) yonkho IoperekedwCl. Ndlpo lembon. yankho lomwe laperekedwa kama s ilinalembedwe mbokosimu 

Kutsegula m/mimba (dIarrhoea) 

Kolera 

Malungo 

Kamwazi (dysentery) 

Inde Ayi DK 

DOD 

D 
D 
D 
D 

Breast feeding Inde Ayi DK 
Kodi ndibwino kuyamwitsa mwana mkaka woyambirira (wachikasu oneka wa madzi) akangobadwa? 
(Should yOU gh e ~310st~m?) (translated a the yellow and watery milk) 0 0 0 
Ch ifukwa chlyanl ("'hy~) _ .... __ . __ ._ ........... _._--_ .•.•...... __ ...........•....................... _ ............... ..................................................................................................................... ~ 

r-"":::. 

- l!:. 

~ .---_ .. ----------_ .. _ .. _--_ .. -_ ............................................................... , ...................................................................................................................................... " .................. , 

Kodi mwana ayenera kuyamba kudya phala ali ndi miyenzi ingati? 
In what month should you fi~t give a baby porridge?) 

Kodi mwana ayenera kuyamba kumwa madzi ali ndi miyenzi ingati? 
In what month should ou fi~t ghe a bab water? 

Malaria 

OJ 
OJ 

Kod. ndl mankhwala ati ochizlra malungo? Pogulo oSlp,rini ku sitolo (I) Pogula fonsida (kape.r:o kwinini) ku sitolo (2) 

l.,i"'.O' M toes" trtDi'" !'It t CU~ MO or,,-') Pogulo monkhwala eno 0 malungo ku 51tolo (3) Njiro zlna (4) 
Pollbc nJlra (5) 

BUY Mpl"ll' from S 0" (1), B.JV Fa'lSloo (or qJlnlr.e) from store (2) Buy other malarlo treotment from store (3) Other (4) NothIng (5) 

or o 
or o 

D 

2 



'EtrfI)/iMnJ alSUSmJ!nt sunry fom - .lfqC.fl - '''''tmlitr 2002 

Kodi fansida mungamwe kwa masiku angatl kutl muchize malungo? 
Ho many oays dO yO.! I1Ccd to to c Fansodcr tablets? 

Kodl mull ndi maslklto netl kunyumba? 
"",."... "".., c :x:d r to· 1\:>"",) 

Kodl mumachapa neti anun m'mankhwala a udzudzu? 
Do ')I.J ,.wash It ",t r ect CI?(") 

Ngat' mull ndi maslkito neti kodi mumagonamo tSiku ndi tsiku? 
If y:;u ha'~ a t:,cr: ~t d?)~ 'S"1e."p fJndi" t , .. c.ry rlg~P 

Kodi ndinu 0 embekezera? 
,Ar-e."IOU ~rt.qr;r·") 

CD 

gatl ndmu oye. bekezera kodl munomwa mankhwola a malungo pa nthowi Imene mumoyembekezera? 
If you Qr-t;re~ r./hG. 1.<:. e, T he 'C Y '" to~.e" nnv",o aria treot",cnt dJr ng )!<lur pregnancy' 

kodl malungo ar.gaopscze mo 0 wa mwana wanu yemwe mukuyembekezera? 
Co. ,..; r= you ~_~y f u C",," 'cg ,p 

Kodl udzudzu ungafalitse malungo? 
jof!f ~.).. oe:t qf\~ 'leu \'N.1arto.' 

Tchuloni njiro zochiziro motendo owo (What treatment would you give too patient with) 

SakudZlwa 

D 
Il1de Ayl DK 

DDD 
DDD 
DDD 
DOD 
DOO 
DDO 
DOO 

Kutsegula m'mimba? Kumupatsa zamadzi o Kuthamangira ku chipatala o 
Diarrhoea? 

Nj ira zinc 
GIve fluIds/liquIds Give mediCInes fc::JosPital Other 

Wagwidwa ndi mphere? Kulandira mankhwala adzala ku chipatala 0 Kusamba ndi sopo 

SGObles? 

