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The need for medical research in Africa

• The unfinished agenda of Global Health
• The 10/90 gap

• Funding of health priorities
• The 10/90 gap also reflects disparities in research infrastructure, 

capacity, and expertise between high-income countries and low-
and middle-income countries. Limited access to resources, 
including laboratories, trained researchers, and clinical trial 
facilities, hampers the ability of developing countries to conduct
their research and address their specific health challenges.



• Universities and research centers
• Research funding
• Collaborative networks and partnerships
• Health data and information systems
• Capacity building and training 
• Research ethics and regulations
• Infrastructure and technology
• Translational research and implementation science
• Regulatory environment

The medical research ecosystem 
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The effect of insecticide-treated bed nets on

mortality of Gambian children

Insecticide treatment of bed nets ("mosquito nets")
may be a cheap and acceptable method of reducing
the morbidity and mortality caused by malaria. In a
rural area of The Gambia, bed nets in villages
participating in a primary health-care (PHC) scheme
were treated with permethrin at the beginning of the
malaria transmission season. Additionally, children

aged 6 months to 5 years were randomised to receive

weekly either chemoprophylaxis with maloprim or a

placebo throughout the malaria transmission season.
We measured mortality in children in PHC villages
before and after the interventions described, and

compared this with mortality in villages where no
interventions occurred (non-PHC villages).
About 92% of children in PHC villages slept under

insecticide-treated bed nets. In the year before

intervention, mortality in children aged 1-4 years was
lower in non-PHC villages. After intervention, the
overall mortality and mortality attributable to malaria
of children aged 1-4 in the intervention villages was
37% and 30%, respectively, of that in the non-PHC

villages. Among children who slept under treated

nets, we found no evidence of an additional benefit

of chemoprophylaxis in preventing deaths.

Insecticide-treated bed nets are simple to introduce
and can reduce mortality from malaria.

Introduction

In rural areas of The Gambia, 4s in other parts of tropical
Africa, malaria remains one of the most important causes of
death in children under the age of 5 years.1 Until a cheap,
safe, and effective vaccine becomes available, malaria control
in such communities will rely primarily on antimalarial

drugs for treatment and prevention, and on the reduction of
man-vector contact.

Insecticide-treated bed nets ("mosquito nets") may be a

relatively cheap and acceptable method of reducing man-
vector contact.2.3 However, the efficacy of insecticide-

treated materials as a form of malaria control is controversial.

Results of some previous studies are difficult to interpret
and are complicated by variations in the epidemiology of
malaria in the different areas where trials have been done.

Moreover, comparison between the few studies that have

attempted to evaluate the effect on morbidity of insecticide-
treated material has been made difficult by the use of
different clinical and parasitological measurements.’ No
studies have shown an effect of insecticide-impregnated bed
nets on mortality.

Studies in the Farafenni area of The Gambia showed that

morbidity from malaria was reduced by targeted
chemoprophylaxis with maloprim (pyrimethamine and

dapsone) and the use of permethrin-impregnated bed nets,
and that each of these malaria-control strategies can be used
in a village-based primary health-care (PHC) scheme.S.6

Therefore, we have done a field study to determine whether
insecticide treatment of bed nets could be implemented on a

large scale as a malaria-control strategy, and we report the

impact of this intervention on mortality in young children.
In addition, we report the effect on mortality of targeted
chemoprophylaxis in children already protected by
insecticide-impregnated bed nets.

Subjects and methods

Study area and study population

The trial was done in 73 villages on the south bank of the river

Gambia, east of the town of Soma and about 200 km from the

Atlantic coast. The area is one of flat Sudan savanna, with mangrove

swamps bordering the river which is still partly saline at this point.
The climate is characteristic of the sub-Sahel, with a long dry season
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TABLE I-MORTALITY RATES FOR INFANTS (DEATHS/1000 LIVE

BIRTHS) AND CHILDREN AGED 1-4 (DEATHS/1000 PER YEAR)
FOR 1 YEAR BEFORE AND AFTER INTERVENTION

*x’test, NS=not significant. fDeaths/live births; tdeaths/approximate mid-year

population. &sect;0f 1000 live births, this is an estimate of the number that do not live until

5 years old.

residents, it was important to determine whether mortality
rates differed between them before intervention started.

