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Abstract

Background: There is evidence that the age-pattern of Plasmodium falciparum malaria varies with transmission intensity. A
better understanding of how this varies with the severity of outcome and across a range of transmission settings could
enable locally appropriate targeting of interventions to those most at risk. We have, therefore, undertaken a pooled analysis
of existing data from multiple sites to enable a comprehensive overview of the age-patterns of malaria outcomes under
different epidemiological conditions in sub-Saharan Africa.

Methodology/Principal Findings: A systematic review using PubMed and CAB Abstracts (1980-2005), contacts with experts
and searching bibliographies identified epidemiological studies with data on the age distribution of children with P.
falciparum clinical malaria, hospital admissions with malaria and malaria-diagnosed mortality. Studies were allocated to a
3x2 matrix of intensity and seasonality of malaria transmission. Maximum likelihood methods were used to fit five
continuous probability distributions to the percentage of each outcome by age for each of the six transmission scenarios.
The best-fitting distributions are presented graphically, together with the estimated median age for each outcome. Clinical
malaria incidence was relatively evenly distributed across the first 10 years of life for all transmission scenarios. Hospital
admissions with malaria were more concentrated in younger children, with this effect being even more pronounced for
malaria-diagnosed deaths. For all outcomes, the burden of malaria shifted towards younger ages with increasing
transmission intensity, although marked seasonality moderated this effect.

Conclusions: The most severe consequences of P. falciparum malaria were concentrated in the youngest age groups across
all settings. Despite recently observed declines in malaria transmission in several countries, which will shift the burden of
malaria cases towards older children, it is still appropriate to target strategies for preventing malaria mortality and severe
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morbidity at very young children who will continue to bear the brunt of malaria deaths in Sub-Saharan Africa.
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Introduction

The peak prevalence of Plasmodium falciparum malaria infection is
known to shift to younger age groups as transmission intensity
increases [1]; there is ample evidence for this from the field [2].
However, while there is a general acceptance that the same shift in
peak age occurs for severe malaria [3-8], there has been limited
evidence of this for uncomplicated clinical malaria [9,10]. A recent
analysis of data from seven demographic surveillance sites in sub-
Saharan Africa suggested that the peak age of malaria mortality is
similar across sites, despite differences in transmission intensity [11].

The “peak shift” phenomenon has been described for malaria
and other infections to which immunity i1s acquired [12,13] and
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has two implications for control. First, identification of the age
groups bearing the greatest burden of clinical malaria for a given
transmission setting would enable interventions to be targeted to
those worst affected. Secondly, it implies that reported declines in
malaria transmission intensity, and future progress towards
malaria elimination, will result in a shift of malaria morbidity
towards older children, as has recently been observed [14-16].
Several research groups have undertaken exercises to quantify
the burden of malaria regionally or globally [17-21], or to assess
how the intensity of malaria of different severities varies with
transmission intensity [22-24]. However, there has been no
comprehensive assessment of the comparative age-patterns of
different malaria outcomes across a wide range of epidemiological
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settings. This study builds on previous data abstraction efforts to
collate and analyse the age distribution among children of clinical
malaria, hospital admissions with malaria and deaths diagnosed as
malaria. Data are abstracted from epidemiological studies across
sub-Saharan Africa. We have not considered data from outside
sub-Saharan Africa because of the very different epidemiology of
malaria in many of these areas with P. vivax playing an important
role. We use statistical modelling of these data to describe the age-
patterns of P. falctparum malaria for six broad epidemiological
settings categorised according to distinct combinations of malaria
transmission intensity and seasonality.

Methods

Data Sources and Definitions

Systematic literature reviews were undertaken using the
PubMed and CAB Abstracts (BIDS) online abstracting databases,
the WHO publication Library (WHOLIS: www.who.int/library/
databases/en/) and the SIGLE grey literature database (www.
opensigle.inist.fr), conducting key author searches and cross-
checking the bibliographies of references identified and of previous
literature reviews on malaria morbidity and anaemia [25]. A
review of studies that measured entomological inoculation rates
(EIR) between 1970-2005 was undertaken in November 2005
using combinations of the following search terms: EIR, entomo-
logic* inoculation rate, sporozoites inoculation rate, anoph*,
vector® capacity, biting rate, sporozoite rate, sporozoites index,
malaria transmission, entomol*, malaria control, light trap,
pyreth® spray, human bait. The EIR studies were screened for
quality, including sampling methods, length of sampling period
and frequency of sampling. A review of studies that measured
parasite prevalence between 1980-2006 was undertaken in
February 2006 using combinations of the following search terms:
malaria, falciparum, parasit¥, epidemiology, parasitology, trans-
mission, prevalence, morbidity, cross-sectional survey, child,
infant. A review of studies that measured malaria morbidity and
mortality outcomes between 1980-2005 was undertaken in
October 2005 (see Figure 1) using combinations of the following
search terms: malaria, falciparum, morbidity, mortality, epidemi-
ology. An additional review of studies on all-cause hospital
admissions from 1980-2008 was undertaken in July 2008 using
combinations of the following search terms: hospitalization,
hospitals/statistics and numerical data, hospitals/trends, hospi-
tals/utilization, inpatients, hospital mortality, pediatrics. Only
studies undertaken from 1980 in sub-Saharan Africa in areas
endemic for Plasmodium falciparum and which reported on malaria
outcomes in children (under 15 years of age) were included. Age of
clinical malaria episodes and malaria-diagnosed deaths was
obtained from community-based studies of a representative sample
of the population, while age of hospital admissions with malaria
was identified from hospital-based studies. Only data from baseline
periods or control arms of intervention studies were included, to
prevent confounding of the relationships under investigation,
especially by transmission reducing interventions.

All relevant references were collected, examined and key
information abstracted directly into a relational database form in
Microsoft Access, which was developed to link the studies using
geographical co-ordinates. When additional information was
needed, authors were contacted for further details. A number of
authors shared individual-level datasets, or a more detailed age-
breakdown of malaria outcome data than was publically available.

Data on the incidence of clinical malaria were obtained from
longitudinal studies using either active or passive case detection.
Case definitions varied according to (1) whether or not reported
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history of fever was considered, and over what time period (24 or
48 hours), (ii) whether a concurrent axillary (=37.5°C) or rectal
(=38.5°C) temperature measurement was considered, and (iii)
whether a parasite density threshold was used. An age-specific
fever density threshold calculated according to previously
described methods to ascertain the malaria-attributable fraction
of fevers in endemic areas [26] was used in some studies [27-32].
Where data were available to us [33-40], the number of malaria-
attributable fevers in each age group was calculated using the
following formula:

L] (I, x P)
e (1-P)

where I, is the incidence of fevers truly attributable to malaria,
1s the incidence of fevers associated with malaria parasites, 7, is the
incidence of fevers not associated with malaria parasites and P is
the prevalence of P. falciparum. In some cases, data on age-specific
fever incidence or parasite prevalence was obtained from other
studies from the same site and linearly interpolated if the same
age-categories were not available.