Akusowa magazi mthupi? 

Masamba a Nimu B 
Use medICated fluId/cream from hospital Use soap and wa 

Kumwa mapiritsi okhala ndi Ayironi 

D 
Kuchiza malungo 

Njiro zinc 
Neem leaves other 

Kudya zakudyo zokhala ndi Ayironi mongo mosombo obiliwira, liva Njiro zino 

",~mla? Toke iron tablets Treat malaria/porasites Eating iron rich foods Other 

Kodi chofunikira kwambiri kuchita ndi chiyani pofuna kupewa (most important for prevention) 

Malungo? Kugono munetl D Kupewa kulumidwa ndl udzudzu 

Kuyctsa ndowc D NJlra Zl na 
U,e 1'1",). to nets (1). A>'Old mosquITo bites 2 bul'n dung (3) Other (4) 

o 
o 
o 
o 

o 
o 

EDZI? Kugwiritsa ntchito kondamu D Kukano kugancnc/Osachita chiwerewere 0 
D Njira zinc (3) 

",IDS lJse a>ndom - Avoid sexlpromlsculty - Other 

Kusowa kwa Vitamini A mthupi Kudya zakudyo zinc zokhala ndi Vitamin A mongo mango/papaya 

Kulandira kam'bulu ka Vitamini A n Njiro zinc 
VItamin A defICiency Eat foods rich In Vitamin A e.g. mongo/papaya e~I): Take Vit, A tablets 

Mpempheni mtsikana ayankhe inde kapena ayi: 

Tingatenge Edzi kudzera muchiwerewere? 
(CoJI you get AIDS tlv'OUgh sex?) 

Mungadziwe kuti munthuyu ali ndi kachirombo koyambitsa edzi 
(translatIOn?) 

Edzi t ingaipewe? 
(1 $ It preye~ able?) 

(2) Other (3) 

o 
o 

Inde Ayi Sakudziwa 

DO 
DD 
DD 

D 
o 
o 

3 



£rrrohrrrnl aJJaSJIItPll sunry f<Jntf -_ ~qL" - XiJ1'tm6tr 1001 

Kodi munthu ongoziteteze bwanji ku nthenda yo Edzi pofuna kugonano 
Chongo (,,) yonkho Io~kedwo Ndl po I .. mbani yonkho lomw .. iop"r .. k .. dwQ koma silinal .. mb .. dw .. mbokosimu 

How can you p,...~n t HIV dun ng sex 

Tigwiritse ntchito kondomu 
(condom) 

Osachita chiwerewere kapena tikhale ndi chibwenzi ch imodzi 
( "00~" prom .. coo ... 0< hi,," on! 0... "",nor) 

Tikhale ndi bwenzi loyezedwa magazi HIV -ve 

rnde Ayi Sakudziwa 

000 
000 
000 

(~I ... edl 0 0 
Osagonana ndi munthu wa Edzi 0 

o 
o 
o 
o 

(01 Mvln on .. lib lJI)bod ""Ten &om AID ) D 
Kupewa f isi ndi kuchotsa fumbi nthawi ya chinamwali 0 D D 

o 
o 
o 
D 
D 
o 
D 
D 
D 

c oc ha ... lft sex dun or afttf the tnd11llOn ceremonW!s) 

Kugwir itsa ntch ito jakiseni wowiritsa D 0 0 
(lnt "enhJed ~lfil 

Tikhale ndi bwenzi lokhulupirika 0 0 0 
(T "",ed partnerl 

Kukwotiwo ndi munthu yemwe inu ndi a pobonjo ponu mukumudziwa bwinO 0 0 
lIuryont} 0 Iy 0 boy you or he f Iy know 

Tikwat ire 0 0 0 
(~§I 

Kugonana ndi m'bale 0 0 0 
(tI«P'" "'IIb"fO'J' r"'"~1 

Osamagonana pafupipafupi 0 0 0 
( "'" hi n ~. ti<qu""I~1 

Kugonana ndi munthu wathanzi D D D 
(~ .. lb. heaJl r<f1O"l 0 D D 
Kugonana cha mba Ii 
(tu-." """'"lI,,"your5Odtl 0 0 0 
Mwamuna atayire mphamvu pansi 
(W dhdn" of pen ... hen tJaao ) 