Past levels of mortality in children under 5 years old in the

two sets of villages are shown in fig 1. Mortality rates over

the past 15 years have followed a convergent and then a

closely parallel course, with rates tending to be higher in
PHC than in non-PHC villages.
We determined mortality rates in children under 5 years

old during the year before intervention using a prospective
surveillance system (table I). The child-mortality rate

(mortality in children aged 1-4 years) was significantly
higher in the PHC than in non-PHC villages, but infant-

mortality rates were similar in the two sets of villages.
However, in the year following intervention, the child-

mortality rate in PHC villages was 37% of that in the
non-PHC villages (95% CI =20-68%).

Fig 2-Deaths in children aged 1-4 years in pre and post
intervention years in PHC and non-PHC villages.

(A) PHCvillages, (B) non-PHC villages. Over90%ofchildren in PHC
villages slept under insecticide-treated bed nets in the post-intervention
year and about one half received additional chemoprophylaxis.

TABLE II-MORTALITY RATES ATTRIBUTABLE TO MALARIA FOR

INFANTS (DEATHS/1000 LIVE BIRTHS) AND CHILDREN AGED 1-4

YEARS (DEATHS/1 000 PER YEAR) FOR 1 YEAR BEFORE AND

AFTER INTERVENTION

NS =not significant. *Fisher’s exact test; fdeath/live births, tdeaths/approximate
mid-year population, 9X2 test.

The seasonal distribution of childhood deaths in the two

sets of villages is shown in fig 2. During the pre-intervention
year, 96 of 118 (81%) deaths in children aged 1-4 years
occurred between July and December, when most malaria
transmission takes place. The seasonal peak in child

mortality during the rainy season almost disappeared in
PHC villages in the post-intervention year. Analysis of
death rates by season showed that infant and child mortality
rates were both significantly lower in PHC villages than in

non-PHC villages during the wet season of the post

intervention year (X2=4’1, df=1, p < 005 and X2=11’6,
df 1, p < 0-001, respectively).

Mortality rates attributable to malaria are shown in

table II. During the pre-intervention year, infant and child
malaria mortality rates were higher in PHC villages than in

non-PHC villages. However, the child malaria mortality
rate in PHC villages was 30% (95% CI = 11-77%) of that in

non-PHC villages during the post-intervention year. No

significant effect was seen in infants.

The effects of chemoprophylaxis on mortality

In villages where insecticide-treated nets were in use,
there were 10 deaths in the group receiving maloprim
(mortality rate =10 5/1000) and 9 deaths in the placebo
group (mortality rate =9 51/1000) (&khgr;2=0.05, df=l,
p = 0 83; relative risk = 091, 95 % CI = 0-37-2 22). 6 deaths
in the placebo group were attributed to malaria as were 2 in
the maloprim group (p = 0-18, Fisher’s exact test).

Discussion

Our finding of a pronounced reduction in mortality in
children under 5 years old following the introduction of
insecticide-treated bed nets and chemoprophylaxis,
supports the view that treated bed nets are an effective
malaria-control measure in The Gambia.12 Malaria-specific
and overall protective efficacies of 70% and 63%,

respectively, were found in children aged 1-4 years. It is

probable that impregnated bed nets prevented most

malaria-associated deaths because chemoprophylaxis,
shown previously to have a beneficial effect on childhood

mortality in rural areas of The Gambia, gave no additional

protection. The pronounced effect of insecticide-treated
bed nets on mortality means that the power of the study to

detect an additional effect of chemoprophylaxis is low.

However, chemoprophylaxis plus treated bed nets

significantly reduced morbidity from malaria compared
with treated bed nets alone (data not shown).
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Safety, Immunogenicity and Duration of Protection of
the RTS,S/AS02D Malaria Vaccine: One Year Follow-Up of
a Randomized Controlled Phase I/IIb Trial
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Abst ract

Background: The RTS,S/AS02D vaccine has been shown to have a promising safety profile, to be immunogenic and to
confer protection against malaria in children and infants.