It was not possible to estimate the malaria-attributable incidence
of fevers adjusting for changes in a parasite density threshold with
age for 11 of the 29 studies included in this analysis. Of these, 6/11
used a fixed fever density threshold, with 3/6 calculating a locally
specific density threshold based on the malaria-attributable
fraction. A sensitivity analysis was undertaken to assess the impact
of using different threshold densities on the results.

Hospital admissions with malaria were all (or, in some cases, a
proportional sample) of admissions to the paediatric ward of a
given hospital who had a positive rapid diagnostic test or blood
flim for malaria. All-cause hospital admissions were all admissions
to a paediatric ward. Malaria-diagnosed deaths were obtained
from studies using recognised verbal autopsy methods, and include
all acute febrile illness deaths minus those with an obvious
alternative cause. Data on all-cause deaths were obtained from the
malaria-diagnosed deaths literature review, and were not searched
for separately.

Classification of Study Site Transmission Intensity and
Seasonality

Given the imprecision and temporal variability of EIR
estimates, malaria transmission intensity was arbitrarily catego-
rised into three broad categories as low (EIR<<10 bites per person
per year (pppy)), medium (EIR 10-100 bites pppy) or high
(EIR>100 bites pppy). Settings where malaria is epidemic were
not included. Few studies reported good quality EIR estimates,
and the previously described log-linear relationship between EIR
and parasite prevalence [41,42] was independently confirmed
from the studies identified through our searches. The log-linear
relationship identified cut-offs of <25%, 25-60% and >60%
parasite prevalence in children <5 years of age to be approxi-
mately concordant with the low, medium and high transmission
intensity using EIR [25]. Using the geo-referenced relational
database, each study was assigned to a transmission intensity
category on the basis of EIR or parasite prevalence studies from
within the same second administrative level, matched as closely as
possible in time.

The seasonality of malaria transmission for a given setting was
difficult to define, with contradictory descriptions sometimes given
by different authors for the same site. Preliminary analysis of
monthly incidence data revealed a continuum of seasonal patterns,
which could be arbitrarily divided into those with =75% of
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Figure 1. Systematic literature review process. Flow diagram describing the systematic review of literature on the age-breakdown of
uncomplicated clinical malaria, hospital admissions with malaria and malaria-diagnosed deaths.

doi:10.1371/journal.pone.0008988.9001

episodes concentrated in =6 months of the year, considered to
have “marked seasonality”, and those with no marked seasonality
[43]. The MARA (Mapping Malaria in Africa) maps of seasonality
of climate suitability for malaria were consulted [44] if consistent
definitions were not available from published references. In a few
instances where no additional data on transmission intensity or
seasonality were available for a given study, malaria experts with
local knowledge were consulted. See Tables S1, S2, and S3 for
criteria and sources used to allocate each study to one of six cells of
a transmission intensity-seasonality matrix as presented in Table 1:
low, medium, high transmission, with marked or no marked
seasonality.

@ PLoS ONE | www.plosone.org

Statistical Analyses

The malaria outcomes described are incidence of clinical malaria
with fever, numbers of hospital admissions with malaria parasites
and numbers of malaria-diagnosed deaths in the community. Data
on age of all-cause hospital admissions and all-cause mortality were
also abstracted for comparative purposes. Data on each outcome
were abstracted by age (in months under five-years of age, if
possible, and then by year) up to 15 years. Studies based on very
small sample sizes (<50 cases or person-years at risk) were excluded
because the percentage age-distributions could easily be spurious.
For the hospital admissions with malaria and malaria-diagnosed
deaths, 1 [45] and 2 [46,47] studies respectively which reported only
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Table 1. Distribution of research study countries and sites by matrix of transmission intensity and seasonality.

Outcome Seasonality

Transmission Intensity (Entomological Inoculation Rate [bites per person per year (pppy)])

<10 bites pppy*

10-100 bites pppy

>100 bites pppy

Clinical malaria Marked Mali (Sotuba), Senegal

seasonality (Central & South Dakar)
No marked Ghana (Prampram),
seasonality Uganda (Kampala),

Hospital
admissions

with malaria The Gambia (Banjul, Sibanor)

parasites
No marked -
seasonality
Malaria- Marked Seasonality -
diagnosed
mortality
No marked -
seasonality

Cameroon (Ebolakounou),

Mali (Sotuba), Mozambique (Maputo),
Senegal (Niakhar), The Gambia
(Upper Baddibu)

Gabon (Lambarene), Mozambique
(Manhica), Tanzania (Ifakara, Muheza
highlands)

Burkina Faso (Nouna),
Ghana (Kassena-Nankhana),
Mali (Doneguebougou)

Benin (Atlantic Coast), Cameroon
(Koundou), Cote d'lvoire
(Korhogoro), Ghana (Afigya

Marked Seasonality Guinea Bissau (Bissau), Senegal (Dakar),
Sudan (Geradif), Tanzania (Huruma, Kibosho), Mozambique (Maputo),

Sekyere), Kenya (Asembo Bay),
Senegal (Dielmo), Tanzania
(Idete, Muheza, Tanga)

Burkina Faso (Ougadougou), Burkina Faso (Sorou & Nayala)

Tanzania (Same), Zambia (Choma)

Ghana (Tamale), Tanzania
(Tanga)

Benin (Cotonou), D. R. Congo
(Brazzaville, Kinshasa), Gabon
(Lambarene, Libreville), Ghana

(Kumasi), Kenya (Kilifi), Malawi
(Blantyre, Mangochi, Zomba),
Mozambique (Manhica),

Nigeria (llorin), Tanzania (Ifakara, Moshi)

The Gambia (Farafenni, South Bank, Burkina Faso (Kourweogo,

Upper River Division), Senegal (Niakhar) Nouna, Oubritenga), Ghana
(Kassena-Nankhana),
Senegal (Bandafassi)

Kenya (Kilifi), Mozambique (Manhica),
Tanzania (Ifakara, Rufiji)

Burundi (Nyanzalac), D. R. Congo
(Katana), Guinea (Mandiana),
Kenya (Asembo Bay, Kisumu),
Tanzania (Bagamoyo)

doi:10.1371/journal.pone.0008988.t001

on children less than 5 years of age were excluded as these would
otherwise skew the age distribution as there was no denominator for
analysis of these outcomes.

All data were analysed using Stata 10.1 (StataCorp. 2007. Stata
Statistical Software: Release 10. College Station, TX: StataCorp
LP). A user-written (JG) command (details available on request
from the authors) was used to censor the data at different age
intervals (interval-censored) and to use data with different
maximum age values (right-truncated). This enabled the inclusion
of studies that reported on different age ranges and used different
age groupings. The percentage of each outcome by age (0-10
years - excluding neonates for malaria-diagnosed mortality) was
calculated for each study. Studies from the same research setting
were included if there was no temporal overlap. However, it was
not possible to adjust the analyses for intra-cluster correlation
within site due to small numbers of studies from the same site.
Data from sites in the same cell of the transmission matrix were
analysed together and five continuous probability distributions
(gamma, Weibull, log-normal, log-logistic, exponential) were fitted
to the data using a time-to-event likelihood for severe events, or
Poisson likelihood to account for the person-time at risk for the
incidence of clinical malaria. The distributions with the lowest
AIC (Akaike Information Criterion) value were identified as the
best fitting [48]. For the analysis of malaria-diagnosed deaths, the
fitted distributions were re-scaled to exclude children under 1
month of age, as neonatal deaths are difficult to attribute and
malaria is not considered a major problem in this age group. The
median age was calculated as the 50" percentile of the best-fitting
distribution for each outcome and transmission scenario.