Kodi kolera tingaitenge bwanji? 
........ CD you 9" cholcrcV 

Kumwa madzi oyipa 
(cDfIPI"'"",ed ".'trl " " 
Kumwa madzi amumtslnJe 
In-' " " 
Kumwa madzi pach'thaphw' 
(tU ....... , 

Kudya chakudya choipa 
(cDfD'"' ed 1 

Kudya zakudya zaukhondo 
I~food' 
Kudzera ku mangos 
.- 1 

(Kusasamba m'manj a po chokera ku chimbudzi 
I" 1Iand., 
Zovala zakuda 
/.... dorty < , 

Kusasamala pa khomo 
(I • "'" , 

Kupanda dzenJe lota ira zinyalala 
.. . ptt) 

/~5akw i r i ra maenJe ndi zithampwi 
id ud peiIu .. , 

("'" 
Kudzera ku ntchentche 
/". ..... n .. ' 
Kudzera ku udzudzu .... , 
( 

Ku90nana 
(. ' 
Kuyenda opanda nsopoto 

• edt 

(v) Inde Ayi Sakudziwa 

OODD 
DDDD 
0000 
0000 
OODO 
DDDD 
OODD 
OODO 
DDDD 
ODDD 
DDDD 
OODO 
OOOD 
DDDO 
ODDD 
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'FiTU1( assusmrnl surt~J - )I (jLl'T - Jflll~m~r 2003 

Adolescents Girls Literacy Project 
Final assessment - November 2003 

Dzina la mtsikana 
Mudzi 
Date of interview 
Dzina langa 

Kabweredwe ka mtsikana kusukulu (Attendance): 

N gati samajomba, amabwera kangat i pa sabato? (Ir regular. how many days per w«k?) 

Nga ti amajombajomba, -amaj omba sabato zathunthu? (missed whole weeks?) 

- amajomba miyezi yathunthu? (missed whole months?) 

- Anasiya sukulu? (has she st opped attending?) 

Mbiri ya umoyo wawo 

(1,2,3,40r5)0 
Inde Ayi 

00 
00 
00 

M wadwalapo kangati matenda otsati rawa mwezi wapitawu? In the last month? 

r ...... ··_··· .. ··· .. · .. ·· .. ········· .. ···· .. ··················· ....................................................... ··········· · ·· · ··· · ·······M·~t~·d;~i·~ · ~·~;~~p·it~· ·k~·C'i~i·p~t~i·~···k·~·p~~~· k ~~· ·s·i~g;~·~ga? .... ·· .... ···············1 
I Ind. Ay; (';m~l Ind. Ay; Ind. Ay; Ind. Ay; i 

l Malungo 0 0 IT] kuehipatalaD 0 ';"9'·,,·,0 0 mO"';,h;D·Oi 
l (Malaria) hospital/e li healer own I 

, 
! 

I Kutsekula m'mimba 0 0 IT] kuehipatalaD 0 sing 'anga? 0 0 ,lll unaZiChiDaO ! I (Diarrhoea) hospital/eli healer own ! 
! I 
; I L.M·us·ono·pl'fe"'ku·cfiTpof'ofo"·chi'no"chimene·"muno·p·ci'ngo .. ·nd'i"'chiy<i'nT? ............................................................ · ................................ ; 

(before png t the hospital what el~ did you do" 

__ ----.------.-- .. -.04 ... -............................................................................................................ ............. ................................................................ .. ........................................................... , 

r M' k k I ! mene a uone era (Appearonce) Inde Ayi ! 

