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Abstract objectives Studies have typically investigated health and educational consequences of malaria among

school-aged children in areas of high malaria transmission, but few have investigated these issues in

moderate transmission settings. This study investigates the patterns of and risks for Plasmodium

falciparum and anaemia and their association with cognitive and education outcomes on the Kenyan

coast, an area of moderate malaria transmission.

methods As part of a cluster randomised trial, a baseline cross-sectional survey assessed the prevalence

of and risk factors for P. falciparum infection and anaemia and the associations between health status

and measures of cognition and educational achievement. Results are presented for 2400 randomly

selected children who were enrolled in the 51 intervention schools.

results The overall prevalence of P. falciparum infection and anaemia was 13.0% and 45.5%,

respectively. There was marked heterogeneity in the prevalence of P. falciparum infection by school. In

multivariable analysis, being male, younger age, not sleeping under a mosquito net and household

crowding were adjusted risk factors for P. falciparum infection, whilst P. falciparum infection, being

male and indicators of poor nutritional intake were risk factors for anaemia. No association was

observed between either P. falciparum or anaemia and performance on tests of sustained attention,

cognition, literacy or numeracy.

conclusion The results indicate that in this moderate malaria transmission setting, P. falciparum is

strongly associated with anaemia, but there is no clear association between health status and education.

Intervention studies are underway to investigate whether removing the burden of chronic asymptomatic

P. falciparum and related anaemia can improve education outcomes.

keywords malaria, plasmodium, anaemia, sustained attention, cognition, educational achievement,

school children, Kenya

Introduction

The health of school children has received increasing

attention over the last two decades, and there are increased

efforts to implement school health programmes, delivering

anthelmintics and micronutrients (Bundy et al. 2006;

Bundy 2011). Less emphasis has been given to malaria as a

health problem facing school children despite them expe-

riencing some of the highest age-specific rates of Plasmo-

dium falciparum infection (Smith et al. 2007; Hay et al.

2008; Brooker et al. 2009), which can have a number of

direct and indirect consequences, including anaemia

(Draper 1960). The control of malaria is associated with

significant improvements in haemoglobin levels among

both young children (Korenromp et al. 2004) and children

of school age (Draper 1960; Geerligs et al. 2003; Clarke
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et al. 2008; Barger et al. 2009). Malaria may have addi-

tional consequences for children’s cognitive performance

and ultimately educational achievement (Al Serouri et al.

2000; Holding & Snow 2001; Kihara et al. 2006; Vitor-

Silva et al. 2009; Fernando et al. 2010). For instance,

malaria has been related to increased absenteeism (Brooker

et al. 2000; Fernando et al. 2003a; Kimbi et al. 2005),

grade repetition (Thuilliez 2010) and poorer educational

achievement (Fernando et al. 2003a,b). Studies in Ghana,

Kenya and Sri Lanka suggest that malaria prevention can

improve school attendance, sustained attention and edu-

cational achievement (Colbourne 1955; Fernando et al.

2006; Jukes et al. 2006; Clarke et al. 2008).

The consequences of malaria for school children and the

benefits of school-based malaria control are likely to vary

in different settings, particularly according to intensity of

malaria transmission and the relative contribution of other

causes of anaemia and poor education outcomes. A

previous study in an area of perennial high malaria

transmission in western Kenya (Clarke et al. 2008) inves-

tigated the impact of intermittent preventive treatment

for malaria in schools and found a large impact on

children’s concentration in class and a 48% reduction in

the rates of anaemia. However, no effect on educational

achievement was observed. To investigate this result

further and find out whether the benefits of malaria control

are observed in settings with different intensities of malaria

transmission and different educational standards, an

ongoing cluster randomised trial is investigating the impact

of an alternative school-based malaria intervention, inter-

mittent screening and treatment (IST), in an area of

moderate malaria transmission on the coast of Kenya

(Brooker et al. 2010). The current paper presents data

from the baseline cross-sectional survey of this trial and

investigates risk factors for P. falciparum infection and

anaemia as well as correlates of cognition, attention and

educational achievement.

