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Abstract
Background: Recent years have seen publication of a considerable number of clinical trials of
preventive interventions against clinical malaria in children. There has been variability in the
specification of end-points, case definitions, analysis methods and reporting and the relative lack of
standardization complicates the ability to make comparative evaluations between trials.
Methods: To prepare for a WHO consultation on design issues in malaria vaccine trials, controlled
trials of preventive interventions against malaria in children in endemic countries were identified in
which clinical malaria, or death, had been one of the main end-points. Trials were included that
evaluated the impact of vaccines, insecticide-treated bed nets (ITN), intermittent presumptive or
preventive therapy in infants (IPTi) or, in one instance, vitamin A supplementation. Methods that
had been used in these trials were summarized and compared in order to identify issues that were
directly relevant to the design of malaria vaccine trials.
Results: 29 controlled trials of preventive malaria interventions were identified, of which eight
were vaccine trials. Vaccine trials that were designed to detect an effect on clinical malaria all
reported the incidence rate of first episodes of clinical malaria as their primary endpoint. Only one
trial of a preventive intervention (of ITN) was identified that was designed to detect an effect on
severe malaria. A group of larger trials were designed to detect an effect of impregnated bed nets
or curtains on all-cause mortality as the primary end-point. Key methodological and reporting
differences between trials are noted in the text. Two issues have been identified that are of some
concern. Firstly, the choice of primary endpoint is not stated in the reports of a number of the trials
and, secondly, the relationship between pre-specified analysis plans and trial reports is rarely made
clear.
Conclusion: This article reports an investigation into the ways in which trial design and reporting
could be improved and standardized to enable comparative evaluation of the relative merits of
malaria control measures, and specifically with respect to the design of malaria vaccine trials. The
need for standardization of clinical trial design, conduct, analysis and reporting has been also
affirmed as a priority area by the Malaria Vaccine Technology Roadmap.
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Background
The development and deployment of new and improved
intervention methods for malaria control shows promising signs of reducing significantly the global burden of
malaria. However, the search for more effective control
methods still has very high priority. Controlled trials
remain essential for the rigorous assessment of the potential impact of new tools and strategies to reduce morbidity
and mortality caused by malaria. In recent years, there
have been a considerable number of randomized controlled trials of new malaria interventions directed at children, including trials evaluating candidate malaria
vaccines, insecticide-treated bed nets (ITN) and intermittent presumptive or preventive therapy in infants (IPTi).
The appropriate choices of the primary end-points in such
trials and the measurement methods are prerequisites for
the proper evaluation of the interventions. The end-points
and measurement methods must allow comparability of
the performance of the same intervention in different
locations and age groups and over time at the same location. In addition, the comparability of performance of
alternate control measures, or combinations of measures,
relies on standardized methods of assessment.
To prepare for a World Health Organization (WHO) consultation on design issues in malaria vaccine trials, the
methods that have been used in reported malaria preventive intervention trials to estimate efficacy against clinical
malaria and related end-points were reviewed and the
strengths and weaknesses of the different approaches were
summarized. The aim is to provide a resource for those
planning clinical trials of preventive malaria interventions. The target audience is clinical trialists, statisticians
and other technical personnel. A companion paper,
resulting from a WHO consultation on the issues, was
directed at policy makers, funders and regulators [1].

Methods
Identification of studies
Reports of trials published between 1990 and 2007 evaluating the impact of preventive malaria interventions were
identified (specifically vaccines, impregnated bed nets
and IPTi). Trial reports were found primarily through
PubMed database searches. Papers were sought using the
following search terms: malaria vaccin*, malaria vaccines
[MeSH], (malaria or insecticide-treated or impregnated or
pyreth* or deltamethr*) and (bednet or bed net or mosquito net or curtain), malaria ipti, malaria intermittent
therapy infants, malaria presumptive therapy infants,
malaria preventive therapy infants, malaria preventive
clinical trial. Further trials were identified through the references of retrieved articles. In addition, investigators
responsible for the design and analysis of clinical trials of
preventive interventions against malaria were interviewed
as part of a WHO consultation process on design of phase
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3 trials of malaria vaccines. Each interviewee was asked to
identify further eligible studies. Data on trial methods and
reporting for each study were extracted into tables and are
summarized [see additional file 1].
Eligibility criteria
Papers were included if they reported randomized controlled trials of preventive malaria interventions with a
primary or secondary objective stated as the estimation of
efficacy against clinical malaria, severe malaria or allcause mortality. Trials were excluded, to coincide with the
intended scope of the review, if they were conducted in
adult populations or in areas of unstable malaria transmission (i.e. annual entomological inoculation rate < 1 or
little evidence of acquisition of clinical immunity in the
population) or they did not report incidence end-points.

Results
29 randomized clinical trials of malaria preventive interventions in children published between 1990 and 2007
were identified, which reported estimation of efficacy
against clinical malaria, severe malaria or all-cause mortality. Six trials, all of insecticide-treated bed nets or curtains, were cluster randomized. The other 23 were
individually randomized.
Choice of the primary end-point
The trials could be classified broadly into two groups. The
largest group consisted of trials designed primarily to
detect an effect on clinical malaria. In some of these both
clinical malaria and anaemia are described as efficacy
measures in the same trial. In several trials, it was not possible to identify whether a single primary end-point had
been specified amongst several end-points that were
ostensibly reported as "co-primaries".