I Kod i mtsikanayu wasamba? D D I 
~ (I. tl>< lIorl bath<d?) i 
! zovala zake ndi zoyera? D D i 
i (AIe her c.lothes cI~an") ! 
I Wapesa ts itsi? D D! . ~~ , 
~ (Isher

ha
•
rco

• D D i 
~ Kod i akuoneka wathanzl? ! 
! [)DCs she look healt hy? D D! I N gat i akudwala, lembani zizindikiro za matendawo I 

j" '[::~~':::=.'~:~" .. '~_:::~::::_~::~::::::_~::::_:~ _~ ] I 
1 .... A'id pper Arm Circumference (ems) IT] 0 I i Iv~ I 
L-.-----... --.-................................................................................................................................................................................................................................................... J 



'Fitl4{ aSJlssmmt sunory -. ff(jLI'T - 1i1l1'tm«r 2003 

literacy assessment 

Mungathe kuzindikila zilemba izi? (Chongani C'J) zomwe angathe khwachani (X) zomwe alephera 
(leiters read) 

b 

o 
u 
o 

9 
o 

h 
o 

a 
o 

e 

o 
Mungathe kuwerenga mau awa?(Chongani mau omwe mtsikana angawerenge (--.J) Chongani mau omwe 

mtsikana alephera (X) (words read) 
f--'-~-"--"'-"-""---"""'--"---'-""--""'-' ................................................................................................................ , ............................................................ ,. ....................................................... · .. ······1 

I malungo ofesi Mafuta madzi i kondomu I 
100 0 00 1 

; I I L. __ .. -.----.--.-.---.. --.. --.. --...... ····· .. ····-······ .................................................................................................................. ~ ........................................................... ~ ................................................................ J 

Akutha kugwira pensulo bwinobwino (kuti alembere) 0 (-.J=I. X=2) 
(Can hold a pencil correctly (to writr--:e w=it=h) ___ ---, 

Akutha kukopela Iiu IKalata D (-.J=I. X=2) 

Akutha kulemba mau payekha (edzi) 

Werengani ziganizozi 
(Lembani mawu amene awerengedwa), (Please write the number of words read) 

Nambolo yo mawu 
(Number) 

idyani mango (tQtmango) D 
mazira amamanga thupi (Eggs area bodybuilding food) D 
tigone mu neti kupewa malungo (Weslupunderanettoavoidmalaria) 0 
edZi imapha (AIDs kIlls) D 
tipewe chiwerewere (Avoid promiscuity) D 
malita popita ku Lilongwe anakwera minibasi hen going to Lilrd,"ta took the minIbus) 

2 



'FIII4( aJMSJlUnl SUt'l'ry·. ~C;£I'T -1IiiJt'tmlier .?OOJ 

Numeracy skills 

Kodi mungathe kuzindikira manambala awa? Can recognise these numbers? 

20 
700 

5 0 aD 
900 100 D 

10 0 400 600 

300 D 250 D 4440 
Kodi utapeleka K60 ndi Kugula sugar amene ali mtengo wa K35 anga kubwenzere ndalarna zingatiCa 
simple mental sum) CD 
Kodi malemba awa atanthauza chiyani? (Chongani <-'I) rnalemba onwe akutha khwachani (X) omwe 

alephera 

-----------------------------i-6~8:2oo2--Er---------1 

20 Kg D K 30 D 
I 
I 
I 
I 
: 

t.._ . ..-----.... -.----.------.. - ..... --........ --.. ---.-... _._-_ .... __ ._ ..... _ ... _ ......... _ ............................................................................................................................................................................. .1 

Health knowledge 

Water 
Kodi kumwa madzi a mumtsinje kungabweretse bvuto lina lililonse? 
IS If poss.ble to get d.secfeS fl'Olll drtnklng watu from therl1l'U? 