Methods

The study design and methods of the intervention trial have

been previously detailed (Brooker et al. 2010) and are

briefly summarized below. The IST intervention under

investigation in the trial comprises mobile health teams

consisting of laboratory technicians and nurses visiting

schools each term. Children are asked to provide a finger

prick blood sample to test for the presence of malaria

parasites using ParaCheck-Pf malaria rapid diagnostic tests

(RDT) (Orchid Biomedical Systems, Goa, India). Children

(with or without malaria symptoms) found to be

RDT-positive are treated with artemether-lumefantrine

(Coartem�, Novartis), an artemisinin-based combination

therapy. The current investigation uses baseline cross-

sectional data collected between February and March 2010

in the 51 intervention schools that were allocated to receive

the intermittent screening and treatment for malaria. No

baseline data were collected on P. falciparum infection for

the 50 control schools not receiving the malaria

intervention owing to ethical considerations about

screening for malaria and not providing treatment. Results

reported here on P. falciparum infection are based on

expert microscopy. The reliability of the RDTs employed

for the IST will be evaluated in future analyses.

Reporting of the current study has been verified in

accordance with the STROBE (Strengthening the Report-

ing of Observational Studies in Epidemiology) checklist.

Study setting

The surveys were conducted in Kwale and Msambweni

districts on the south Kenyan coast, where malaria trans-

mission is seasonal following the two rainy seasons (April-

July and September-November) (Snow et al. 1993). In

economic and educational terms, the districts are ranked

the seventh poorest in Kenya and consistently have some of

the worst-performing schools in the national school

examinations (RTI International, 2008). In 2009, mass

albendazole treatment was provided to all schools as part

of the national school deworming programme. No sys-

tematic treatment for schistosomiasis has been provided to

date and no specific school-based malaria control efforts

are ongoing.

Recruitment

A school census of all 101 schools included in the trial

was conducted by trained personnel and was used as a

sampling frame from which 25 children from class 1 and

30 children from class 5 were randomly selected using

random number tables. Fewer children were selected

from class 1 because of the extra educational assessments

undertaken with these children and the feasibility of

conducting the tests in a single day.

Health surveys

Finger prick blood samples were obtained from all children

to assess haemoglobin concentration (Hb) using a portable

haemoglobinometer (Hemocue, Ängelholm, Sweden).

Children with severe anaemia (Hb < 80 g ⁄ l) were referred

to the nearest health facility for iron therapy as per the

national guidelines. Height and weight were measured and

axillary temperature was digitally recorded. Thick and thin

blood smears, prepared for malaria microscopy, were
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stained with 2% Giemsa for 30 minutes Parasite densities

were determined from thick blood smears by counting the

number of asexual parasites per 200 white blood cells,

assuming a white blood cell count of 8000 ⁄ ll. A smear was

considered negative after reviewing 100 high-powered

fields. Thin blood smears were reviewed for species

identification. Two independent microscopists read the

slides, with a third microscopist resolving discrepancies.

Assessments of cognition and educational achievement

These have been detailed elsewhere (Brooker et al. 2010). In

brief, age-appropriate tests of sustained attention were

conducted in each class: the pencil-tap test and the code

transmission test adapted from the Test of everyday atten-

tion for children (TEA-Ch) group (Manly et al. 1999) for

class 1 and class 5 children, respectively. Non-verbal

reasoning was assessed in class 1 by the Raven’s Progressive

Matrices task (Raven et al. 1998). A range of class-specific

literacy and numeracy tests were conducted in individualized

and small-group settings. The tests were extensively piloted

and adapted to the context. Test–retest reliabilities of 0.7

were required for inclusion of tests in the battery.

Risk factors

During the informed consent process, a questionnaire was

administered to parents ⁄ guardians to record household

information on residence, family size, ownership of

possessions, mosquito net use by them and their children,

recent deworming of the child, house construction and

education level of the parent. For children in class 1,

additional information on household literacy, the language

spoken in the household and reading practices was

recorded. At each school, a questionnaire was administered

to the head teacher to collect information on school

demography, sanitation facilities, presence of school feed-

ing and other health programmes. School locations were

mapped using a Global Positioning System (GPS) receiver

(eTrex Garmin Ltd., Olathe, KS, USA). Elevation of

schools was recorded and used as a geographical marker of

distance from the coast.