The other group of trials, all of ITNs, were those designed
to detect an effect on all-cause mortality. Severe malaria
was a primary outcome measure in only one trial [2].
Clinical malaria as a primary end-point
All malaria vaccine trials [3-8] and several trials of IPTi [915], whose stated main objective was the estimation of
efficacy against clinical malaria, had as their primary endpoint the incidence rate of the first episode of malaria
(time to first or only episode of malaria). For this endpoint, following entry into the trial, only the first episode
of clinical malaria for each child contributes towards the
calculation of the malaria incidence rate. Episodes of the
disease after the first are ignored. Each child contributes a
variable amount of time at risk to the denominator for the
rate calculation, from the beginning of the efficacy followup period (i.e. from first vaccination for "intention to
treat" analyses and generally 14 days from final vaccination for "according to protocol" analyses) until the onset
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of the first episode of malaria or the end of the follow-up
period (whichever is the shorter). The point estimate of
efficacy is calculated as 1-(incidence rate ratio) or by using
Cox proportional hazards regression models or Poisson
regression models, if adjustment for other factors is necessary. The use of such "time-to-first-event analyses" has
been common in evaluating preventive interventions
against malaria, unlike in some studies of other infectious
diseases [16-19]. Methods such as these that allow variable follow-up time between individuals to be taken into
account are generally accepted to be preferable for field
efficacy trials. A simple comparison of the ratio of proportions infected remains the method of choice for artificial
challenge trials; here equal follow-up time for each individual is a reasonable assumption. However, the utility of
"time-to-first-event analyses" for public health policymakers has been questioned as it is argued that it does not
measure the overall burden of malaria, which includes
second and subsequent episodes in the same individual.
An alternative end-point for trials designed to examine the
overall impact against clinical malaria is the rate of all episodes of malaria. Only one trial was identified reporting
multiple episodes of malaria as its primary end-point
[20]. For this end-point, the total number of malaria episodes are counted, including multiple episodes in the
same child, using a rule for the minimum number of days
between episodes to distinguish a "new" episode from a
continuation of the previous one (usually 28 days but
dependent on the chemotherapy used). In some trials
molecular markers have also been used to distinguish
recurrences from new infections. This end-point may be of
more relevance to public health than one based upon the
first or only episode of clinical malaria. However, the
analysis of data including multiple episodes in the same
child is not straightforward as multiple episodes are not
independent events. That is, once a child has had one episode, the child is more likely to have another episode, for
a variety of reasons, than a child who has never had an
episode. Thus, attacks of malaria tend to "cluster" within
individuals. Complex models are needed to analyse these
sorts of data, on which there is still not a consensus and
on which further methodological research is required. To
date, unease about this issue seems to have inhibited the
use of this as a primary end-point in most trials. A recent
WHO consultation highlighted the need for an explanatory document, outlining the merits and disadvantages of
the different approaches to measurement of efficacy
against clinical malaria in preventive intervention trials[21]. Drafting of such a document is underway.
What is clinical malaria?
Defining what constitutes an episode of clinical malaria is
not straightforward in areas in which the disease is highly
endemic. In such areas, at any one time, a significant pro-
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portion of children in a community may have malaria
parasites in their blood. Many will be asymptomatic and
others will have symptoms consistent with malaria. In
some of this latter group the symptoms may be directly
attributable to malaria but, because malaria symptoms are
not specific to the illness, in others the symptoms may be
due to another condition and the malaria parasites in
their blood are merely coincidental. In general, the higher
the blood parasite load, the more likely it is that the symptoms are due to malaria. Thus, in preventive trials, it is
common practice to define clinical malaria as being
present in those who have symptoms and signs consistent
with malaria and who also have a density of parasites in
their blood greater than some specified level. Choice of
the appropriate minimal parasite density level (cut-off)
for defining malaria will depend upon the endemicity of
malaria in the study area. For example, in areas where
malaria is relatively uncommon, the finding of any
malaria parasites in the blood of someone presenting to a
health facility with fever provides a sensitive and specific
diagnosis of the disease. For malaria endemic areas, Smith
et al [22] devised a method for calculating the sensitivities,
specificities and malaria attributable fraction of different
parasite density cut-offs, using baseline data on the prevalence of different levels of parasite density measured in
children in the community not presenting with malaria
symptoms. To choose the appropriate cut-off level in a
specific intervention trial, it is important that the data
used for deriving this level are from the same epidemiological setting as the intervention trial (including age,