Ngati alipo ndi ati? (Iembani zina zornwe a tchula) 
0.0"9"'" (,~ yonkho Iopuekedwa. Ndlpo Icmbani yankho Iomwe Ioperekedwa koma silinatem~we mbakosimu 

Kutsegula m'mimba (dlOlThoeo) 

Kolera 

Malungo 

Inde Ayi DK 

DOD 

D 
D 
D 
D 

Breast feeding Inde Ayi DK 
Kodi ndibwino kuyamwitsa mwana mkaka woyambirira (wachikasu oneka wa madzi) akangobadwa? 
cshould you gi\C ~alost~m'l) (translated as the yellow and watery mtlk) D D D 
Chifukwa Chlram ("hy~ P~.se .';Irin English») 

~-------------------
... ---.---••. - .. - ........... - ....................................... ····-·· .. ···-· .. • .. ·• .. • .. 1 

_____ .... _____ ........ _ .............. _ .......... _ ..... _ ...................................................... _ ....... ..J 

Kodi mwana ayenera kuyamba kudya phala ali ndi miyenzi ingati? 
(n \\hat month should )OU first gi\e a baby porridge'll 
Kodi mwana ayenera kuyamba kumwa madzi ali ndi miyenzi ingati? 
(n \\hat month should you first gi\e a baby water" 

OJ 
CD 

or D 
or D 

3 



'F itll1{ assessment sun'r) - J4qUT - llt'rm6er 200J 

Malaria 

Kodt ndl mankhwala ott ochizlra malungo? Pogulo oSlplrlni/ponodol ku sitolo (1) Pegulo fonsldo (kopeno kWlnini) ku sitolo (2) 

W-IJ- I! -he t>es- tr~~'It;: t IQ <u-c ",olor a? Pogulo monkhwolo eno a molungo ku 51tolo (3) Njlt'o Zino (4) 
Pollbe njlro (5) 

D 
BllY Asplri" ~ro~\ s ore'l) Buy Fo~sldo (or qumir.e) from store (2) Buy other malaria treotment from store (3) Other (4) Nothing (5) 

Sakudzlwo 

Kodl fanslda mungamwe kwa masiku angati kuti muchize malungo? 

How many oays do you I"eed to toke Fa'lSid;r toblets? D 
Inde Ayl DK 

Kodi mull ndl masiklto neti kun umba? 
JO )':)0 he .. !: c: ~ N't 0" hol1"£") 

Kodl mumachapa neti yanun m'mankhwala a udzudzu? 

o OD 
..,0 y:xJ'" ash it Wit .. r:!~ctIClje') 

Ngati muli ndl masikito neti kodi mumagonamo tsiku ndl tsiku? 

rf yeu "" .... 0 ~._ t do YOU slerp u"de- 'ner-y rig"'> 

Kodi ndinu 0 embekezera? 
A~ y ....... r'!~ ...... , 

N~at,"ndtnU oyembekezera kodl munamwa mankhwala a malungo po nthawi Imene mumayembekezero? 
If you ore .rtgr:,.Jno"" t>e,," J. ..... " ot no • you tokn any mo arlo trcolment dur ng your pregnancy? 

o DD 
ODO 
o DD 
ODD 
o DD 
ODD 

kodi malungo angaops eze mo 0 wa mwana wanu y emwe mukuyembekezera? 
Co~ "",Ioro~ -...,,,,, )-'..,. tx:ty f '- :-c pN5..,nt? 

Kodl udzudzu ungafalitse malungo? 
Do'!-~ r,."$.iUltOf'$ 9 c .,"(;u ~,~ t\1"') 

Tchulani njira zochizira matenda awa (Whot treatment would you give too patient with) 

Kutsegula m 'mimba? Kumupatsa zamadzi D Kuthamongira ku chipatolo 

Diorrhoea? 

Wagwidwa ndi mphere? 

Nji ra zino 
Give fluids/liquids Give medicines fWosPitol Other 

Kulondira monkhwola odzola ku chipatalo D Kusambo ndi sopo 

Masambo a Nimu 8 
Use medICated fluid/cream fram hospital Use soop and wa 

Kumwo mopiritsi okhala ndi Ayironi 

o 

Njira zina 
Neem leaves other 

Scob"es? 
Akusowa magazi mthupi? Kuch iza molungo 

Kudyo zokudya zokhola ndi Ayi roni mongo mosambo obiliwiro, liva Nj iro zinc 
Anaemio? Toke iran tablets Treat maiorio/parasites Eating iron rich foods Other 