@ PLoS ONE | www.plosone.org

Results

A total of 29, 36 and 21 studies were included in the analysis of
clinical malaria, hospital admissions with malaria, and malaria-
diagnosed mortality respectively (see Table 2). In addition, 22
studies on all-cause admissions and 28 studies on all-cause
mortality were also analysed (data not shown). For malaria and
all-cause hospital admissions, there were no data from areas with
no marked seasonality and low transmission intensity. For all-
cause admissions there were also no data for areas of high intensity
and marked seasonality. However, the analyses included 3 studies
from areas with sporadic or no malaria transmission. For malaria-
diagnosed mortality, there were no data from areas with low
transmission.

Figure 2 shows the percentage of each outcome by age for
children under 10 years, such that the integral of the curve is equal
to one, i.e. 100% of expected cases. Clinical malaria is relatively
evenly distributed across all ages with a shift towards younger age
groups as transmission intensity increases, both in areas of non-
marked and marked seasonality. The median age for clinical
malaria ranges from 32 months (Inter-quartile range (IQR): 15,
61) in settings of highly intense and not markedly seasonal
transmission, to 72 months (IQR: 45, 97) in settings of low
intensity and markedly seasonal transmission. In six studies, the
estimation of malaria-attributable fevers resulted in negative values
for some age-groups, and these were considered to be zero cases of
malaria-attributable fevers. For one study [37], all age-groups had
a higher asymptomatic prevalence of infection than prevalence of
fevers associated with parasites, resulting in this study contributing
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Table 2. Number of studies, (research sites) and [sources of data] included in the analyses, with best-fitting probability

Outcome Seasonality

Transmission Intensity (Entomological Inoculation Rate [bites per person per year (pppy)])

<10 bites pppy

10-100 bites pppy >100 bites pppy

Clinical malaria Marked seasonality

No marked seasonality

Hospital admissions with
malaria parasites

Marked Seasonality

No marked seasonality 0-
Malaria-diagnosed mortality Marked Seasonality 0-

No marked seasonality 0-

3 (2) [10,39,60] Log-normal
2 (2) [27,38] Log-normal

9 (6) [6,70-76] Log-logistic

5 (5) [10,29,32,61,62] Log-normal
6 (5) [34,36,40,64-66] Gamma

4 (3) [10,37,45,63] Log-normal

9 (9) [28-31,33,35,36,67-69] Log-
normal

6 (4) [5,6,77-80] Log-logistic 1 (1) [5] Log-logistic

18 (14) [6,14,74,81-90] Log-normal
6 (4) [92-97] Log-normal
4 (4) [11,100] Log-logistic

2 (2) [6,91] Log-logistic
6 (5) [11,96,98,99] Log-logistic
5 (5) [11,101-104] Gamma

doi:10.1371/journal.pone.0008988.t002

an incidence of zero malaria-attributable cases across the age-
groups 6-24 months.

A sensitivity analysis using no threshold density and a fixed
density cut-off for those studies for which data were available
suggested that the age-pattern would be slightly more evenly
distributed across age groups if an age-specific cut-off was not used
(data not shown). Therefore, the results presented here are likely to
partially underestimate the proportion of clinical malaria that
occurs in younger age groups, especially for areas of marked
seasonality where 7/12 studies used a fixed density threshold or no
threshold density to define clinical malaria.

Marked Seasonality

Hospital admissions with malaria parasites are more concen-
trated in younger children than is clinical malaria in all settings,
and these severe cases become more concentrated in younger ages
with increasing transmission intensity and less seasonality. The
median age ranges from 17 months (IQR: 10, 29) at high, not
markedly seasonal transmission to 36 months (IQR: 20, 60) at low
and markedly seasonal transmission.

Malaria-diagnosed mortality is more focussed in younger
children than admissions with malaria in all settings for which
there are comparative data. Once more there is a distinctive shift
of the peak age towards infants as transmission becomes more

No Marked Seasonality
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Figure 2. Age-patterns of P. falciparum malaria in Sub-Saharan Africa. Percentage of uncomplicated clinical malaria, hospital admissions with
malaria and malaria-diagnosed deaths per month of age in children under ten years of age, by transmission intensity (Tl) and seasonality of malaria

transmission.
doi:10.1371/journal.pone.0008988.9g002
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intense. The median age for malaria-diagnosed mortality ranges
from 12 months (IQR: 6, 22) at high, not markedly seasonal
transmission to 28 months (IQR: 15, 51) at medium and markedly
seasonal transmission.

For all three outcomes, the age-patterns are less biased towards
younger ages in areas of marked seasonality than in areas without
marked seasonality for a given intensity of transmission. Table 3
shows the median ages and inter-quartile ranges for each outcome
for each cell of the transmission matrix.

Discussion

We have compiled and analysed available data on P. falciparum
malaria outcomes of different severities across all transmission
intensities in sub-Saharan Africa. Our analyses confirm previous
findings that the peak age of uncomplicated clinical malaria
declines with increasing transmission intensity. The most striking
finding, however, was the extent to which hospital admissions with
malaria, and especially malaria-diagnosed deaths, occur in the
youngest age groups regardless of transmission intensity. This has
implications for the age-targeting of malaria control strategies.

For uncomplicated clinical malaria, the distribution is relatively
even across all ages under-10 years with a slight tendency for the
age-pattern to shift towards younger age groups with increasing
transmission intensity. This is similar, although less pronounced, to
previously published comparative results from Senegal [9] and
Mali [10], some of which was excluded from this pooled analysis
(due to lack of denominator data for the Ndiop study [9]).

It is likely that inclusion of data without an age-specific density
threshold for one third of the studies will have resulted in a
dampening of the peak-shift effect reported here. The incidence of
non-malarial fever with incidental parasitaemia would be expected
to increase with age as parasite tolerance is acquired. The use of
no fever density threshold would therefore result in an overesti-
mate of the proportion of cases in older age groups, while the use
of a fixed “average” density threshold would result in an
underestimate of the proportion of cases at younger ages and an
overestimate of cases at older ages. Estimation of the frue malaria-
attributable incidence for many studies was hampered by a lack of
site-specific information on either all-cause fever or parasite
prevalence for the same age-ranges covered by our data. An
increase in the specificity of the case definition would shift the age-
distribution of malaria-attributable fevers further towards younger
ages, and this would increase with transmission intensity, as
parasite tolerance would develop earlier in life. In addition, not all
studies removed the time at risk after an antimalarial treatment,
and this will serve to underestimate the true incidence. This bias
will be more pronounced in the peak incidence age-groups

Age-Patterns of Malaria

resulting in a dampening of the age-patterns, especially at higher
transmission intensities.