transmission intensity, health care facilities and interaction with study staff). This is often not specified in the
reports of trials.
In recent malaria vaccine trials in children, efficacy estimates using different parasite density cut-offs, in the same
trial, have been presented. Case definitions with lower
specificity (lower parasite cut-off levels) should theoretically yield lower point estimates of efficacy. Curiously,
this expected effect has not been seen generally in the trials reviewed. Further research into this issue is warranted.
Also, it would aid interpretation if the sensitivities and
specificities of the various case definitions and parasite
density cut-offs used, as derived by the Smith et al
method, were presented in publications of intervention
trials. This has generally not been done.
A different approach to defining clinical malaria was used
in an ITN trial performed in Côte d'Ivoire [23]. In this
trial, each participant was regularly tested for the level of
malaria parasites in their blood. Each child was then
assigned a probability of having suffered an episode of
clinical malaria in a given period, according to the highest
parasite density recorded during that period, the probability being determined using a logistic regression approach.
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The sum of the probabilities across individuals was taken
as the total "episodes" of malaria in the group. For analysis purposes, only one episode was included within any
six-week period. While this approach does not go as far as
avoiding any estimation of incidence of malaria at the
individual level (as has been proposed as a possibility[24,25]), this study does move away from classifying
outcomes in an individual child in a simple binary way.
Another measure of clinical malaria was used in a trial of
intermittent preventive therapy with sulphadoxine/
pyrimethamine (SP) and iron supplementation performed in Kenya[26]. The analysis was based on the risk
rather than the rate of malaria. Thus, the number of cases
of malaria was divided by the number of children at risk
rather than by the person-time at risk.
Use of pre-treatment
In trials of malaria vaccines, an assessment has commonly
been made of the effect of the vaccine on the incidence of
parasitaemia as well as on clinical malaria. The former has
been measured by taking repeated blood smears from
some children following vaccination. In order to be able
to measure new infections, in most trials, anti-malarial
treatment has been given prior to vaccination to clear
asexual parasitaemia. Thus, in five out of eight malaria
vaccine efficacy trials in children, participants were treated
for malaria at the start of the trial. A sixth trial used amodiaquine/SP pre-treatment in a separate cohort, where
only anti-infection efficacy data was generated[7]. In one
trial, there was a double randomization (by vaccine vs
control and pre-treatment vs no pre-treatment) to examine the impact of pre-treatment on vaccine efficacy[27].
Although the numbers were small in this study, and the
primary end-point was parasite density, there was a
marked "sterilizing" effect of SP pre-treatment for several
weeks into the follow-up period, such that efficacy could
not be determined in the pre-treatment group. Epidemiological studies in Kisumu (unpublished) and Mali[28]
have been conducted in children to estimate the duration
of effect of artemether/lumefantrine and SP, respectively,
on time to clinical malaria. In the latter study, SP pre-treatment delayed the median time to first clinical episode
from 38 days to 68 days. The data now available suggest
that pre-treatment of vaccine trial participants may have
complex effects of unpredictable duration on observed
vaccine efficacy. Thus, it may be appropriate to restrict
pre-treatment to trials where time to infection is the primary end-point. Where pre-treatment is used, it may be a
major complicating factor for interpretation of morbidity
end-points.
Surveillance methods
All malaria vaccine trials in children published to date
have included some form of active case detection (ACD)
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for at least some trial participants. Two trials [3,7] used
active surveillance in one group and passive case detection
(PCD) only in other group(s) in the same study. In one of
the study cohorts in the study of Alonso et al [7] the scheduled interaction between study staff and participants during the efficacy follow-up period was less than for any
other cohort in the vaccine studies identified. Participants
were visited at home once a month to establish presence
in the study area and to record any unreported serious
adverse events but the visits did not involve malaria morbidity surveillance. Clinical malaria episodes, identified
only by children presenting at a clinic, are therefore likely
to have been more severe, on average, than those experienced in other vaccine trials in which active case detection
was employed. The clinical malaria cases identified in this
study are likely to accord more closely to those encountered in normal health practice in the study area and,
therefore, it might be argued that the trial results will be
more relevant to public health.
The criteria used to trigger the taking of a blood smear to
assess for a possible clinical malaria episode varied from
trial to trial. This also affects interpretation of efficacy
results. Thus, the results of trials must be interpreted in the
light of the case detection systems used.
In some trials, both ACD and PCD were used to detect
clinical malaria cases and efficacy results were reported for
cases detected by each of these methods[3]. With such
dual surveillance the severity of the clinical malaria