Kodi chofun ikira kwambiri kuchita nd i c hiyani pofuna kUpeWa (most impartontforpreventiO n) 

Mal ngo? Kugona munetl D Kupewa ku lumidwa nd i udzudzu 

Kuyetso ndowe D Njir'o Zinc 
U!:C mosq"'to nets (1) - AWld mosqulro blt",s 2 burn dung (3) Other (4) 

o 

D o 
o 
o 

o 
o 

EDZI? -- - ----- - K~wi;;-;S-~~t~hi~~-~~~domu ----- [~Fuka~: kU9-0~:~;;sachita chiwe;e~er~ 0 
Njira zina (3) D 

AIDS Use condom - AVOid sexJpt'Oml scul~ - Ot her __ _ 

KuSOwa kwa Vitamini A mthupi Kudyo zakudya zina zekhala ndi Vitomin A mongo mongo/papaya 

Kulondira kom'bulu ko Vitamini A n Njira zina 
\lit"",ln A defICiency Eat foods rich in Vitamin II e.g. mango/papaya e'rc71l); Toke Vito A toblets 

Mpe mpheni mts ikana ayankhe inde kapena ayi : 

iingatenge Edzi kudzera muchiwerewere ? 
(CDn you get AIDS through sex?) 

Mungadziwe kuti munthuyu ali ndi kachiro mbo k o y ambitsa edzi 
ColI you te ll by looking If somebody IS Infected?) 

( . ? 
Edz i t ingalpewe. 
(Is It pre~ntoble?) 

(2) Other (3) 

o 
D 

Inde Ayi Sakudziwa 

DO 
D D 
DO 

D 
D 
o 

4 



Kodi munthu angaziteteze bwanji ku nthenda ya Edzi pofuna kugonana 
Chongoru ( ~) yonkho lo~kedwa. Ndipo lemboni yonkho lomwe laperekedwo koma silinalembedwe mbokos imu 

How can you prevent HIV during sex 

Tigwiritse ntchito kondomu 
(condom) 

Osachita chiwerewere kapena tikhale ndi chibwenzi chimodzi 
("'" be1ng prom"cuow 0< ha"'11 only One pan ... r) 

Tikhale ndi bwenzi loyezedwa magazi HIV -ve 

(~ Inde Ayi Sakudziwa 

000 
000 
ODO 

( Portner t ... «I) 

Osagonana ndi munthu wa Edzi 0 0 0 
(' haVl. ~ "'lIh an bod sutTm. from AlD ) 

o 
o 
o 
o 

Kupewa f isi ndi kuchotsa fumbi nthawi ya ch inamwali 0 0 0 
( '01 h:a"'111 tor .. dun Of aftft' d"f lrullahon uremoOl~) 

o 
o 
o 
D 
o 
o 
o 
o 
o 
o 

Kugwiritsa ntchito jakiseni wowir itsa 0 0 0 
(u .. .. enhsed ot<dl .. ) 

Tikhale ndi bwenzi lokhulupirika 0 0 D 
crn$«I port_I 

Kukwatiwa ndi munthu yemwe inu ndi a pabanja panu mukumudziwa bwinO 0 D 
Nur"I'NJ O"ly Q boy you or The famIly know 

Tikwat ire 0 0 0 
(mama ., 

Kugonana ndi m'bale 0 0 D 
Iskq>I ,,"h)OU< reW"~) 

Osamagonana pafupipafupi 0 0 D 
( '01 ha",n .. ' frequentl ) 

Kugonana ndi munthu wathanzi 0 0 0 
Iskq>In",,"h I healthy tooL person) 0 0 0 
Kugonana cha mbali 
,tu>-.. ..' '")'1' on your sod<) 0 0 0 
Mwamuna atayire mphamvu pansi 
( w _hdn" of peru ... hen eJOCUII" ) 

Kodi kolera tingaitenge bwanji? 
HoW <4" you 9'" cholua? 

