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Abstract. Research in malaria-endemic areas is usually focused on malaria during early childhood. Less is known
about malaria among older school age children. The incidence of clinical attacks of malaria was monitored, using active
case detection in primary schools, in two areas of western Kenya that differ in the intensity of transmission. Clinical
malaria was more common in schools in the Nandi highlands, with a six-fold higher incidence of malaria attacks during
the malaria epidemic in 2002, compared with school children living in a holoendemic area with intense perennial
transmission during the same period. The high incidence coupled with the high parasite densities among cases is
compatible with a low level of protective immunity in the highlands. The malaria incidence among school children
exposed to intense year-round transmission (26 per 100 school children per year) was consistent with reports from other
holoendemic areas. Taken together with other published studies, the data suggest that malaria morbidity among school
age children increases as transmission intensity decreases. The implications for malaria control are discussed.
rate varies between 60 and 300 infective bites per year.7 The
population is mainly of the Luo ethnic group, and is engaged
in subsistence agriculture and fishing. The incidence of malaria was monitored in four schools near Bondo Town (0.08°S,
34.23°E): Bar Konwino, Nyawita, Uloma, and Nyakasumbi.
Three of the schools were located in rural settings with a
subsistence economy, and one (Nyakasumbi) was in a more
peri-urban area on the edge of Bondo Town. The main health
facility serving the study population was Bondo District Hospital.
Low endemic highland study area. The second group of
schools was located in Nandi District in the cooler and wetter
Kenyan highlands, which experiences low and unstable seasonal transmission. Rainfall averages 2,428 mm per year. Average minimum and maximum temperatures are 12.2°C and
23.6°C (Kaimosi tea estate meteorologic station adjacent to
the schools, unpublished data). Malaria transmission is
acutely seasonal with most cases occurring during May–July
after the peak rainfall, although the extent of the malaria
burden varies considerably year to year.8 The area is prone to
epidemics, with the most recent epidemic occurring in June–
July 2002, during the period of this study.9
The population of the area consists of indigenous Kalenjin
people and Luhya settlers who have come from the lower
malaria-endemic parts of western Kenya during the past 30
years. The economy is primarily rural subsistence agriculture,
with some families growing tea as a cash crop. Other economic opportunities include casual labor on local tea estates.
Schools within the catchment area of the Kapkangani Government Health Center (0.19°N, 34.98°E) were identified and
classified according to ethnic mix. To minimize the effect of
differential immunity, host genetic heterogeneity, and/or
travel to malaria-endemic areas on the risk of malaria, only
schools where almost all pupils were of indigenous Kalenjin
descent were eligible for inclusion in the study. The three
schools closest to the health center that fulfilled the ethnicity
criteria were selected. These schools were located on the
Nandi Escarpment and the elevation of the pupils’ homes
varied considerably within schools. The altitude range of each
school’s catchment population was similar, but was greatest
for Kiborgok school (range ⳱ 1,681–2,056 meters), where

INTRODUCTION
In areas of intense transmission, children gradually acquire
immunity that protects them from severe malaria attack and
death.1 The bulk of malaria morbidity and mortality is thus
concentrated in pre-school age children, and most research
has naturally focused on this high-risk group. Little is known
about malaria among older children, despite the potential
impact malaria can have on school performance and educational attainment.2,3 Schools offer a potential delivery mechanism for interventions, but data are lacking to determine
whether the burden of malaria among school children is sufficient to warrant investment.4 Epidemiologic and ethnographic studies carried out in western Kenya in 2002 sought to
address this gap.
The age-specific pattern of malaria morbidity and mortality
reflects cumulative exposure, with populations subject to
more intense transmission acquiring immunity at an earlier
age.1,5 Malaria incidence studies were therefore carried out in
two areas that differ in the intensity of transmission: a highland area with low and unstable transmission and a holoendemic area with intense year-round transmission.
MATERIALS AND METHODS
Malaria case surveillance was carried out among school
children in two areas of western Kenya, located at differing
altitudes within the same river system (Figure 1). Both areas
experience a bimodal rainfall pattern with the heaviest rainfall typically occurring in March−May, with a smaller peak in
November−December. Most malaria is caused by Plasmodium falciparum, and Anopheles gambiae s.s. is the principal
vector in both areas.6
Holoendemic study area. The first group of schools was
located in Bondo District, a hot and relatively dry area on the
shores of Lake Victoria, lying at an altitude of 1,219–1,230
meters. Rainfall typically ranges between 750 and 1,000 mm
per year, and temperature ranges between 14°C and 30°C.
Continuous precipitation supports intense year-round transmission, with two seasonal peaks in malaria cases reflecting
the bimodal rainfall pattern. The entomologic inoculation
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FIGURE 1. Map of Kenya showing the location of the study areas.