Statistical analysis

Data were double-entered using customized data entry

screens in Microsoft Access (Microsoft Corporation, Seat-

tle, USA). Consistency checks were performed and all

discrepancies and queries were verified against the original

paper forms. Health data were linked by school location

and mapped using ArcGIS 9.3.1 (Environmental Systems

Research Institute Inc., Redlands, CA, USA).

Plasmodium falciparum infection was defined on the

basis of duplicate slide readings. Anaemia was defined

using age- and sex-corrected WHO thresholds (Benoist

et al. 2008), with no correction made for altitude. The

anthropometric indices, z-scores of height-for-age (HAZ),

weight-for-age (WAZ) and body mass index-for-age

(BMIZ), were calculated using the AnthroPlus software for

children aged 5–19 years (WHO, 2007), assuming a mid-

year age for each child because of doubts over the correct

date of birth. Weight-for-age z-score was only calculated

for children aged 5–10 years. Children were classified as

stunted, underweight or thin if HAZ, WAZ and BMIZ,

respectively, were less than two standard deviations below

the reference median. Age of the children was provided by

themselves and by their parents. Ages provided by the

children were used to calculate anaemia and anthropo-

metric indices as they were considered more reliable. A

sensitivity analysis using parent-reported ages for all

multivariable models indicated minimal sensitivity. Age

was modelled as a categorical variable for the P. falcipa-

rum and anaemia risk factor analyses and as a continuous

variable for the attention and education analyses owing to

the smaller age ranges observed once stratified by class.

Household asset data were used to derive an index of

socio-economic status (SES), based on the entire trial

population. The principal component analysis (PCA)

approach proposed by Filmer and Pritchett (Filmer &

Pritchett 2001) was used. Variables included into the PCA

included ownership of a bicycle, motorcycle, mobile

phone, radio, television, as well as presence of electricity,

pit latrine, and brick and cement construction materials.

The first principal component explained 30.6% of the

overall variability and gave greatest weight to the house-

hold construction materials followed by ownership of a

television. The resultant scores were divided into quintiles

so that households could be classified according to relative

SES. No internal validation of the index was undertaken.

Finally, elevation (a proxy for distance from the coastline)

was divided into tertiles.

Analyses were performed using STATA version 11.0

(STATA Corporation, College Station, TX, USA). The

outcomes of interest examined were prevalence of P. fal-

ciparum and of anaemia (binary outcomes) and scores for

spelling, number identification, numeracy, comprehension,

code transmission and pencil-tapping tasks (continuous

outcomes). Univariable associations between the health-

related outcomes and risk factors were assessed using

multilevel logistic regression, accounting for school-level

clustering (Rabe-Hesketh & Skrondal 2008). Variables

demonstrating an association at the 10% significance level

were subsequently included into a multivariable, multilevel

logistic regression model, accounting for school-level
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clustering. Stepwise elimination was used to create the final

model using a 5% significance level for retention in the

model. Age and sex were treated as a priori risk factors and

retained in multivariable models. A priori interactions

between net use with age and sex and between school

feeding and elevation (distance from the coast) were

investigated.

Analysis of the cognitive and education outcomes was

stratified by class and focused on associations with

P. falciparum infection and with anaemia, additionally

accounting for age and sex as a priori risk factors. For the

pencil-tap assessment of sustained attention in class 1

children, the analysis was split into two because of the

significant proportion of children who were disengaged

and scored zero. The proportion of children engaged in the

task was examined by different variables using multilevel

logistic regression accounting for school-level clustering.

For each of the spelling assessments in classes 1 (score

0–20) and 5 (score 0–43); the numeracy in classes 1 (score

0–20) and 5 (score 0–38); the Ravens assessment in class 1

(score 0–20); the sentence comprehension in class 5 (score

0–40); the code transmission assessment of sustained

attention in class 5 children (score 0–20); and the analysis

of children who were engaged in the pencil-tap task (score

1–20), the effect of explanatory variables was quantified

by mean differences in test performance using linear

regression. Bootstrapping was used to account for non-

normality of the scores, whereby schools were resampled

to account for school-level clustering (Efron & Tibshirani

1994). Bias-corrected confidence intervals based on the

bootstrap resamples were obtained. Significant (P < 0.1)

variables identified in univariable analysis were considered

for the multivariable model which employed stepwise

elimination.

Ethical considerations

The study was approved by the Kenya Medical Research

Institute and National Ethics Review Committee (SSC No.