detected by PCD is likely to be less severe, on average,
than if there had been no ACD. In trials where the choice
of the end-point is designed to approximate what might
happen in the usual health care system the use of ACD
should be avoided. Monthly visits to trial participants for
purely safety information would appear to be an appropriate level of interaction for studies planning PCD only
surveillance.
Blood smear methods
There are three methods for calculating parasite density
that have been employed in published intervention trials.
Firstly, reading 100 or 200 high power fields, with the
assumption that the volume of each high power field is 1/
500 μl. Secondly, an assumption that the total white cell
count is 8,000/μl and reading to 200 white blood cells.
Thirdly, a calculation of white cell count individually and
then reading to 200 WBC, with adjustment using the calculated count. It is difficult to compare the results of studies in which different counting methods have been used.
Standardization on one method is desirable for accuracy,
precision and to aid comparisons of the results in different
trials and is essential for a multi-site licensure trial. Double reading of all blood smears for efficacy end-points is
also undertaken, and is highly desirable, in most interven-
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tion trials. The elements of slide taking and reading that
require standardization include: staining of blood smears
including where Field's stain and Giemsa stain are used;
procedure for double and third reading of smears; internal
quality control (QC) procedures; external QC of a proportion of blood smears and the process for resolution of discrepancies found through external QC.
Other end-points
While clinical malaria has been the primary end-point in
most studies of preventive interventions studies, some
studies have measured the impact on more severe disease
or death and others have evaluated the impact on hospital
utilization for any cause.
Severe malaria, malaria-related mortality and all-cause mortality
Whilst the presenting features and, to some extent, predictors of mortality in hospitalized cases of malaria have
been adequately described in a handful of settings in subSaharan Africa [29-40], only a single published preventive
intervention trial included severe malaria as the primary
end-point[2], though other trials have had this as a secondary end-point. Identifying deaths due to malaria is
problematic in situations where post-mortem is uncommon and many children may die out of a hospital setting.
There is a well established precedent for the use of verbal
autopsies to assign causes of death in both sub-Saharan
Africa[41] and Asia[42], but there is limited experience of
using these methods to assess the impact of a preventative
intervention on malaria-related mortality[43] and the
sensitivity and specificity of the assignment of a malaria
death is poor. However, with a good surveillance system
all deaths from any cause can be identified with considerable reliability. Thus, in some trials, specifically some of
the ITN trials [2,43-46], death from any cause has been
the primary end-point. Whilst not appropriate for a licensure trial, the impact of a vaccine on this end-point may
be important for assessing the public health impact of a
malaria vaccine post-licensure, and might be a focus for
Phase 4 studies. In some settings, an effect on severe
malaria may also be ascertainable in a study in which allcause mortality is the primary end-point[2].
Hospital admissions
In some trials an attempt has been made to estimate the
extent to which a preventive malaria intervention has
reduced the overall burden of illness on the health service,
such as the impact on all-cause clinic or hospital attendance. For example, this measure was included in the evaluation of the Asembo/Gem Kenyan ITN trial [47]. Over
20,000 clinic attendances were included in the primary
analysis and a statistically significant efficacy of 27%
against all-cause clinic attendance was reported. No sample size calculation was provided, but it appears likely that
such large numbers are necessary to provide adequate
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power to detect such an effect. This end-point, though
potentially difficult to measure in some circumstances,
would be highly informative for those making implementation decisions in malaria control, as it provides a general
measure of the potential saving to the health service.
Use of multiple efficacy endpoints
A relatively large number of possible efficacy end-points
are potentially available to malaria investigators and
malaria preventive intervention trials may be particularly
vulnerable to the multiple comparisons problems in trial
design. Many of the trials reviewed reported a large
number of different efficacy end-points (more than 20 in
some trials). Furthermore, it is not generally made clear in
papers how many efficacy end-points were analysed but
were not reported. A ranking of end-points pre-unblinding, in the analytic plan, with publication in the pre-specified rank order would be one way to address concerns
about multiple comparisons. Conservative methods such
as adjusting significance levels for the number of endpoints examined have not been used in trials reported to
date. In practice, in addition to the primary end-point (if
one is specified!) the sum of the evidence from all of the
end-points measured is usually taken into account,
together with their biological plausibility and their consistency, in the overall assessment of the potential impact
of an intervention. Assessment would be aided if, for all
trials, the reporting and analysis plans were made available for review together with the trial protocol.