some pupils lived at higher elevations than those attending
Koibem or Kabaskei school, and where the elevation of pupil’s homes ranged between 1,713 and 1,885 meters and 1,739
and 1,830 meters, respectively.
Malaria surveillance. The incidence of malaria among children in standards 3–7 (typically 8–14 years old) was monitored prospectively over an 11-week period in May–July 2002,
which corresponded to the time of peak malaria transmission
in both study areas. A series of meetings were held with
teachers, parents, and community leaders to explain the purpose and methodology of the study, that participation was
voluntary, and that children were able to withdraw from the
study at any time. Written parental consent was obtained for
all children prior to enrollment. Three children were not enrolled due to parental refusal. Ethical approval was obtained
from the Ethical Review Board of Kenyatta National Hospital, Nairobi and the Danish Central Ethical Committee.
Data were collected through a system of active case detection at the seven schools, supplemented by continuous passive
case detection at the local government health unit. Each
school was visited by the surveillance team (nurse, laboratory
technician, and field assistant) 2–3 times per week to identify
children with clinical episodes of malaria. To maximize case
detection, class teachers identified and recorded the names of
any children who were ill or absent from school each morning.
Any child reporting fever or other malaria-related symptoms,
or absenteeism due to illness was notified to the surveillance
team for follow-up and screening either in school or at home.
Absentees were visited at home. A morbidity questionnaire
was completed and included age, sex, history and duration of
fever, other presenting signs and symptoms, and whether the
child had taken antimalarials in the previous week. A finger
prick blood sample was taken from children who satisfied the
following screening criteria: 1) one or more of the following
symptoms suggestive of malaria within the previous 24 hours:
fever, chills/shivering, rigors, vomiting, malaise, or generalized body pain, or 2) a demonstrable axillary temperature
ⱖ 37.5°C. Giemsa-stained thick and thin blood films were
prepared and the number of asexual parasites counted against
200 leukocytes and expressed as parasites/microliter, assuming a white blood cell count of 8,000/L. Hemoglobin levels
were measured using a portable HemoCue photometer
(HemoCue, Angelhom, Sweden). School children with clinically diagnosed episodes were treated with a standard dose
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of sulfadoxine-pyrimethamine on the day of survey. Other
conditions requiring treatment were referred to the health
unit.
The active surveillance in schools was supplemented by
continuous passive case surveillance at Kapkangani Health
Center and Bondo District Hospital. To minimize obstacles to
seeking treatment, diagnosis and treatment at the local health
unit were provided free of charge for school children enrolled
in the study. At the end of the surveillance period, a crosssectional survey among all school children was conducted to
assess anthropometric status and the prevalence of helminth
infections. Stool samples were examined for Schistosoma
mansoni and intestinal nematodes using the Kato-Katz
method. Weight was measured to the nearest 0.1 kg on a
Soehnle electronic balance (Leicester, United Kingdom) with
children wearing minimum clothing. Height was measured to
the nearest 0.1 cm using a portable fixed-base stadiometer.
Age was derived from the date of birth recorded in the school
register. Height-for-age and weight-for-age of each child were
expressed as differences from the median National Center for
Health Statistics (NCHS) (Hyattsville, MD) reference values
in z-scores.10 A child was classified as stunted or underweight
if his or her z-score of height-for-age and weight-for-age, respectively, was in excess of 2 SD below the NCHS median.
Household mapping and household surveys in the highlands. Since some heterogeneity in transmission risk was anticipated within the highland study area, the homes of every
schoolchild who had been enrolled in the study were visited
and mapped.11 The location and elevation of homes were
determined using a hand-held differential global positioning
system with a positional and vertical accuracy within five
meters.
Statistical analysis. Person-years analysis was carried out to
determine the incidence density of episodes of clinical attacks. An episode of malaria was defined as a child with one
or more of the screening symptoms and a parasite density
threshold ⱖ 500 parasites/L of blood, which was previously
shown to be appropriate for children 10–14 years old in a
holoendemic area of western Kenya.12 Episodes in the same
child occurring more than 28 days apart were regarded as
repeat attacks. Four episodes, that occurred between 21 and
28 days after the first episode, were classified as late treatment failures and excluded from analysis.
For each child, the period under surveillance was determined from the class register of attendance kept by teachers.
Any child absent from school for a period of 10 or more
consecutive days was censored during the period of absence.
Similarly, any child known to have received medical attention
from any source other than the survey team, including any
public or private health care provider, was censored for a
period of 28 days (31 children in Nandi and 4 in Bondo).
Twelve children, eight who were persistently absent and four
who were treated privately on more than one occasion, were
removed from the dataset.
The standard World Health Organization cut-off value of
120 g/L for defining anemia in children 12–14 years old was
corrected for the lower mean hemoglobin seen in populations
of African extraction (−10 g/L) and height above sea level.13
Due to the altitude difference, anemia was defined differently
in the two study areas: a cut-off of 112 g/L was applied in
Bondo and a cut-off of 116 g/L was applied in Nandi. No
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adjustment was made for variation with age and sex. Data
were analyzed using Epi-Info version 6.04d (Centers for Disease Control and Prevention, Atlanta, GA) and Excel威 2002
(SP1) (Microsoft, Redmond, WA). A chi-square test or Fisher’s exact test (as appropriate) were used to assess differences
in proportions. Continuous data were analyzed using Student’s t-test. A logarithmic transformation was applied to normalize parasite counts, and the geometric mean parasite density was compared. Incidence rates were compared using a
trend test for rates.14
RESULTS
Data from 1,239 children in standards 3–7 were analyzed:
523 children in Bondo and 716 in Nandi. The age and sex
distribution was similar in both districts (Table 1). A greater
proportion of children in Nandi were underweight for their
age, although this may reflect differences in physique between the two ethnic groups rather than nutrition. Helminth
infections were uncommon in both areas, nevertheless the
prevalence of all intestinal helminth species was higher in
Bondo than in Nandi. Bed net use was low, although more
school children reported sleeping under a bed net in Bondo
than in Nandi. Recent use of an antimalarial was reported by
< 10% of the school children, and was more frequent in
Bondo than in Nandi.
During the 11-week surveillance period, 606 school children with suspected malaria were screened: 330 children in
Nandi and 276 in Bondo. The proportion of symptomatic
children with confirmed parasitemia (any Plasmodium species) differed according to study area, with more children
being slide positive in Nandi (47%) than in Bondo (23%).
The number of children with a parasite density ⱖ 500 parasites/L, indicating a high probability that their symptoms are
attributable to malaria infection was 146 (44% of those
screened) in Nandi and 38 (14%) in Bondo. Hemoglobin levels were higher in Nandi than in Bondo (Mean hemoglobin
level ⳱ 130 g/L and 122 g/L, respectively; t ⳱ 5.78, P < 0.001),
which was slightly in excess of the 4–5 g/L difference that
would be expected due to the differing altitude between the
two areas. Similarly, the proportion of school children classified as anemic was slightly higher in Bondo than in Nandi:

25% of the 255 children in Bondo whose hemoglobin was
assessed had a hemoglobin level < 112 g/L compared with
19% of 298 children in Nandi with a hemoglobin concentration < 116 g/L. This difference was not statistically significant
(2 ⳱ 3.22, P ⳱ 0.073).
Signs and symptoms. The most common symptoms reported by the 184 school children with a clinical attack of
malaria (as defined earlier) in the 24 hours before examination were headache (88%), chills (31%), fever (17%), malaise/body weakness (14%), vomiting (11%), generalized body
pain (11%), abdominal pain (11%), and cough (7%). In contrast to the low rate of self-reported fever, more than half the
children were febrile on the day of screening (54% with an
axillary temperature ⱖ 37.5°C), indicating that fever is not
readily perceived by school children. Twenty-two percent of
the cases were anemic, and one case had a hemoglobin level
< 70 g/L. None of the cases died.
A raised body temperature was the most useful diagnostic
indicator in both study areas, with a greater proportion of
cases being febrile than non-cases (Table 2). Cases in Nandi
were also more likely to report chills and/or vomiting in the
last 24 hours, but these were non-specific signs in Bondo.
Headache, malaise, and abdominal pain were as commonly
reported among cases as among non-cases in both areas. Malaria was more clearly associated with anemia in Nandi, with
the mean hemoglobin level being significantly lower among
cases than among non-cases, and with 23% of the cases being
anemic compared with 16% of the non-cases. The mean hemoglobin level did not differ between cases and non-cases in
Bondo.
Incidence of clinical attacks of malaria. One-fourth of the
school children under surveillance in the highland schools
experienced one or more clinical attacks, with 11 (2.1%) experiencing two attacks within the 11-week surveillance period. No repeat attacks were seen in lowland schools. The
incidence of malaria was much higher in highland schools
than in the lowland schools (Figure 2). The overall incidence
of clinical attacks in Nandi schools was 0.029/child-week of
observation (95% confidence interval [CI] ⳱ 0.024–0.034)
compared with 0.005/child-week (95% CI ⳱ 0.003–0.006) in
Bondo schools (2 ⳱ 116.79, degrees of freedom [df] ⳱ 1,
P < 0.001). If all children with a positive blood film are clas-