Hospital admissions for malaria are concentrated in children
under-5 years of age in all settings, with a shift towards younger
ages with increasing intensity of malaria transmission. This is
consistent with previous reports that have compared data across
sites with different transmission intensities [3,4], as well as within
sites with observed declines in transmission intensity over time
[14-16]. The age-distributions of different syndromes of severe
malarial disease have previously been shown to vary with
transmission intensity [23,49,50]. A comprehensive analysis of
specific outcomes across a range of transmission settings has been
undertaken and will be presented elsewhere (Roca-Feltrer et al.,
manuscript in preparation).

Our analysis shows that, across all ranges of transmission
intensity, malaria-diagnosed mortality is focussed in the very
young. This is in keeping with recently published data on age-
specific malaria mortality rates from a number of sites in Africa,
which showed the peak age of malaria deaths to be in children
under 1 year of age [11].

Our findings have implications for malaria control programmes
that aim to tackle the worst effects of malaria. Based on the age-
pattern of clinical episodes and severe disease, the burden of
malaria deaths in the very young would likely be underestimated.
The situation is compounded by the fact that, in sub-Saharan
Africa, the majority of malaria deaths occur outside hospital and
are therefore less visible than cases of severe disease. Age-targeted
strategies such as intermittent preventive treatment of infants
(PTi) [51] and children (IPTc) [52], and vaccination against
malaria [53] are currently being investigated and are likely to have
arole to play in settings with moderate and high transmission [54].
The intensity of malaria is expected to decline in many areas as
efforts are made towards elimination [55], which will require a
move towards universal coverage with preventive interventions
[56]. However, it is likely that many of the countries in Africa will
not reach this situation for many years to come.

The age-patterns of all-cause mortality and all-cause hospital
admissions did not vary by malaria transmission setting (data not
shown). This may be due, in part, to the strong influence of neonatal
disease and death on these age-patterns, which we were unable to
deconstruct, as most data sets did not sufficiently disaggregate the
neonatal data. One exception was for all-cause admissions at
medium transmission intensity and marked seasonality of malaria,
for which the data were only available for a smaller age-range (no
neonates for 2 studies and <8 years for all 3 studies).

The effect of seasonality of malaria transmission on the three
outcomes was to dampen the impact of transmission intensity on

Table 3. Median ages in months (inter-quartile range) for each outcome for each transmission matrix cell.

Outcome Seasonality

Transmission Intensity (Entomological Inoculation Rate [bites
per person per year (pppy)l)

<10 bites pppy 10-100 bites pppy >100 bites pppy

Clinical malaria Marked seasonality

Hospital admissions with malaria parasites

Marked Seasonality

Malaria-diagnosed mortality Marked Seasonality

No marked seasonality

No marked seasonality

No marked seasonality

72 (45, 97) 65 (35, 92) 37 (17, 67)
62 (37, 89) 37 (20, 60) 33 (16, 62)
36 (20, 60) 34 (20, 55) 22 (14, 34)
= 22 (12, 41) 17 (10, 29)
- 28 (15, 51) 15 (8, 29)
- 17 (7, 36) 12 (6, 22)

doi:10.1371/journal.pone.0008988.t003
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the age-patterns. Within each intensity category, the peak age is
lower for settings with no marked seasonality than for those with
marked seasonality. This has not previously been reported, but
could have been predicted. The “peak-shift” phenomenon is
consistent with gradually acquired protective immunity [12], and
the effect of seasonal transmission would be to reduce the
cumulative exposure of individuals to malaria and hence their
acquisition of immunity.

The fact that the peak age declines with increasing severity of
the outcome, implies that protection against the more severe forms
of malaria is acquired more rapidly than protection against clinical
malaria, as previously suggested [57]. This phenomenon may be
compounded by a tendency for those who are unable to develop a
protective immune response to succumb to the disease and die in
their early years. The strong bias for severe malaria outcomes to
be concentrated in infants across different transmission intensities
lends weight to the suggestion that protection against severe
falciparum malaria may be acquired with age, independently of, or
in synergy with prior exposure through mechanisms that are not
yet fully understood.

As with any major data abstraction exercise our analyses had
some limitations. The data abstracted showed a bias towards
established research settings, with gaps in the availability of data
from countries in central Africa. The lack of data from settings
with no marked seasonality and low intensity probably reflects a
lack of research facilities in such settings; most malaria research
sites are in areas of medium to high transmission intensity.
Nevertheless, data from research settings are likely to be
susceptible to the Hawthorne effect (where the presence of a
dedicated research team alters the disease epidemiology) as a result
of increased implementation of interventions potentially leading to
a decline in transmission [14—16]. With further progress in malaria
control, there is likely to be an increase in data for low
transmission intensity settings. These geographic and epidemio-
logical ‘black holes’ in malaria research need to be filled urgently.

In addition to the lack of data from some epidemiological
categories, it was generally difficult to obtain age-specific data on
malaria morbidity and mortality, which are usually not published
in sufficient detail to be included in a thorough statistical analysis.
This was ameliorated to some extent by contacting authors.
Allocating sites to transmission intensity bands may also have been
subject to some misclassification, both in terms of a lack of local
data on intensity parameters (EIR or parasite prevalence), and also
in relation to temporal changes. It is very rare to have
geographically and temporally matched data on EIR or parasite
prevalence and morbidity/mortality outcomes, and local or expert
knowledge was sought where possible to support the classification.
The categorisation of settings as having marked seasonality or no
marked seasonality may also be subject to some disagreement, as
seasonality is a continuum, with most settings showing some
seasonal peaks and some perennial settings having a distinct
clustering of cases. However, sensitivity analyses of the definition
used suggested that sites showed consistent patterns of seasonality
for different malaria outcomes and across several years [43]. Given
the limitations in defining the epidemiological context for a
particular setting, the analyses and results were restricted to six
broad categories defined by the transmission matrix.

The allocation of some sites may change over time, e.g. the
measured EIR for Sotuba, Mali was 12 in 1999 and 4 in 2000
[10]. We temporally matched the outcome data to the epidemi-
ological data, where possible, so that sites may appear in more
than one cell of the matrix depending on the timing of the studies.
The relationships presented here are between the burden of
disease, and the intensity and seasonality of malaria transmission,
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and as such, are independent of the changing epidemiology of
malaria.

We attempted to estimate the incidence of truly malaria-
attributable fevers, rather than fevers incidentally associated with
parasites, by using the age-specific all-cause fever incidence and
parasite prevalence, where this was available. In addition to a lack
of suitable data to enable this adjustment to be made for many
studies, it is likely that the use of non-contemporary data reduced
the utility of this approach. For example, using cross-sectional
parasite prevalence from peak transmission seasons to adjust the
incidence over a longer period of time could result in an
underestimate of malaria-attributable cases.

It is also important to note the limitations in diagnosing malaria
deaths through the verbal autopsy method, which suffers from a
lack of a distinct symptom complex for malaria [11,58]. In
addition, malaria is also likely to be an underlying cause in many
deaths, but missed as the final diagnosis if a more distinct terminal
event occurs. While it is difficult to estimate the incidence of true
malaria-attributable mortality, it is likely that the mis-classification
of malaria deaths will be internally consistent within a study, and
thus analysis of percentage age-distributions will suffer less from
such errors than would cross-site comparisons.