Conclusion
There is a wealth of data available from randomized controlled trials of malaria preventive interventions directed
at children, much published in recent years. Further information will become available through ongoing iPTi trials
and the planned large multi-site phase 3 trial of the GlaxoSmithKline/Malaria Vaccine Initiative vaccine candidate
RTS, S. Attention to the design issues identified above will
aid the generation of data that can inform public health
decisions.
It is notable that many of the trials identified in this
review report the incidence rate of first episodes of clinical
malaria as the primary endpoint. Given the public health
interest in a potential new intervention's impact on the
community burden of clinical malaria, further attention
to analysis methods for the incidence rate of all episodes
of malaria appears to be one priority for those undertaking clinical trials in this field. This may help bridge the gap
between proof-of-concept and evaluation of public health
benefit for preventive interventions against clinical
malaria.
An ambitious, but highly laudable goal, stated as a priority area in the strategic framework of the Malaria Vaccine
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Technology Roadmap[48], is clinical trial standardization. The hope is that those engaged in preventive intervention trials against malaria, and especially those
engaged in vaccine trials, will discuss and come to agreement on optimal trial design, analysis method and reporting requirements. Having agreed these aspects the plan is
to produce standardized clinical trial methods, protocols
and reporting templates. This report forms one part of the
background to such harmonization and standardization
efforts. The Initiative for Vaccine Research, World Health
Organization is engaged in ongoing activities to facilitate
norms, standards and best practice in this area[21].