Kumwa madzi oyipa 
(conranul\ll«lluter) 

Kumwa madzi amumtsinje 
Inver) 

Kumwa madzi pachithaphwi 
(tUgunt"alerl 

Kudya chakudya choipa 
ICQIIWII'nIl«l tOod) 

Kudya zakudya zaukhondo 
(clan tOod) 

Kudzera ku mangos 
cIT I 

Kusasamba m'manja po chokera ku chimbudzi 
I""''' "hand.) 

zova la zakuda 
(hI>1 dlft)' ) 

Kusasamala pa khomo 
,Ia " In I ditty ho"",) 

Kupanda dzenje lotaira zinyalala 
("'" ,..>In I noiJb,.h pol) 

Kusakwir ira maenje ndi zithampwi 
("'" fltlon hoI«"'" pad<ll .. ) 

Kudzera ku ntchentche 
lIT"'" n,d) 

Kudzera ku udzudzu 
lion' , 

Kugonana 
(loa 1<') 

Kuyenda opanda nsapato 
(.. ,n bon «I) 

(..J) Inde Ayi Sakudziwa 

OOOD 
DODD 
DODD 
DOOO 
OODD 
DDDD 
DODD 
OOOD 
DOOD 
DOOO 
DOOD 
DOOD 
OOOD 
DODD 
DOOO 

5 



'FIIt"{ aIKSSlMnt Surt'rJ' .':U;Lfl- 'Ot'rmDtr 2003 

Zotsatira (Feedbad<) Mukamaliza kumuyesa mtsikanayo. pangani ch imodzi mwa izi mal ingana ndi momwe mtsikanayo 

wakhonzera (chongan, bokosi lomwe mwasankha ..J) 

o 
[ 
o 
[ 

Wachita bwino mayeso ako ndipo t ili osangalala. Kod i chakupangitsa kuti upambane ndi chani? (did well, why?) 

Mafunso ena wayankha bwino ndipo ena akuvuta kuyankha. Kodi ndi chifukwa chani zina zakuvuta? (some troubles . 

why?) 

6 



Appendix 8: Sample AGLIT lesson plans on malaria 

LESSON PLANS Month 3: MALARIA (10 Lessons) Week 1: Lessons 1- 5 
Lesson number 

LESSON I: PARTICIPATORY STORY (Concentrate on treatment) 
Story 1: Aim: To find out girls/villagers' usual treatment for malaria. 
Story 2: Aim: Teach correct F ansidar doses for different age groups. 
Story 3: Aim: Teach importance of always giving ORS and how to make the 
solution 

LESSON 2: DISCUSSION (Concentrate on effects of malaria on people's 
lives) 
Revision: Read keywords. Recite Fansidar doses 
Discussion 1: 
Question 1: (Single) In what ways did your last bout of malaria disturb your 
daily activities? . . 
Question 2 (Pairs) In what ways does malana In other members of your 
family disturb your lives? 
Question 3: How does malaria affect a whole community? 
Discussion 2: 
Question 1: What does your family do in the home to try to avoid malaria? 
Question 2: What does the village do communally to avoid malaria? What 
could it do? 
Question 3: How would life in a village improve if it had less malaria? 
LESSON 3: SURVEY (See sample survey) 
Revision- Read keywords. Recite ORS preparation 
NOTE: Group girls for survey (Group 1, Group 2 etc). 
Survey 1: How many cases of malaria in girls' households (out of total 
number of people in their households) in the past month? 
Survey 2: How did people treat their malaria? 
Survey 3: How many working days are lost by these cases of malaria? 
NOTE: Teacher to note down survey details in order to re-write it on board 
for next lesson. 
LESSON 4: ARITHMETIC 
Revision: Read and revise information from survey. 
Sample questions: 
If X eams K20 a day, how much money does he lose from 2 (3,4,.5 etc days 
lost through malaria) 
How much money could families from one group 1 lose from malaria in past 
month (roughly - if sum is too hard) 
HoW much is Fansidar? How much does a family spend for 2 (3,4 etc )cases 
of malaria 
HoW much is one bednet ? How much would 5 bednets cost? 