No attempt was made here to assess the relationship between
the incidence (as opposed to the percentage distribution) of disease
and transmission intensity using these data. Such exercises have
previously been undertaken [4,22-24], but there are several
limitations to such an endeavour, limiting the number of studies
that can be included. While most recent estimates of mortality
come from community-based demographic surveillance systems, it
was difficult to obtain age-specific denominator population data
from many of the older studies. Data on severe malaria outcomes
can only be obtained at the hospital level, as continued community
surveillance will reduce the progression to severe disease.
Unfortunately, it is difficult to estimate hospital catchment
populations, as individuals may not access the nearest facility,
and local access issues (geography, socio-economics, treatment-
seeking behaviour) make it difficult to develop a standardised
definition. While mathematical modelling may go some way to
alleviating this issue [59] it is reliant on additional data from the
site, which is not always available. Estimates of incidence are thus
hampered by the lack of a denominator population for many
studies of severe outcomes. In addition, given that most data come
from established research settings, the presence of a dedicated
malaria research team, with improved health infrastructure and/
or surveillance, s itself likely to reduce the burden of malaria that
would otherwise occur in that setting. In addition, local practices
and access to interventions and health care may confound the
relationship between transmission intensity and the age-specific
burden of malaria. Nevertheless, this relationship should be the
focus of any future extensions to such an exercise, as this will be
most informative for public health planning.

The data presented here show that the most severe conse-
quences of malaria are concentrated in the youngest age groups,
and that the burden of malaria shifts towards younger age groups
with increasing transmission intensity. Recently observed declines
in malaria transmission intensity are likely to result in the burden
of malaria shifting towards older children. Nevertheless, while the
aim of malaria control remains the prevention of the most severe
forms of malaria disease and death [56], targeting malaria
interventions to very young children will produce important
benefits. Integrated malaria strategies need to be tailored to the
epidemiological context, and to be able to respond to changes in
malaria transmission over time. As malaria control improves, the
median age of severe disease manifestations will increase.
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Nevertheless, a disproportionate number of malaria deaths will
continue to occur in the very young and it is still worth targeting
specific control strategies at this age group.

Supporting Information

Table S1 Sources used to allocate clinical malaria studies to a
matrix of intensity and seasonality of malaria.
Found at: doi:10.1371/journal.pone.0008988.s001
DOC)

(0.45 MB

Table 82 Sources used to allocate studies on hospital admissions
with malaria to a matrix of intensity and seasonality of malaria.
Found at: doi:10.1371/journal.pone.0008988.s002 (0.51 MB
DOC)

Table 83 Sources used to allocate studies of malaria-diagnosed
deaths to a matrix of intensity and seasonality of malaria.

Found at: doi:10.1371/journal.pone.0008988.s003 (0.27 MB
DOC)

Acknowledgments

All authors that took the time to respond to queries, to provide more
detailed data than is publically available, or to publish their data with
sufficiently detailed information to enable these analyses. Specifically Pedro
Alonso, Kevin Baird, Quique Bassat, Fred Binka, Sarah Bonnet, Daniel

References

1. Boyd MF (1949) Epidemiology of malaria: factors related to the intermediate
host. In: Boyd MF, ed. Malariology: A comprehensive survey of all aspects of
this group of diseases from a global standpoint: W.B. Saunders Company.

2. Molineaux L, Gramiccia G (1980) The Garki Project: Research on the
epidemiology and control of malaria in the Sudan Savanna of West Africa.
Geneva: World Health Organization.

3. Snow RW, Bastos de Azevedo I, Lowe BS, Kabiru EW, Nevill CG, et al. (1994)
Severe childhood malaria in two areas of markedly different falciparum
transmission in east Africa. Acta-Trop 57: 289-300.

4. Snow RW, Omumbo JA, Lowe B, Molyneux CS, Obiero JO, et al. (1997)
Relation between severe malaria morbidity in children and level of
Plasmodium falciparum transmission in Africa [see comments]. Lancet 349:
1650-1654.

5. Modiano D, Sirima BS, Sawadogo A, Sanou I, Pare J, et al. (1998) Severe
malaria in Burkina Faso: influence of age and transmission level on clinical
presentation. American Journal of Tropical Medicine and Hygiene 59:
539-542.

6. Reyburn H, Mbatia R, Drakeley C, Bruce J, Carneiro I, et al. (2005)
Association of transmission intensity and age with clinical manifestations
and case fatality of severe Plasmodium falciparum malaria. JAMA 293:
1461-1470.

7. Idro R, Aloyo J, Mayende L, Bitarakwate E, John CC, et al. (2006) Severe
malaria in children in areas with low, moderate and high transmission intensity
in Uganda. Trop Med Int Health 11: 115-124.

8. Okiro EA, Al-Taiar A, Reyburn H, Idro R, Berkley JA, et al. (2009) Age
patterns of severe paediatric malaria and their relationship to Plasmodium
falciparum transmission intensity. Malar J 8: 4.

9. Trape J-F, Rogier C (1996) Combating malaria morbidity and mortality by
reducing transmission. Parasitology Today 12: 236-240.

10. Dicko A, Sagara I, Diemert D, Sogoba M, Niambele MB, et al. (2007) Year-to-
year variation in the age-specific incidence of clinical malaria in two potential
vaccine testing sites in Mali with different levels of malaria transmission
intensity. Am J Trop Med Hyg 77: 1028-1033.

11. Abdullah S, Adazu K, Masanja H, Diallo D, Hodgson A, et al. (2007) Patterns
of age-specific mortality in children in endemic areas of sub-Saharan Africa.
Am J Trop Med Hyg 77: 99-105.

12. Anderson RM, May RM (1992) Indirectly transmitted microparasites.
Infectious diseases of humans: Dynamics and control. Oxford: Oxford
University Press. pp 379-383.

13. Woolhouse ME (1998) Patterns in parasite epidemiology: the peak shift.
Parasitol Today 14: 428-434.

14. Schellenberg D, Menendez C, Aponte ], Guinovart C, Mshinda H, et al. (2004)
The Changing Epidemiology of Malaria in Ifakara Town, southern Tanzania.
Tropical Medicine and International Health 9: 68-76.

15. Ceesay §J, Casals-Pascual C, Erskine J, Anya SE, Duah NO, et al. (2008)
Changes in malaria indices between 1999 and 2007 in The Gambia: a
retrospective analysis. Lancet 372: 1545-1554.