http://www.malariajournal.com/content/8/1/23

4.

5.

6.

7.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
VSM performed the literature search, extracted the data on
methods and reporting and wrote the first draft of the
manuscript. ZR conceived the scope for the review and
provided input into the final manuscript. PS provided
input and review into the final manuscript.

8.

9.

Additional material
10.

Additional file 1
Tables 1–4. Tables summarising methods and reporting for identified
randomized controlled trials of preventive malaria interventions.
Click here for file
[http://www.biomedcentral.com/content/supplementary/14752875-8-23-S1.doc]

11.

12.

Acknowledgements
This work was performed as preparation for a WHO consultation. We
acknowledge discussions held with the following experts as part of the consultation: T Smith, Swiss Tropical Institute; J Aponte, University of Barcelona; W Rogers, Naval Medical Research Center; B Greenwood and D
Schellenberg, London School of Hygiene and Tropical Medicine; A Leach,
GlaxoSmithKline Biologicals; C Rogier, Institut de Médecine Tropicale du
Service de Santé des Armées, France. The authors alone are responsible for
the views expressed in this publication and they do not necessarily represent the decisions or the stated policy of the World Health Organization.
Financial support from the Monte dei Pasci di Siena and from PATH Malaria
Vaccine Initiative are acknowledged.

References
1.
2.

3.

Moorthy V, Reed Z, Smith PG: Measurement of malaria vaccine
efficacy in phase III trials: report of a WHO consultation. Vaccine 2007, 25:5115-5123.
Nevill CG, Some ES, Mung'ala VO, Mutemi W, New L, Marsh K,
Lengeler C, Snow RW: Insecticide-treated bednets reduce
mortality and severe morbidity from malaria among children on the Kenyan coast. Trop Med Int Health 1996, 1:139-146.
Alonso PL, Smith T, Schellenberg JR, Masanja H, Mwankusye S, Urassa
H, Bastos de Azevedo I, Chongela J, Kobero S, Menendez C, et al.:
Randomised trial of efficacy of SPf66 vaccine against Plasmodium falciparum malaria in children in southern Tanzania.
Lancet 1994, 344:1175-1181.

13.

14.

15.

16.

17.

Acosta CJ, Galindo CM, Schellenberg D, Aponte JJ, Kahigwa E, Urassa
H, Schellenberg JR, Masanja H, Hayes R, Kitua AY, Lwilla F, Mshinda
H, Menendez C, Tanner M, Alonso PL: Evaluation of the SPf66
vaccine for malaria control when delivered through the EPI
scheme in Tanzania. Trop Med Int Health 1999, 4:368-376.
Nosten F, Luxemburger C, Kyle DE, Ballou WR, Wittes J, Wah E,
Chongsuphajaisiddhi T, Gordon DM, White NJ, Sadoff JC, Heppner
DG: Randomised double-blind placebo-controlled trial of
SPf66 malaria vaccine in children in northwestern Thailand.
Shoklo SPf66 Malaria Vaccine Trial Group. Lancet 1996,
348:701-707.
Bojang KA, Obaro SK, D'Alessandro U, Bennett S, Langerock P, Targett GA, Greenwood BM: An efficacy trial of the malaria vaccine SPf66 in Gambian infants – second year of follow-up.
Vaccine 1998, 16:62-67.
Alonso PL, Sacarlal J, Aponte JJ, Leach A, Macete E, Milman J, Mandomando I, Spiessens B, Guinovart C, Espasa M, Bassat Q, Aide P, OforiAnyinam O, Navia MM, Corachan S, Ceuppens M, Dubois MC,
Demoitie MA, Dubovsky F, Menendez C, Tornieporth N, Ballou WR,
Thompson R, Cohen J: Efficacy of the RTS, S/AS02A vaccine
against Plasmodium falciparum infection and disease in
young African children: randomised controlled trial. Lancet
2004, 364:1411-1420.
Bejon P, Mwacharo J, Kai O, Mwangi T, Milligan P, Todryk S, Keating
S, Lang T, Lowe B, Gikonyo C, Molyneux C, Fegan G, Gilbert SC,
Peshu N, Marsh K, Hill AV: A phase 2b randomised trial of the
candidate malaria vaccines FP9 ME-TRAP and MVA METRAP among children in Kenya. PLoS Clin Trials 2006, 1:e29.
Menendez C, Kahigwa E, Hirt R, Vounatsou P, Aponte JJ, Font F,
Acosta CJ, Schellenberg DM, Galindo CM, Kimario J, Urassa H, Brabin
B, Smith TA, Kitua AY, Tanner M, Alonso PL: Randomised placebo-controlled trial of iron supplementation and malaria
chemoprophylaxis for prevention of severe anaemia and
malaria in Tanzanian infants. Lancet 1997, 350:844-850.
Schellenberg D, Menendez C, Kahigwa E, Aponte J, Vidal J, Tanner M,
Mshinda H, Alonso P: Intermittent treatment for malaria and
anaemia control at time of routine vaccinations in Tanzanian infants: a randomised, placebo-controlled trial. Lancet
2001, 357:1471-1477.
Massaga JJ, Kitua AY, Lemnge MM, Akida JA, Malle LN, Ronn AM, Theander TG, Bygbjerg IC: Effect of intermittent treatment with
amodiaquine on anaemia and malarial fevers in infants in
Tanzania: a randomised placebo-controlled trial. Lancet 2003,
361:1853-1860.
Cisse B, Sokhna C, Boulanger D, Milet J, Ba el H, Richardson K, Hallett
R, Sutherland C, Simondon K, Simondon F, Alexander N, Gaye O,
Targett G, Lines J, Greenwood B, Trape JF: Seasonal intermittent
preventive treatment with artesunate and sulfadoxinepyrimethamine for prevention of malaria in Senegalese children: a randomised, placebo-controlled, double-blind trial.
Lancet 2006, 367:659-667.
Macete E, Aide P, Aponte JJ, Sanz S, Mandomando I, Espasa M, Sigauque B, Dobano C, Mabunda S, DgeDge M, Alonso P, Menendez C:
Intermittent preventive treatment for malaria control
administered at the time of routine vaccinations in Mozambican infants: a randomized, placebo-controlled trial. J Infect
Dis 2006, 194:276-285.
Mockenhaupt FP, Reither K, Zanger P, Roepcke F, Danquah I, Saad E,
Ziniel P, Dzisi SY, Frempong M, Agana-Nsiire P, Amoo-Sakyi F, Otchwemah R, Cramer JP, Anemana SD, Dietz E, Bienzle U: Intermittent
preventive treatment in infants as a means of malaria control: a randomized, double-blind, placebo-controlled trial in
northern Ghana. Antimicrob Agents Chemother 2007, 51:3273-3281.
Kobbe R, Kreuzberg C, Adjei S, Thompson B, Langefeld I, Thompson
PA, Abruquah HH, Kreuels B, Ayim M, Busch W, Marks F, Amoah K,
Opoku E, Meyer CG, Adjei O, May J: A randomized controlled
trial of extended intermittent preventive antimalarial treatment in infants. Clin Infect Dis 2007, 45:16-25.
Sande MA van der, Waight P, Mendy M, Rayco-Solon P, Hutt P, Fulford T, Doherty C, McConkey SJ, Jeffries D, Hall AJ, Whittle HC:
Long-term protection against carriage of hepatitis B virus
after infant vaccination. J Infect Dis 2006, 193:1528-1535.
Harper DM, Franco EL, Wheeler C, Ferris DG, Jenkins D, Schuind A,
Zahaf T, Innis B, Naud P, De Carvalho NS, Roteli-Martins CM, Teixeira J, Blatter MM, Korn AP, Quint W, Dubin G: Efficacy of a bivalent L1 virus-like particle vaccine in prevention of infection