1543), the London School of Hygiene and Tropical

Medicine Ethics Committee (5503), and the Harvard

University Committee on the Use of Human Subjects in

Research (F17578-101). Meetings were held in participat-

ing schools to explain the nature and purpose of the trial to

parents or legal guardians, and written informed consent

was obtained.

Results

Of the 3850 children randomly selected to participate in

the study, 2400 (1160 in class 1 and 1240 in class 5) were

included in the analysis (Figure 1), with a mean of 48

children per school (range: 26–60). No systematic differ-

ences in individual and household characteristics were

observed between included children and those children

excluded because of missing health data (Table S1, online-

only). The mean age of children in the present analysis was

10.3 years (range: 5–18 years) and the male ⁄ female ratio

was 0.95 (Table 1).

Plasmodium falciparum and anaemia

The overall prevalence of P. falciparum was 13.0% (95%

confidence interval [CI]: 8.9–17.0%); only 11 infected

children had documented fever. Infection prevalence varied

markedly by school, ranging from 0 to 75.0% (Figure 2b),

with no infected children found in seven schools and a

prevalence exceeding 40% in three schools. Overall,

45.5% (95% CI: 42.0–48.9%) of children were anaemic,

and 1.1% (95% CI: 0.7–1.5) were severely anaemic.

The mean haemoglobin concentration was 117.5g ⁄ l (95%

CI: 116.4–118.6). Marked heterogeneity was also observed

in the school-level prevalence of anaemia (range:

26.3–80.0%) (Figure 2c).

Risk factors for Plasmodium falciparum infection and

anaemia

The relative frequencies of individual, household and

school-level risk factors for P. falciparum infection and

anaemia are shown in Table 1. Overall, 62.8% (95% CI:

58.7–67.0) of children reported sleeping under a mosquito

net, but usage varied markedly by school (range: 26.4–

93.3%). In univariable analysis, P. falciparum infection

was significantly associated with being male, younger age,

stunting, absence of deworming, education level of house-

hold head, increased number of people in the household,

fewer mosquito nets in the household and not sleeping

under a mosquito net. In the multivariable model, higher

odds of P. falciparum infection were significantly associ-

ated with being male, younger age groups, increasing

number of people living in the child’s household and the

child not sleeping under a net (Table 2).

In univariable analysis, anaemia was significantly associ-

ated with male sex, younger age, P. falciparum infection,

being stunted, education level of household head, not

attending a school with an active school feeding programme

and attending school at lower elevation, closer to the coast.

In multivariable analysis, increased odds of anaemia were

significantly associated with P. falciparum infection, with

the odds increasing with increasing parasite density (AOR

[adjusted odds ratio], 3.68; 95% CI: 2.12–6.38 P < 0.001)

for children with high intensity infection vs. those with no

infection, and for children who were stunted. Significantly
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Only health assessed n = 33

Children randomly 
selected.  n = 3850 

(100%)

Children consented.  
n = 3004 (78.0%)

Refused. n = 65 (1.7%)
Non response. n = 781 (20.3%) 

Replacements for those children 
repeated, transferred or absent on 
baseline education visits.   n = 241

Children assessed for 
education at baseline.  

n = 2676 (100%)

Only education assessed  n = 275 (10.3%)

Children assessed in 
education and health 

surveys n = 2367 (88.4%)

Children used in health 
risk factor analysis 

n = 2400 

Withdrawn n = 32 

Withdrawn n = 34 (1.3%)

Transferred by time of health survey n = 6 (2.2%)
Left school by time of health survey n = 3 (1.1%)

Repeated to nursery by time of health survey n = 3 (1.1%)
Absent due to illness on initial and follow up visits n = 3 (1.1%)

Absent on initial + follow up health survey visits n = 132 (48.0%)
Assent not given at health survey n = 74 (26.9%)

Blood slides missing or unreadable n = 54 (19.6%) 

repeated, transferred or absent on baseline 
education visits.   n = 537

Figure 1 Data flow diagram for the education and health surveys conducted in school children in 51 schools on the south coast of Kenya, 2010.
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lower odds of anaemia were associated with children who

were female, and with being aged 10–12 years old vs. 5–

9 years old. The effect of a school feeding programme on

anaemia was modified by elevation of school (distance from

coast) and thus is presented by stratum-specific odds ratios.