@ PLoS ONE | www.plosone.org

Age-Patterns of Malaria

Chandramohan, Badara Cisse, Tamara Clark, Chris Curtis, Alassane
Dicko, Grant Dorsey, Julian Gabor, Hayder Giha, Martin Grobusch,
Robert Guiguemde, Caterina Guinovart, Lars Henning, Marie Claire
Henry, Michael van Hensbroek, Patrick Imbert, Muminatou Jallow,
Lawrence Kazembe, Andrew Kitua, Peter Kremsner, Peter McElroy,
Caroline Maxwell, Frank Mockenhaupt, Saul Morris, Paul Mulumba, Dr
Olanrewaju, Hugh Reyburn, Eleanor Riley, Christophe Rogier, Alan
Schapira, Erich Schmutzhard, Phil Thuma, Jim Todd, Jean-Francois
Trape, Janneke van Dijk, and Luis Varandas; the Scientific Co-ordination
Committee of the MRC Laboratories in The Gambia and the Co-
ordinating Committee of the Joint Malaria Programme in Tanzania. We
are extremely grateful to Terrie Taylor on behalf of the Severe Malaria in
African Children (SMAC) Network who provided individual-level hospital
admissions data from six sites, the INDEPTH Network who provided age-
breakdown data on mortality from seven demographic surveillance sites
and Konstantina Boutsika on behalf of the Mapping Malaria Risk in Africa
(MARA) collaboration for additional data on parasite prevalence age-
breakdown. See www.iptiwebtool.org for further acknowledgements
relating to these and other data. Tom Smith for data and helpful insights,
and Amanda Ross, Rob Newman and Andrea Egan for comments on the
draft manuscript.

Author Contributions

Conceived and designed the experiments: IC ARF MT JAS BG DS.
Analyzed the data: IC ARF. Contributed reagents/materials/analysis
tools: JTG. Wrote the paper: IC ARF JTG LS MT JAS BG DS.
Conducted associated systematic reviews and abstracted data: LS.

16. O’Meara WP, Bejon P, Mwangi TW, Okiro EA, Peshu N, et al. (2008) Effect of
a fall in malaria transmission on morbidity and mortality in Kilifi, Kenya.
Lancet 372: 1555-1562.

17. Murray CJL, Lopez A (1996) Global Health Statistics. Cambridge, Harvard
University Press (Global Burden of disease and Injury Series) 2.

18. Snow RW, Craig M, Deichmann U, Marsh K (1999) Estimating mortality,
morbidity and disability due to malaria among Africa’s non-pregnant
population [see comments]. Bull World Health Organ 77: 624-640.

19. Snow RW, Guerra CA, Noor AM, Myint HY, Hay SI (2005) The global
distribution of clinical episodes of Plasmodium falciparum malaria. Nature 434:
214-217.

20. Murphy SC, Breman JG (2001) Gaps in the childhood malaria burden in
Africa: cerebral malaria, neurological sequelae, anemia, respiratory distress,
hypoglycemia, and complications of pregnancy. Am J Trop Med Hyg 64:
57-67.

21. Roca-Feltrer A, Carneiro I, Armstrong Schellenberg JR (2008) Estimates of the
burden of malaria morbidity in Africa in children under the age of 5 years.
Trop Med Int Health 13: 771-783.

22. Smith TA, Leuenberger R, Lengeler C (2001) Child mortality and malaria
transmission intensity in Africa. Trends Parasitol 17: 145-149.

23. Snow RW, Marsh K (2002) The consequences of reducing transmission of
Plasmodium falciparum in Africa. Adv Parasitol 52: 235-264.

24. Smith T, Killeen G, Lengeler C, Tanner M (2004) Relationships between the
outcome of Plasmodium falciparum infection and the intensity of transmission
in Africa. Am J Trop Med Hyg 71: 80-86.

25. Roca-Feltrer A (2008) Estimating The Burden And The Age Pattern Of
Malaria Morbidity In Sub-Saharan Africa In Under-Fives. London: University
of London. pp 423.

26. Smith T, Schellenberg JA, Hayes R (1994) Attributable fraction estimates and
case definitions for malaria in endemic areas. Stat-Med 13: 2345-2358.

27. McGuinness D, Koram K, Bennett S, Wagner G, Nkrumah I, et al. (1998)
Clinical case definitions for malaria: clinical malaria associated with very low
parasite densities in African infants. Trans R Soc Trop Med Hyg 92: 527-531.

28. Bloland PB, Boriga DA, Rucbush TK, McCormick JB, Roberts JM, et al.
(1999) Longitudinal cohort study of the epidemiology of malaria infections in
an area of intense malaria transmission II. Descriptive epidemiology of malaria
infection and disease among children. Am J Trop Med Hyg 60: 641-648.

29. Bonnet S, Paul RE, Gouagna C, Safeukui I, Meunier JY, et al. (2002) Level and
dynamics of malaria transmission and morbidity in an equatorial area of South
Cameroon. Trop Med Int Health 7: 249-256.

30. Henry MC, Rogier C, Nzeyimana I, Assi SB, Dossou-Yovo J, et al. (2003)
Inland valley rice production systems and malaria infection and disease in the
savannah of Cote d’Ivoire. Trop Med Int Health 8: 449-458.

31. Rogier C, Trape JF (1993) Malaria attacks in children exposed to high
transmission: who is protected? Trans R Soc Trop Med Hyg 87: 245-246.

32. Thompson R, Begtrup K, Cuamba N, Dgedge M, Mendis C, et al. (1997) The
Matola malaria project: a temporal and spatial study of malaria transmission

February 2010 | Volume 5 | Issue 2 | 8988



33.

34.

35.

37.

38.

39.

40.

41.

46.

47.

48.

49.

50.

51,

52.

53.

54.

56.

57.

58.

59.

60.

61.

and disease in a suburban area of Maputo, Mozambique. Am J Trop Med Hyg
57: 550-559.

Alonso PL, Smith T, Armstrong Schellenberg JRM, Masanja H, Mwankusye S,
et al. (1994) Randomised trial of efficacy of SPf66 vaccine against Plasmodium
falciparum malaria in children in southern Tanzania. Lancet (British edition)
344: 1175-1181.

Henning L, Schellenberg D, Smith T, Henning D, Alonso P, et al. (2004) A
prospective study of Plasmodium falciparum multiplicity of infection and
morbidity in Tanzanian children. Trans R Soc Trop Med Hyg 98: 637-694.
Kitua AY, Smith T, Alonso PL, Masanja H, Urassa H, et al. (1996)
Plasmodium falciparum malaria in the first year of life in an area of intense and
perennial transmission. Tropical Medicine and International Health 1:
475-484.

5. Maxwell CA, Chambo W, Mwaimu M, Magogo F, Carneiro IA, et al. (2003)

Variation of malaria transmission and morbidity with altitude in Tanzania and
with introduction of alphacypermethrin treated nets. Malar J 2: 28.

Baird JK, Owusu AS, Utz GC, Koram K, Barcus MJ, et al. (2002) Seasonal
malaria attack rates in infants and young children in northern Ghana.
Am J Trop Med Hyg 66: 280-286.

Davis JC, Clark TD, Kemble SK, Talemwa N, Njama-Meya D, et al. (2006)
Longitudinal study of urban malaria in a cohort of Ugandan children:
description of study site, census and recruitment. Malar J 5: 18.

Diallo S, Ndir O, Faye O, Diop BM, Dieng Y, et al. (1998) [Malaria in the
southern sanitary district of Dakar (Senegal). 1. Parasitemia and malarial
attacks|. Bull Soc Pathol Exot 91: 208-213.

Guinovart C, Bassat Q, Sigauque B, Aide P, Sacarlal J, et al. (2008) Malaria in
rural Mozambique. Part I: children attending the outpatient clinic. Malar J 7:
36.

Beier JC, Killeen GF, Githure JI (1999) Short report: entomologic inoculation
rates and Plasmodium falciparum malaria prevalence in Africa. Am J Trop
Med Hyg 61: 109-113.