TABLE 1
Characteristics of school children under surveillance (standards 3–7 [8–14 years old])*

Malaria endemicity
Altitude (meters)
Number enrolled
Mean age in years (range)
Sex ratio, % male
Anthropometric status
Stunted
Underweight
Helminth prevalence
Ascaris lumbricoides
Trichuris trichiura
Hookworm
Schistosoma mansoni
Bed net use (yes/no)
Use of antimalarials in previous week

Bondo

Nandi

P

Holoendemic perennial
1,219–1,230
720
12.1 (8–17)
48.8%

Low and unstable
1,681–2,056
520
12.6 (7–20)
49.1%

NS

17.5%
9.5%

19.4%
24.6%

NS
< 0.001

17.0%
17.4%
24.9%
11.8%
11.5%
8.3%

14.5%
7.3%
12.2%
0.0%
2.4%
3.9%

NS
< 0.001
< 0.001
< 0.001
< 0.001
0.023

* NS ⳱ not significant (P > 0.10); Stunted ⳱ height-for-age > 2 SD below the National Center for Health Statistics (NCHS) median reference value;10 Underweight ⳱ weight-for-age > 2 SD
below the NCHS median reference value.10
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TABLE 2
Clinical presentation of school children with suspected malaria*
Bondo
Holoendemic schools

Number of children
Self-reported symptoms
Fever in last 24 hours
Chills/shivering
Headache
Malaise/body weakness
Generalized body pain
Abdominal pain
Vomiting
Febrile (ⱖ 37.5°C)
Mean hemoglobin level
Anemic

Slide negative or
parasitemia < 500/L

Malaria cases
ⱖ 500/L

238

38

4%
32%
87%
7%
1%
11%
3%
14%
122 g/L
26%

5%
21%
79%
5%
5%
13%
8%
31%
121 g/L
19%

Nandi
Highland schools
P

NS
NS
NS
NS
NS
NS
NS
0.010
NS
NS

Slide negative or
parasitemia < 500/L

Malaria cases
ⱖ 500/L

184

146

13%
19%
85%
15%
7%
14%
2%
27%
133 g/L
16%

20%
34%
90%
16%
12%
11%
12%
60%
128 g/L
23%

P

0.07
0.002
NS
NS
0.07
NS
< 0.001
< 0.001
0.007
0.096

* NS ⳱ not significant (P > 0.10).