LESSON 5: READING (BOOK AND SONGS) 
Book: Discuss likely pictures and likely keywords first before reading. (See 
your Guide to Teaching reading) 
Songs: Can make up different songs about malaria (e.g. 1. Fansidar doses, 
2. Effect of malaria on village) 
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Extra exercises/homework 

1. Read and copy keywords 
2. Copy out all the Fansidar 
doses. (PE should write this 
on blackboard before 
lesson) 
Homework: Learn correct 
Fansidar doses and 
keywords. 
1. Read and copy 

keywords 
2. Copy out instructions for 

ORS (Learn for 
homework) 

Homework: 
1. Find out who had malaria 
in your household and 
.neighbouring household in 
past 2 months 

• Copy survey into books 
• Write sentences about 

survey. E.g. out of 60 
people 20 had malaria 
in the past month. 

Homework: Show families 
the survey and discuss 
potential loss of earnings. 
Find out cost of bed net. 

NOTE: Each group can do 
own sums (not total for all 
groups) 
If sums are still too hard, PE 
can do the sum to show how 
much money is lost through 
malaria. 
Simple sums: Add cost of 
Fansidar + Aspirin 

Copy and read song words 
Homework: Revise all 
keywords and find out why 
pregnant women should 
especially avoid malaria) 



NOTES TO TEACHERS: See Appendix for Curriculum sheet on Malaria 

LESSON PLANS: MALARIA Week 2: Lessons 6·10 

Lesson number 
LESSON 6: WRITING 
Revision: Reading keywords. Reciting key information 
Design posters 
1. To warn pregnant women to avoid malaria (especially first pregnancy) 
Method: discuss effects of malaria on mother./baby 
2. To encourage use of bednets 
Method: Discuss long term use of bednets/ how to treat with repellent 
Girls to draw pictures and write slogan in books first. 
Pass their books round. Girls choose best to make into A4 posters for 
village headman and office (to photocopy and send to donor) 

LESSON 7: MAPPING 
Revision: swap books and read each other's poster messages 
Ground map then blackboard map: 
1. Danger areas in girls' homes where mosquitoes breed. 
2. Communal danger areas in village where mosquitoes breed e.g. 

borehole 
3. Copy maps into books 

LESSON 8: PRACTICAL ACTIVITIES 
1. Demonstrate dipping a bed net with mosquito repellent. 
2. Remedy danger areas in community if not done for homework. 
3. Read and write instructions on dipping bed net. 

LESSON 9: REVISION OF ALL MALARIA HEALTH KNOWLEDGE 
Methods: Stories, quizzes, hot money, drama to test Fansidar dose, ORS, 
bednet dipping, mosquito breeding areas etc. (chakuti,chakuti) 

LESSON 10: REVISION OF READING KEY WORDS IARITHMETIC. Book: 
Continue with book (Can do so for following weeks too) 
Songs: Revise the songs 
Arithmetic revision: Adapt sample questions from Lesson 4: 
If X earns K30 a day, how much money does he lose from 2 (3,4,.5 etc days 
lost through malaria) 
How much money could families from all class groups lose from malaria in 
past month (roughly - if sum is too hard) 
How much is Fansidar? How much does a family spend for 2 (3,4 etc )cases 
of malaria 
Which is cheaper buying 2 bednets or getting malaria often in a year? 
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Extra exercises/homework 
NOTE: While some girls do 
the best posters, the others 
can role play poster 
messages. 
Homework: Show friends 
and family you poster 
message. 

Homework: 
1.Explain to family/friends 
the dangers. (Show your 
map) 
2. Remedy danger areas in 
home and whole village(e.g. 
Cut grass, fill in water pools, 
air hut) 

• Revise practical 
arithmetic on bed nets 

Homework: Revise dipping 
bed net instructions. 

Homework: Any girl who 
does not know facts must 
learn them from one who 
does. 
Compare cost of losing 
money in a year and buying 
1 (2,3-etc) bednets. 

Homework: 
Girls must notice what they 
eat for each meal over the 
week-end (If possible write 
down) 
Tell them this is in 
preparation for doing 
NUTRITION 