. Hay SI, Rogers DJ, Toomer JF, Snow RW (2000) Annual Plasmodium

falciparum entomological inoculation rates (EIR) across Africa: literature
survey, Internet access and review. Trans R Soc Trop Med Hyg 94: 113-127.

. Roca-Feltrer A, Armstrong Schellenberg JR, Smith L, Carneiro I (2009) A

simple method for defining malaria seasonality. Malar J 8: 276.

. Mapping Malaria Risk in Africa (2008) Duration of Malaria Transmission

Season.

. Chandramohan D, Owusu-Agyei S, Carneiro I, Awine T, Amponsa-

Achiano K, et al. (2005) Cluster randomised trial of intermittent preventive
treatment for malaria in infants in area of high, seasonal transmission in
Ghana. Bmj 331: 727-733.

Slutsker L, Bloland P, Steketee RW, Wirima JJ, Heymann DL, et al. (1996)
Infant and second-year mortality in rural Malawi: causes and descriptive
epidemiology. Am J Trop Med Hyg 55: 77-81.

Kuate Defo B (1995) Epidemiology and control of infant and early childhood
malaria: a competing risks analysis. Int ] Epidemiol 24: 204-217.

Anderson DR, Burnham KP (2002) Model selection and multimodel inference:
a practical information-theoretic approach.: Springer.

Marsh K (1992) Malaria - a neglected disease? Parasitology 104: S53-S69.
Marsh K, Snow RW (1997) Host-parasite interaction and morbidity in malaria
endemic areas. Philos Trans R Soc Lond B Biol Sci 352: 1385-1394.
Grobusch MP, Egan A, Gosling RD, Newman RD (2007) Intermittent
preventive therapy for malaria: progress and future directions. Curr Opin
Infect Dis 20: 613-620.

Greenwood B (2006) Review: Intermittent preventive treatment-a new
approach to the prevention of malaria in children in areas with seasonal
malaria transmission. Trop Med Int Health 11: 983-991.

Bejon P, Lusingu J, Olotu A, Leach A, Lievens M, et al. (2008) Efficacy of
RTS,S/ASOIE vaccine against malaria in children 5 to 17 months of age.
N Engl J] Med 359: 2521-2532.

IOM IoM (2008) Assessment of the Role of Intermittent Preventive Treatment
for Malaria in Infants: Letter Report. Washington DC: IOM. 80 p.

. Tanner M, de Savigny D (2008) Malaria eradication back on the table. Bull

World Health Organ 86: 82.

Roll Back Malaria Partnership (2008) Global Malaria Action Plan for a
Malaria-free World.

Snow RW, Gilles HM (2002) The epidemiology of malaria. In: Warrell DA,
Gilles HM, eds. Essential malariology. 4th ed. London: Arnold. pp 97-100.
Rowe AK, Rowe SY, Snow RW, Korenromp EL, Schellenberg JR, et al.
(2006) The burden of malaria mortality among African children in the year
2000. Int J Epidemiol 35: 691-704.

Ross A, Maire N, Molineaux L, Smith T (2006) An epidemiologic model of
severe morbidity and mortality caused by Plasmodium falciparum. Am ] Trop
Med Hyg 75: 63-73.

Diallo S, Konate L, Ndir O, Dieng T, Dieng Y, et al. (2000) [Malaria in the
central health district of Dakar (Senegal). Entomological, parasitological and
clinical data]. Sante 10: 221-229.

Greenwood BM, Bradley AK, Greenwood AM (1987) Mortality and morbidity
from malaria among children in a rural area of the Gambia, West Africa.
Transactions of the Royal Society of Tropical Medicine and Hygiene 81:
478-486.

52. Cisse B, Sokhna C, Boulanger D, Milet J, Ba el H, et al. (2006) Seasonal

intermittent preventive treatment with artesunate and sulfadoxine-pyrimeth-

@ PLoS ONE | www.plosone.org

63.

64.

65.

67.

68.

69.

70.

75.
76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

87.

Age-Patterns of Malaria

amine for prevention of malaria in Senegalese children: a randomised, placebo-
controlled, double-blind trial. Lancet 367: 659-667.

Ye Y, Kyobutungi C, Louis VR, Sauerborn R (2007) Micro-epidemiology of
Plasmodium falciparum malaria: Is there any difference in transmission risk
between neighbouring villages? Malar J 6: 46.

Schellenberg D, Aponte J, Kahigwa E, Mshinda H, Tanner M, et al. (2003)
The incidence in children of clinical malaria detected by active case detection
in Ifakara, southern Tanzania. Trans R Soc Trop Med Hyg 97: TR/2002/
020410.

Saute F, Aponte J, Ahmeda J, Ascaso C, Vaz N, et al. (2003) Malaria in
southern Mozambique: incidence of clinical malaria in children living in a rural
community in Manhica district. Trans R Soc Trop Med Hyg 97: 655-660.

. Grobusch MP, Lell B, Schwarz NG, Gabor J, Dornemann J, et al. (2007)

Intermittent preventive treatment against malaria in infants in Gabon-a
randomized, double-blind, placebo-controlled trial. J Infect Dis 196:
1595-1602.

Velema JP, Alihonou EM, Chippaux JP, Van Boxel Y, Gbedji E, et al. (1991)
Malaria morbidity and mortality in children under three years of age on the
coast of Benin, West Africa. Transactions of the Royal Society of Tropical
Medicine and Hygiene 85: 430-435.

Lusingu JP, Vestergaard LS, Mmbando BP, Drakeley CJ, Jones C, et al. (2004)
Malaria morbidity and immunity among residents of villages with different
Plasmodium falciparum transmission intensity in North-Eastern Tanzania.
Malar J 3: 26.

Kobbe R, Kreuzberg C, Adjei S, Thompson B, Langefeld 1, et al. (2007) A
randomized controlled trial of extended intermittent preventive antimalarial
treatment in infants. Clin Infect Dis 45: 16-25.

Imbert P, Sartelet I, Rogier C, Ka S, Baujat G, et al. (1997) Severe malaria
among children in a low seasonal transmission area, Dakar, Senegal: influence
of age on clinical presentation. Trans R Soc Trop Med Hyg 91: 22-24.

. Imbert P, Gerardin P, Rogier C, Ka AS, Jouvencel P, et al. (2002) Severe

falciparum malaria in children: a comparative study of 1990 and 2000 WHO
criteria for clinical presentation, prognosis and intensive care in Dakar,

Senegal. Trans R Soc Trop Med Hyg 96: 278-281.

. Camara B, Diouf S, Diagne I, Fall L, Ba A, et al. (2003) Severe malaria in

children in a Senegal hospital setting. Médecine et Maladies Infecticuses 33:
45-48.

. Giha HA, El-Ghazali G, A-Elgadir TME, A-Elbasit IE, Eltahir EM, et al.

(2005) Clinical pattern of severe Plasmodium falciparum malaria in Sudan in
an area characterized by seasonal and unstable malaria transmission.
Transactions of the Royal Society of Tropical Medicine and Hygiene 99:
243-251.