School feeding was associated with lower odds of anaemia in

schools closest to the coast (AOR, 0.46; 95% CI: 0.28–0.76;

P = 0.003), with no evidence of an association for schools

positioned further from the coast.

Associations with cognition and educational achievement

Results from the univariable analysis of the associations

between cognition and educational achievement and health

and other factors are presented in online-only Tables S2,

S3 and S4. Results from multivariable analyses are

presented in Tables 3 (attention and literacy assessments)

and 4 (cognitive, comprehension and numeracy assess-

ments), which report significant associations between

scores and several child-level variables. In all tasks,

increasing age was associated with higher scores among

children in class 1, but with lower scores among children in

class 5. For several tasks, girls were found to have lower

scores than boys. Neither P. falciparum infection, irre-

spective of parasite density, nor anaemia was found to be

associated with any cognitive or educational outcome.

Interestingly, poor engagement in the attention task for

class 1 was associated with eating breakfast and attending

a school with school feeding, and better spelling perfor-

mance in class 5 was found among children who were

classified as thin on the basis of BMI.

A number of household factors were also associated with

the scores. Higher household socio-economic status was

associated with higher scores in the comprehension task in

class 5 and the spelling in both classes. Lower scores were

associated with living in a house with a high number of

children for the class 5 comprehension task. Higher

parental education levels were associated with higher

scores in the class 5 comprehension and class 1 numeracy

tasks. School environment and educational administrative

zones were found to be associated with several of the tasks,

with lower literacy and numeracy scores associated with

children learning in classrooms without desks, and signif-

icantly higher spelling and numeracy scores in class 5 as

well as attention and cognitive scores in class 1 found in

children schooling in coastal Diani zone.

Discussion

The evidence presented here shows that in this moderate

malaria transmission setting, there is marked variation in

the prevalence of P. falciparum, reaching 75% in some

schools. There was also evidence that infection is strongly

associated with anaemia, with the odds higher with

increasing density of infection. The results also show

potentially important variation in the malaria burden
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between the sexes and age groups and by school. The scale

of observed health problems strongly supports the need for

school health programmes aimed at reducing the health

burden of malaria in school children. Despite this health

burden, the analysis of educational data suggested no

association between current health status and measure-

ments of sustained attention and educational achievement.

The geographical heterogeneity observed in the prevalence

of P. falciparum infection is likely to reflect a complexity of

factorsthatinfluencevectordistributionanddensityaswellas

vector–human contact and human infection (Greenwood

1989). The principal malaria vectors in the study are

Anopheles gambiae s.l. and An. funestus, which in our study

area have been shown to exhibit strong spatial and tempo-

ral heterogeneity related, in part, to variation in rainfall

(Mbogo et al. 2003) and, more recently, variation in

mosquito net use and type of household construction

(Mutuku et al. 2011). Human–vector contact and human

infection may also be influenced by proximity to vector

breeding sites (Clarke et al. 2002; Pullan et al. 2010) and

variation in personal protection measures (Snow et al. 1998)

and net use (Pullan et al. 2010). Future geostatistical analysis

will investigate the environmental correlates of the observed

variation in infection patterns. Such geographical heteroge-

neity in infection risk has particular implications for the

targeting of malaria interventions as well as for the possible

impact of intervention (Kleinschmidt et al. 2007). School-

level variation in the prevalence of anaemia may reflect the

observed geographical variation in the prevalence

of P. falciparum infection, but is also likely to be due to

differences infoodavailabilityandtheprevalenceofhelminth

infection, important aetiological factors for anaemia.

The protective effect of sleeping under a mosquito net is

consistent with previous cross-sectional findings (Noor

et al. 2008; Pullan et al. 2010), whilst the strong associ-

ation between P. falciparum infection and anaemia has

been observed in other school-aged populations in East

Africa (Stoltzfus et al. 1997; Olsen et al. 1998; Leenstra

et al. 2004; Koukounari et al. 2008). The impact of

chronic P. falciparum infection on haemoglobin levels is

attributed to increased red blood cell destruction and

decreased red blood cell production (Abdalla et al. 1980;