Page 6 of 8
(page number not for citation purposes)

Malaria Journal 2009, 8:23

18.

19.

20.

21.

22.
23.

24.
25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

with human papillomavirus types 16 and 18 in young women:
a randomised controlled trial. Lancet 2004, 364:1757-1765.
Eskola J, Kilpi T, Palmu A, Jokinen J, Haapakoski J, Herva E, Takala A,
Kayhty H, Karma P, Kohberger R, Siber G, Makela PH: Efficacy of a
pneumococcal conjugate vaccine against acute otitis media.
N Engl J Med 2001, 344:403-409.
Mulholland K, Hilton S, Adegbola R, Usen S, Oparaugo A, Omosigho
C, Weber M, Palmer A, Schneider G, Jobe K, Lahai G, Jaffar S, Secka
O, Lin K, Ethevenaux C, Greenwood B: Randomised trial of Haemophilus influenzae type-b tetanus protein conjugate vaccine [corrected] for prevention of pneumonia and
meningitis in Gambian infants. Lancet 1997, 349:1191-1197.
Chandramohan D, Owusu-Agyei S, Carneiro I, Awine T, AmponsaAchiano K, Mensah N, Jaffar S, Baiden R, Hodgson A, Binka F, Greenwood B: Cluster randomised trial of intermittent preventive
treatment for malaria in infants in area of high, seasonal
transmission in Ghana. Bmj 2005, 331:727-733.
Moorthy VS, Reed Z, Smith PG: MALVAC 2008: Measures of efficacy of malaria vaccines in phase 2b and phase 3 trials-Scientific, regulatory and public health perspectives. Vaccine 2009,
27:624-628.
Smith T, Schellenberg JA, Hayes R: Attributable fraction estimates and case definitions for malaria in endemic areas. Stat
Med 1994, 13:2345-2358.
Henry MC, Assi SB, Rogier C, Dossou-Yovo J, Chandre F, Guillet P,
Carnevale P: Protective efficacy of lambda-cyhalothrin treated
nets in Anopheles gambiae pyrethroid resistance areas of
Cote d'Ivoire. Am J Trop Med Hyg 2005, 73:859-864.
Rogers WO, Atuguba F, Oduro AR, Hodgson A, Koram KA: Clinical
case definitions and malaria vaccine efficacy. J Infect Dis 2006,
193:467-473.
Vounatsou P, Smith T, Kitua AY, Alonso PL, Tanner M: Apparent
tolerance of Plasmodium falciparum in infants in a highly
endemic area. Parasitology 2000, 120(Pt 1):1-9.
Terlouw DJ, Desai MR, Wannemuehler KA, Kariuki SK, Pfeiffer CM,
Kager PA, Shi YP, Ter Kuile FO: Relation between the response
to iron supplementation and sickle cell hemoglobin phenotype in preschool children in western Kenya. Am J Clin Nutr
2004, 79:466-472.
Genton B, Betuela I, Felger I, Al-Yaman F, Anders RF, Saul A, Rare L,
Baisor M, Lorry K, Brown GV, Pye D, Irving DO, Smith TA, Beck HP,
Alpers MP: A recombinant blood-stage malaria vaccine
reduces Plasmodium falciparum density and exerts selective
pressure on parasite populations in a phase 1-2b trial in
Papua New Guinea. J Infect Dis 2002, 185:820-827.
Coulibaly D, Diallo DA, Thera MA, Dicko A, Guindo AB, Kone AK,
Cissoko Y, Coulibaly S, Djimde A, Lyke K, Doumbo OK, Plowe CV:
Impact of preseason treatment on incidence of falciparum
malaria and parasite density at a site for testing malaria vaccines in Bandiagara, Mali. Am J Trop Med Hyg 2002, 67:604-610.
Snow RW, Bastos de Azevedo I, Lowe BS, Kabiru EW, Nevill CG,
Mwankusye S, Kassiga G, Marsh K, Teuscher T: Severe childhood
malaria in two areas of markedly different falciparum transmission in east Africa. Acta Trop 1994, 57:289-300.
Marsh K, Forster D, Waruiru C, Mwangi I, Winstanley M, Marsh V,
Newton C, Winstanley P, Warn P, Peshu N, et al.: Indicators of lifethreatening malaria in African children. N Engl J Med 1995,
332:1399-1404.
Waller D, Krishna S, Crawley J, Miller K, Nosten F, Chapman D, ter
Kuile FO, Craddock C, Berry C, Holloway PA, et al.: Clinical features and outcome of severe malaria in Gambian children.
Clin Infect Dis 1995, 21:577-587.
Snow RW, Omumbo JA, Lowe B, Molyneux CS, Obiero JO, Palmer
A, Weber MW, Pinder M, Nahlen B, Obonyo C, Newbold C, Gupta
S, Marsh K: Relation between severe malaria morbidity in children and level of Plasmodium falciparum transmission in
Africa. Lancet 1997, 349:1650-1654.
Modiano D, Sirima BS, Sawadogo A, Sanou I, Pare J, Konate A, Pagnoni
F: Severe malaria in Burkina Faso: influence of age and transmission level on clinical presentation. Am J Trop Med Hyg 1998,
59:539-542.
Imbert P, Gerardin P, Rogier C, Ka AS, Jouvencel P, Brousse V, Guyon
P: 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 2002, 96:278-281.