. Taylor T, Olola C, Valim C, Agbenyega T, Kremsner P, et al. (2006)

Standardized data collection for multi-center clinical studies of severe malaria
in African children: establishing the SMAC network. Trans R Soc Trop Med
Hyg 100: 615-622.

Jallow M MalariaGEN project.

Rodrigues A, Schellenberg JA, Kofoed PE, Aaby P, Greenwood B (2008)
Changing pattern of malaria in Bissau, Guinea Bissau. Trop Med Int Health
13: 410-417.

Guiguemde TR, Dabire E, Coulibaly CO, Pare J, Kam LK (1991) Etude de la
mortalite palustre dans le service de pediatric de 'hopital de Ouagadougou
(Burkina Faso). Bull Soc Pathol Exot 84: 338-339.

Schapira A, Solomon T, Julien M, Macome A, Parmar N, et al. (1993)
Comparison of intramuscular and intravenous quinine for the treatment of
severe and complicated malaria in children. Trans R Soc Trop Med Hyg 87:
299-302.

Varandas L, Julien M, Gomes A, Rodrigues P, Van Lerberghe W, et al. (2001)
A randomised, double-blind, placebo-controlled clinical trial of vitamin A in
severe malaria in hospitalised Mozambican children. Ann Trop Paediatr 21:
211-222.

Thuma PE Malaria admissions to Macha Mission Hospital Zambia 2003—
2004.

Boulard JC, Chippaux JP, Ayivi B, Akogbeto M, Massougbodji A, et al. (1990)
Study of malarial morbidity in a hospital paediatric service in Benin (West
Africa) in 1988 and 1989. Medecine Tropicale 50: 315-320.

Snow RW, Armstrong Schellenberg JRM, Peshu N, Forster D, Newton CRJC,
et al. (1993) Periodicity and space-time clustering of severe childhood malaria
on the coast of Kenya. Transactions of the Royal Society of Tropical Medicine
and Hygiene 87: 386-390.

Slutsker L, Taylor TE, Wirima JJ, Steketee RW (1994) In-hospital morbidity
and mortality due to malaria-associated severe anaemia in two areas of Malawi
with different patterns of malaria infection. Trans R Soc Trop Med Hyg 88:
548-551.

Koko J, Dufillot D, Zima-Ebeyard AM, Duong TH, Gahouma D, et al. (1999)
Clinical and epidemiological aspects of malaria in children in Libreville,
Gabon. Medecine d’Afrique Noire 46: 10-14.

Olanrewaju WI, Johnson AWBR (2001) Malaria in children in Ilorin, Nigeria.
East African Medical Journal 78: 131-134.

. Kazembe LN, Kleinschmidt I, Sharp BL (2006) Patterns of malaria-related

hospital admissions and mortality among Malawian children: an example of
spatial modelling of hospital register data. Malar J 5: 93.

Bassat Q, Guinovart C, Sigauque B, Aide P, Sacarlal J, et al. (2008) Malaria in
rural Mozambique. Part II: children admitted to hospital. Malar J 7: 37.

February 2010 | Volume 5 | Issue 2 | 8988



88.

89.

90.

91.

92.

94.

95.

96.

Maitland K, Levin M, English M, Mithwani S, Peshu N, et al. (2003) Severe P.
falciparum malaria in Kenyan children: evidence for hypovolacmia. Qjm 96:
427-434.

Mulumba MP, Tlunga I, Bankoto A, Kamba VD (Submitted) Radioscopie du
polymorphisme clinique de I'access de pernicieux palustre de Penfant a
Kinshasa. Congo Medical Journal.

Allen SJ, O’Donnell A, Alexander NDE, Clegg JB (1996) Severe malaria in
children in Papua New Guinea. Qjm 89: 779-788.

Mockenhaupt FP, Ehrhardt S, Burkhardt J, Bosomtwe SY, Laryea S, et al.
(2004) Manifestation and outcome of severe malaria in children in northern
Ghana. Am J Trop Med Hyg 71: 167-172.

Alonso PL, Lindsay SW, Armstrong JR, Conteh M, Hill AG, et al. (1991) The
effect of insecticide-treated bed nets on mortality of Gambian children. Lancet
337: 1499-1502.

. Greenwood BM, David PH, Otoo-Forbes LN, Allen SJ, Alonso PL, et al.

(1995) Mortality and morbidity from malaria after stopping malaria
chemoprophylaxis. Trans R Soc Trop Med Hyg 89: 629-633.

D’Alessandro U, Olaleye BO, McGuire W, Langerock P, Bennett S, et al.
(1995) Mortality and morbidity from malaria in Gambian children after
introduction of an impregnated bednet programme [see comments]. Lancet
345: 479-483.

Jaffar S, Leach A, Greenwood AM, Jepson A, Muller O, et al. (1997) Changes
in the pattern of infant and childhood mortality in upper river division, The
Gambia, from 1989 to 1993. Trop Med Int Health 2: 28-37.

Trape JF, Pison G, Preziosi MP, Enel C, Desgrees du Lou A, et al. (1998)
Impact of chloroquine resistance on malaria mortality. C R Acad Sci III 321:
689-697.

@ PLoS ONE | www.plosone.org

10

97.

98.

99.

100.

101.

103.

104.

Age-Patterns of Malaria

Etard J-F, Le Hesran J-Y, Diallo A, Diallo J-P, Ndiaye J-L, et al. (2004)
Childhood mortality and probable causes of death using verbal autopsy in
Niakhar, Senegal, 1989-2000. International Journal of Epidemiology 33:
1286-1292(1287).

Ghana VAST Study Team (1993) Vitamin A supplementation in northern
Ghana: effects on clinic attendances, hospital admissions, and child mortality.
Lancet 342: 7-12.

Becher H, Kynast-Wolf G, Sie A, Ndugwa R, Ramroth H, et al. (2008)
Patterns of malaria: cause-specific and all-cause mortality in a malaria-endemic
area of west Africa. Am J Trop Med Hyg 78: 106-113.

Snow RW, Mung’ala VO, Foster D, Marsh K (1994) The role of the district
hospital in child survival at the Kenyan Coast. Afr J Health Sci 1: 71-75.
Delacollette C, Barutwanayo M (1993) [Mortality and morbidity at young ages
in a stable hyperendemic malaria region, community Nyanza-Lac, Imbo
South, Burundi]. Bull Soc Pathol Exot 86: 373-379.

. Premji Z, Ndayanga P, Shiff C, Minjas J, Lubega P, et al. (1997) Community

based studies on childhood mortality in a malaria holoendemic area on the
Tanzanian coast. Acta Trop 63: 101-109.

Schumacher R, Swedberg E, Diallo M (2002) Mortality study in Guinea:
investigating the causes of death in children under 5. Published by Save the
Children Federation, Inc. and the Basic Support for Institutionalizing Child
Survival (BASICS II) Project.

Phillips-Howard PA, Nahlen BL, Kolczak MS, Hightower AW, ter Kuile FO,
et al. (2003) Efficacy of permethrin-treated bed nets in the prevention of
mortality in young children in an area of high perennial malaria transmission in

western Kenya. Am J Trop Med Hyg 68: 23-29.

February 2010 | Volume 5 | Issue 2 | 8988