Phillips & Pasvol 1992; Menendez et al. 2000), with high-

density infections intensifying these processes. However,

anaemia is multifactorial, and the findings of this study

highlight additional contributory factors: stunting, indica-

tive of poor nutritional intake for a sustained period

during the childhood growth phase, was associated with

increased odds of anaemia. This nutritional relationship

is supported by the finding that at sea level, in the schools

nearest the coast where the soil is infertile and the crop-

growing potential is poor, the presence of a school feeding

programme at the child’s school appears to be associated

with a 50% decrease in odds of anaemia. Few studies to

date have measured the effect of school feeding on anaemia

(Jomaa et al. 2011), although provision of iron-fortified

porridge and biscuits and cakes as part of school feeding

programmes has been shown to be associated with a

reduction in anaemia in Kenya, South Africa and Peru

(Jacoby et al. 1998; van Stuijvenberg et al. 1999; Andang’o

et al. 2007). Micronutrient deficiency is commonly found

among school-aged children in malaria-endemic areas (Best

et al. 2010), and infection with P. falciparum is bound

to further increase the stress on the haemoglobin status

in individuals who are already anaemic (Topley 1968;

Nussenblatt & Semba 2002).

The lack of observed association between health status

and sustained attention and education may not necessarily

reflect an absence of effect of malaria on education. First,

asymptomatic P. falciparum can persist for over three

months and as children may be constantly re-infected, it

is probable that infection has a cumulative effect on

cognitive function over an extended period of time. Thus,

the single time point of our cross-sectional design may not

sufficiently capture the effects of recurrent, chronic infec-

tion over an extended period (Jukes et al. 2002; Thuilliez

2010). Second, the cross-sectional design meant that we

were unable to capture information on past clinical

attacks, which have previously been shown to be related to

poor educational achievement (Fernando et al. 2003b).

Third, malaria is just one of many contributing factors to

poorer cognitive and educational performance, with socio-

economic status and the educational environment of

children’s homes playing an important role, as highlighted

in the present study.

The association found in both classes between higher

literacy and attention scores and indicators of SES is

supported by previous findings where SES has been found

to be strongly related to psychometric and education test

scores in school children (Jukes et al. 2002). Increased SES

is likely to be associated with increased stimulation,

increased access to reading material and ownership of

school-related materials, factors previously shown to be

associated with increased academic achievement (Walker

et al. 1998). This is supported by the fact that increased

education of household heads and increased literacy were

associated with improved performance in comprehension

in class 5 and numeracy in class 1. As expected, there was a

positive relationship between age and assessment scores for

children in class 1. By contrast, increasing age was

associated with lower scores in assessments in class 5. This

seemingly contradictory observation could be attributed to

the older children in class 5 having repeated earlier years

because of poor educational performance, as is frequently

Tropical Medicine and International Health volume 17 no 5 pp 532–549 may 2012

K. E. Halliday et al. Plasmodium falciparum, anaemia and education among school children

546 ª 2012 Blackwell Publishing Ltd



seen in low-income countries (Heyneman & Loxley 1983;

Fehrler et al. 2009). Also, poor children enrol in school

later (Fentiman et al. 1999). The poorer scores in attention

(class 1) and literacy (class 5) assessments observed in

females are consistent with the recognized disparity

between sexes in access to education and support in many

low-income settings (Jukes et al. 2008). The strong

variation in educational performance by administrative

division is an indicator that there are aspects of the school

divisional organization and management, such as the

availability of books, the teacher–child contact time and

the quality of teaching, which may influence educational

outcomes (Heyneman & Loxley 1983; Boissiere 2004;

Bhargava et al. 2005). The importance of the school

environment is further demonstrated by the lower literacy

and numeracy scores observed in class 1 children who learn

in classrooms with no desks.

In conclusion, we have found a strong geographical

variation in the prevalence of P. falciparum infection,

underscoring the need for geographical targeting of malaria

interventions. The observed strong association between

infection and anaemia provides evidence of the, presum-

ably cumulative, negative effects of asymptomatic P.

falciparum infection on the haemoglobin status of school

children. The ongoing trial of IST will provide an indica-

tion of how much of this effect can be reversed and

whether malaria control can also improve the cognitive

and educational performance of children in the current

setting. The trial will also help understand how much of

the observed poor performance is attributed to health

factors and how much is attributed to teaching quality and

household factors.
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