http://www.malariajournal.com/content/8/1/23

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

Reyburn H, Mbatia R, Drakeley C, Carneiro I, Mwakasungula E,
Mwerinde O, Saganda K, Shao J, Kitua A, Olomi R, Greenwood BM,
Whitty CJ: Overdiagnosis of malaria in patients with severe
febrile illness in Tanzania: a prospective study. Bmj 2004,
329:1212.
Mockenhaupt FP, Ehrhardt S, Burkhardt J, Bosomtwe SY, Laryea S,
Anemana SD, Otchwemah RN, Cramer JP, Dietz E, Gellert S, Bienzle
U: Manifestation and outcome of severe malaria in children
in northern Ghana. Am J Trop Med Hyg 2004, 71:167-172.
Lyke KE, Dicko A, Kone A, Coulibaly D, Guindo A, Cissoko Y, Traore
K, Plowe CV, Doumbo OK: Incidence of severe Plasmodium falciparum malaria as a primary endpoint for vaccine efficacy
trials in Bandiagara, Mali. Vaccine 2004, 22:3169-3174.
Reyburn H, Mbatia R, Drakeley C, Bruce J, Carneiro I, Olomi R, Cox
J, Nkya WM, Lemnge M, Greenwood BM, Riley EM: Association of
transmission intensity and age with clinical manifestations
and case fatality of severe Plasmodium falciparum malaria.
Jama 2005, 293:1461-1470.
Newton CR, Valim C, Krishna S, Wypij D, Olola C, Agbenyega T, Taylor TE: The prognostic value of measures of acid/base balance
in pediatric falciparum malaria, compared with other clinical
and laboratory parameters. Clin Infect Dis 2005, 41:948-957.
Taylor T, Olola C, Valim C, Agbenyega T, Kremsner P, Krishna S,
Kwiatkowski D, Newton C, Missinou M, Pinder M, Wypij D: Standardized data collection for multi-center clinical studies of
severe malaria in African children: establishing the SMAC
network. Trans R Soc Trop Med Hyg 2006, 100:615-622.
Korenromp EL, Williams BG, Gouws E, Dye C, Snow RW: Measurement of trends in childhood malaria mortality in Africa: an
assessment of progress toward targets based on verbal
autopsy. Lancet Infect Dis 2003, 3:349-358.
Jha P, Jacob B, Gajalakshmi V, Gupta PC, Dhingra N, Kumar R, Sinha
DN, Dikshit RP, Parida DK, Kamadod R, Boreham J, Peto R: A
nationally representative case-control study of smoking and
death in India. N Engl J Med 2008, 358:1137-1147.
Binka FN, Kubaje A, Adjuik M, Williams LA, Lengeler C, Maude GH,
Armah GE, Kajihara B, Adiamah JH, Smith PG: Impact of permethrin impregnated bednets on child mortality in Kassena-Nankana district, Ghana: a randomized controlled trial. Trop Med
Int Health 1996, 1:147-154.
D'Alessandro U, Olaleye BO, McGuire W, Langerock P, Bennett S,
Aikins MK, Thomson MC, Cham MK, Cham BA, Greenwood BM:
Mortality and morbidity from malaria in Gambian children
after introduction of an impregnated bednet programme.
Lancet 1995, 345:479-483.
Habluetzel A, Diallo DA, Esposito F, Lamizana L, Pagnoni F, Lengeler
C, Traore C, Cousens SN: Do insecticide-treated curtains
reduce all-cause child mortality in Burkina Faso? Trop Med Int
Health 1997, 2:855-862.
Phillips-Howard PA, Nahlen BL, Kolczak MS, Hightower AW, ter
Kuile FO, Alaii JA, Gimnig JE, Arudo J, Vulule JM, Odhacha A, Kachur
SP, Schoute E, Rosen DH, Sexton JD, Oloo AJ, Hawley WA: 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 2003,
68:23-29.
Phillips-Howard PA, Nahlen BL, Wannemuehler KA, Kolczak MS, ter
Kuile FO, Gimnig JE, Olson K, Alaii JA, Odhacha A, Vulule JM, Hawley
WA: Impact of permethrin-treated bed nets on the incidence
of sick child visits to peripheral health facilities. Am J Trop Med
Hyg 2003, 68:38-43.
Malaria Vaccine Technology Roadmap Final Report 2006
[http://www.malariavaccineroadmap.net].
Aponte JJ, Aide P, Renom M, Mandomando I, Bassat Q, Sacarlal J, Manaca MN, Lafuente S, Barbosa A, Leach A, Lievens M, Vekemans J,
Sigauque B, Dubois MC, Demoitie MA, Sillman M, Savarese B, McNeil
JG, Macete E, Ballou WR, Cohen J, Alonso PL: Safety of the RTS,
S/AS02D candidate malaria vaccine in infants living in a
highly endemic area of Mozambique: a double blind randomised controlled phase I/IIb trial.
Lancet 2007,
370:1543-1551.
Grobusch MP, Lell B, Schwarz NG, Gabor J, Dornemann J, Potschke
M, Oyakhirome S, Kiessling GC, Necek M, Langin MU, Klouwenberg
PK, Klopfer A, Naumann B, Altun H, Agnandji ST, Goesch J, Decker
M, Salazar CL, Supan C, Kombila DU, Borchert L, Koster KB, Pongratz P, Adegnika AA, Glasenapp I, Issifou S, Kremsner PG: Intermit-

Page 7 of 8
(page number not for citation purposes)

Malaria Journal 2009, 8:23

51.

52.

53.

54.

http://www.malariajournal.com/content/8/1/23

tent preventive treatment against malaria in infants in
Gabon – a randomized, double-blind, placebo-controlled
trial. J Infect Dis 2007, 196:1595-1602.
Lemnge MM, Msangeni HA, Ronn AM, Salum FM, Jakobsen PH, Mhina
JI, Akida JA, Bygbjerg IC: Maloprim malaria prophylaxis in children living in a holoendemic village in north-eastern Tanzania. Trans R Soc Trop Med Hyg 1997, 91:68-73.
Shankar AH, Genton B, Semba RD, Baisor M, Paino J, Tamja S,
Adiguma T, Wu L, Rare L, Tielsch JM, Alpers MP, West KP Jr: Effect
of vitamin A supplementation on morbidity due to Plasmodium falciparum in young children in Papua New Guinea: a
randomised trial. Lancet 1999, 354:203-209.
ter Kuile FO, Terlouw DJ, Kariuki SK, Phillips-Howard PA, Mirel LB,
Hawley WA, Friedman JF, Shi YP, Kolczak MS, Lal AA, Vulule JM,
Nahlen BL: Impact of permethrin-treated bed nets on
malaria, anemia, and growth in infants in an area of intense
perennial malaria transmission in western Kenya. Am J Trop
Med Hyg 2003, 68:68-77.
Muller O, Traore C, Kouyate B, Ye Y, Frey C, Coulibaly B, Becher H:
Effects of insecticide-treated bednets during early infancy in
an African area of intense malaria transmission: a randomized controlled trial.
Bull World Health Organ 2006,
84:120-126.

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 8 of 8
(page number not for citation purposes)