sified as a malaria case, the incidence seen in Nandi increases
slightly to 0.031 clinical attacks/child-week. This pattern was
mirrored in the parasite density among slide-positive children
(Figure 3). Infected school children in the highlands had high
parasite loads (geometric mean ⳱ 9,154 parasites/L). In
contrast, parasite levels among slide-positive school children
in Bondo were much lower (geometric mean ⳱ 739/L; t ⳱
10.52, P < 0.001).
Incidence estimates for the individual schools in Bondo
were similar, ranging from 0.0009 to 0.0069 clinical attacks/
child-week of observation (P > 0.05). However in the highlands, there was greater heterogeneity between schools in the
same area (Figure 2). The overall incidence was lower in
Kiborgok (0.013 clinical attacks/child-week), whose catchment population included homes located higher up the Nandi
escarpment, than for the other two schools (0.032 and 0.047
clinical attacks/child-week, respectively). When incidence is
calculated according to the elevation of each child’s home, a
steady decrease is seen with increasing altitude (2 for trend
⳱ 30.87, df ⳱ 1, P < 0.001) (Figure 4). A five-fold difference
in the incidence of clinical malaria was observed among highland school children sleeping in houses located at an altitude < 1,750 meters compared with those living at an altitude
ⱖ 1,850 meters: 0.009 compared with 0.048 clinical attacks/

FIGURE 2. Incidence of clinical malaria among school children
living in two areas of western Kenya: an epidemic-prone highland
area and a holoendemic area of intense, perennial transmission. Error
bars show 95% confidence intervals. m ⳱ meters.

child-week, respectively (relative risk ⳱ 5.1, 95% CI ⳱ 2.5–
10.2).
The incidence decreased among older children in both districts, but these age trends were not significant. There were no
differences according to sex.
DISCUSSION
People living in areas where malaria transmission is low
and unstable remain at risk of clinical attacks of malaria at
older ages, and epidemics can result in increased morbidity
among school children, more deaths, and considerable disruption of schoolwork.15 A six-fold higher incidence of malaria
attacks was seen among school children during the epidemic
in the Kenyan highlands in 2002, compared with school children living in a holoendemic area of western Kenya, during
the period of peak transmission in both areas. The high incidence rate, coupled with high parasite densities among cases,
is compatible with a low level of functional immunity in the
highlands. The majority of children were of indigenous highland descent, and data on history of residence showed that

FIGURE 3. Plasmodium parasite density among symptomatic
cases with a positive blood film (n ⳱ 219). *The data are logtransformed using a natural logarithm: ln (parasite count). Horizontal
lines in boxplots show 21⁄2, 25, 50 (median), 75, and 971⁄2 percentile
points.
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FIGURE 4. Incidence of clinical malaria among school children in
the highlands in relation to the altitude of the child’s home: altitude
range ⳱ 1,681–2,056 meters. Error bars show 95% confidence intervals.

none had previously lived in a malarious area. With the increasing frequency of epidemics in the east African highlands,8 the impact that malaria may have on children and their
educational achievement in school should not be overlooked.
In contrast, the lower incidence of malaria in the holoendemic lowland schools is compatible with repeated exposure
to malaria parasites in early life leading ultimately to the
ability to limit parasite growth, such that by the time a child
starts school, episodes of clinical malaria have usually become
both less common and less severe. We cannot exclude the
possibility that genetic differences between the two populations also play a role because this was not examined in the
study. Prior use of antimalarials could affect both observed
disease incidence and parasite density, but although more
children in holoendemic schools reported having taken an
antimalarial drug prior to screening compared with children
in highland schools, this is not sufficient to account for a
six-fold difference in incidence. It is also questionable whether the drugs and dose administered would be sufficient to
achieve clinical cure.16 The case definition used incorporated
a parasite density cut-off that was found to be appropriate
among school children living in holoendemic areas,12 and may
be less valid for a non-immune population in whom infection
is more likely to result in symptomatic illness. However, in
highland schools the estimates of incidence were similar irrespective of whether a parasite density cut-off was used or not,
due to the high parasite densities seen in children with symptoms. It was thus possible to apply a single case definition for
this age group, irrespective of local transmission intensity.
The patterns in hemoglobin level seen in the two study
areas may in part reflect the differing pathologic mechanisms
that give rise to anemia in parasitemic children.17 In Nandi,
clinical attacks of malaria were clearly associated with lower
hemoglobin levels, suggesting that uncontrolled parasite
growth and increased erythrocyte destruction in a nonimmune subject results in acute anemia. The high parasite
densities among cases support this. Increased erythrocyte destruction may continue up to two weeks post-infection,18 and
the full extent of acute malaria-related anemia in the highlands may be underestimated in our dataset. In Bondo, parasite densities were lower and clinical episodes of malaria were
not associated with reduced hemoglobin levels. Nonetheless,

chronic, low-level, asymptomatic infection with malarial parasites may have contributed to decreased hemoglobin levels in
this semi-immune population. Other environmental and genetic differences between the two study areas may also play a
role, such as the higher prevalence of hookworm in Bondo
than in Nandi.
Ethnographic investigations showed that local perceptions
of malaria differed between highland and lowland schools,19
and were consistent with the differing epidemiology of malaria in the two areas. In the Nandi highlands, malaria was
seen as a life-threatening illness, and all those interviewed
knew of school children who had died of malaria. There was
a distinct local term for malaria (cheptigonit) and specific local herbal medicines. In contrast, in Bondo, malaria was seen
as a mild “everyday illness” that was not clearly distinguished
from other common illnesses. Nevertheless, malaria was
ranked as the most common health problem among school
children in both areas.
The observed incidence of clinical attacks in Bondo is similar to other previously reported rates for school age children
living in holoendemic areas (Table 3). While the age range
and methods of case detection differ between studies, the
empirical estimates are surprisingly consistent. In the majority of studies undertaken in areas with intense, perennial
transmission, the annual malaria incidence was typically
about 20–25 cases/100 children per year. Two studies observed higher incidence rates. We could not identify any substantive methodologic difference between these and the other
studies, although some variation in point estimates can be
expected as a result of the inter-annual and seasonal fluctuations that typify malaria transmission. In comparison, in all
areas of low endemicity, the annual incidence of clinical attacks exceeded 34 cases/100 children per year. In unstable
areas, this can rise to 82 cases/100 child-years during an epidemic (as recorded in our study). Although the case definitions used did not always exclude children with low-density
parasitemias (whose symptoms can be attributed to malaria
with less certainty), it seems reasonable to conclude that
school age children living in areas of low transmission experience as many, if not more, clinical attacks per year than
children who are exposed to intense perennial transmission.
A single estimate for Nandi masks substantial spatial heterogeneity within the area. Altitude is a well-recognized parameter in delimiting where malaria transmission can occur,
and was associated with a five-fold decrease in malaria incidence between an elevation < 1,750 meters and one ⱖ 1,850
meters. Multivariate analysis including other environmental,
household and individual-level factors confirmed altitude of
child’s home to be the most important risk factor in our highland study population.11 Spatial heterogeneity was also observed in Dakar, Senegal, where malaria incidence ranged
from 27 to 109 per 100 school children per year according to
distance of the child’s home from mosquito breeding sites.20
Similar micro-variation over short distances has also been
reported in other low-transmission settings.21,22
In summary, the data reported here, taken together with
other published studies, indicate that the risk of malaria morbidity among school age children increases as transmission
intensity decreases. The higher malaria burden seen among
school children in low-transmission settings presumably reflects host differences in prior exposure and delayed acquisition of immunity. Within populations with little or no ac-
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TABLE 3
Incidence rates of slide-confirmed clinical attacks of malaria among school age children in relation to transmission intensity*

Transmission setting

EIR

Location

Stable
Holoendemic
All areas of perennial
transmission

Up to 300

Asembo Bay,
West Kenya12
Bondo, West Kenya
Congo29

Up to 300
Up to 250
100–200
100
100

ibid
Low-to-moderate
seasonal
Low (urban)
Unstable
Epidemic-prone
highlands

50–75
NA

Dielmo, Senegal30
Gabon31
Cameroon11
The Gambia32
Ghana33

<1

Dakar, Senegal20

NA

Nandi, Kenya
(range among
schools)
Madagascar34

NA

Age
range
(years)

No. of
children

Period of
observation

ACD every
two weeks
ACD daily
ACD daily
ACD weekly
ACD daily
ACD daily
ACD daily

10–14

262

2 years

1.816

21.79

8–17
11–13
11–13
11–14
7–17
7–17

716
48
53
14
228
186

11 weeks
10 days (peak)
17 weeks
4 months
9 months
6 months

2.135
6.25
3.661
1.786
4.142
2.150

25.57
–
47.60
21.43
49.71
25.81

ACD weekly
Repeated
surveys†
ACD daily†

9–11
12–20

20
248

7 months
4 months

–
5.040

35
40.32–60.48‡

7–11

397

15 days

7–20

523

11 weeks

10–14

445

Method of
surveillance

ACD daily
Outpatient
screening†

6 months

Observed
incidence/
100/month

Malaria
incidence/
100 per year

5.643

33.86‡

12.810
(5.49–20.44)

51.24‡
(21.96–81.74)‡

5.84

35.06

* EIR ⳱ entomologic inoculation rate; typical level of malaria exposure in area expressed as number of infective bites per person per year. NA ⳱ data not available.
ACD ⳱ active case detection in schools and/or homes. All school-based studies followed up absentees at home.
† Case definition did not include a parasite-density threshold, and may include symptomatic children with low grade parasitemias.
‡ Annual incidence was calculated according to number of months of transmission per year.

quired immunity, infection is more likely to result in symptomatic illness, and incidence rates are positively associated
with an increased probability of exposure.
In stable transmission areas, where clinical attacks are mild
and infrequent, the impact of malaria among semi-immune
school children is primarily indirect. Anemia resulting from
persistent parasitemia may affect concentration and performance, although the impact is thought to be minimal compared with iron-deficiency anemia.2 In contrast, in areas of
low or unstable transmission, malaria exerts direct, as well as
indirect, effects. Among school children with little immunity,
Plasmodium infections are more likely to result in symptomatic illness and, as our data indicate, clinical attacks are also
associated with more anemia. Having used a system of active
case detection and treatment, we were unable to investigate
other aspects of malaria among school children, such as absenteeism, the incidence of severe malaria, or access to treatment under normal circumstances. Other studies suggest that
malaria can account for up to 8% of school absenteeism,23
while in areas of low and unstable transmission epidemics can
dramatically affect school attendance.15 Cerebral malaria is a
more common complication in older children,24,25 and may be
of particular concern among non-immune school children
who remain vulnerable to clinical attacks of malaria at older
ages. Cerebral malaria is associated with a high case-fatality
rate, and it is estimated that 5–20% of those who survive will
have gross neurologic sequelae.2 Whether the impact in older
individuals at a later stage of neurologic development is similar is unclear. Few studies have documented the burden of
malaria in older children and adults,26 and the incidence and
long-term sequelae of cerebral complications among older
age groups particularly warrants study.
Through impaired schooling and educational attainment,
malaria ultimately impacts on human capital and economic
development of populations living in malarious areas.27
Schools offer a potential delivery mechanism for interventions to improve prompt and effective treatment of malaria.4,28 A variety of approaches may be possible. First,

teachers and pupils need to be equipped with accurate knowledge of appropriate treatment practices through educational
materials and training that aim at improving recognition of
symptoms and treatment practices, as well as disease prevention and health promotion.19 The provision of active control
measures in schools, such as intermittent preventive treatment or engaging teachers in routine diagnosis and treatment
of pupils can also potentially lessen the impact of malaria.
Improving diagnosis and treatment is particularly important
in areas of low and unstable transmission where the incidence
of clinical attacks in school children is greatest. During epidemics, teachers can also be trained to serve as drug distributors for all age groups in the community (Abeku T, unpublished data). In holoendemic areas, strategies such as intermittent preventive treatment to lessen malaria-associated
anemia, integrated into broader school health programs, may
be most appropriate.
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