Methods and Findings: We did a randomized, controlled, phase I/IIb trial of RTS,S/AS02D given at 10, 14 and 18 weeks of
age staggered with routine immunization vaccines in 214 Mozambican infants. The study was double-blind until the young
child completed 6 months of follow-up over which period vaccine efficacy against new Plasmodium falciparum infections
was estimated at 65.9% (95% CI 42.6–79.8, p, 0.0001). We now report safety, immunogenicity and estimated efficacy
against clinical malaria up to 14 months after study start. Vaccine efficacy was assessed using Cox regression models. The
frequency of serious adverse events was 32.7% in the RTS,S/AS02D and 31.8% in the control group. The geometric mean
titers of anti-circumsporozoite antibodies declined from 199.9 to 7.3 EU/mL from one to 12 months post dose three of
RTS,S/AS02D, remaining 15-fold higher than in the control group. Vaccine efficacy against clinical malaria was 33% (95% CI:
2 4.3–56.9, p = 0.076) over 14 months of follow-up. The hazard rate of disease per 2-fold increase in anti-CS titters was
reduced by 84% (95% CI 35.1–88.2, p = 0.003).

Conclusion: The RTS,S/AS02D malaria vaccine administered to young infants has a good safety profile and remains
efficacious over 14 months. A strong association between anti-CSantibodies and risk of clinical malaria has been described
for the first time. The results also suggest a decrease of both anti-CS antibodies and vaccine efficacy over time.
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Int roduct ion

Plasmodium falciparum malaria is one of the most serious public

health problems worldwide[1]. The need for improved prevention

tools cannot be overemphasized. A safe and effective malaria

vaccine to be used in malaria-endemic areas, particularly during

early stages of life, could greatly contribute to reducing the

enormous burden of malaria, and perhaps contribute to future

eradication efforts.

The last decade has witnessed important progresses in the

development of a first generation malaria vaccine. GlaxoSmithK-

line’s (GSK) RTS,S, formulated with the Adjuvant System AS02
or AS01, iscurrently theworld’smost clinically-advanced malaria

vaccine candidate. This vaccine has been shown to be safe and
efficaciousagainst malaria infection and disease in adult naı̈ve and

semi-immune volunteers [2,3]. In 2004, we reported the first
proof-of-concept study in African children aged 1 to 4 years

showing that the vaccine was safe, immunogenic and reduced the
risk of P. falciparum infection, uncomplicated malaria and severe

disease, and that protection lasted for at least 45 months [4,5,6].

Recognizing that malaria control strategies must prioritize

protection in infants [7,8,9] led usto a I/ IIb proof-of-concept trial
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Schoenfeld residuals (p= 0.049) suggested that the hazard wasnot
proportional over the follow-up period, consistent with the notion

that VE waned over the course of the study.
Analysisof the relationship between anti-CS antibody levelsand

VE against clinical malaria suggested that within RTS,S
recipients, the hazard rates of disease per 2 fold increase anti-CS

titres at one month post dose 3 were significantly reduced by
84.1% (95% CI 43.5–95.5, p= 0.004) and 72.4% (95% CI 35.1–

88.2, p= 0.003)for thetwo follow-up periods(ATP3–9 and ATP3–14),

respectively.

Discussion

This is the first comprehensive safety and reactogenicity report

of RTS,S/ AS malaria vaccine in infants. We previously reported
that VE against new P. falciparum infections was 65.9% during the

Table 4. Vaccine efficacy evaluated for different follow-up periods.

Engerix B (n = 92)

RTS,S/AS02D

(n = 93) Vaccine Efficacy

Events PYAR Rate Events PYAR Rate 95% CI p

ATP(3–9)

First or only (FO) episode of fever and parasitemia . 500/ml 34 31.5 1.08 21 38.2 0.55 48.8% 11.3–70.4 0.017

FO episode of fever or history of fever* and parasitemia . 0/ml 48 27.7 1.74 29 36.4 0.80 54.5% 27.3–71.5 0.001

Multiple episodes of fever and parasitemia. 500/ml 45 36.2 1.24 23 40.2 0.57 53.7% 21.4–72.7 0.004

Multiple episodes of fever or history of fever* and parasitemia . 0/ml 72 36.0 2.00 34 40.0 0.85 58.9% 35.8–73.6 , 0.001

ATP(3–14)

First or only (FO) episode of fever and parasitemia . 500/ml 45 51.3 0.88 36 61.7 0.58 33.0% 2 4.3–56.9 0.076

FO episode of fever or history of fever* and parasitemia . 0/ml 57 41.4 1.38 45 57.1 0.79 41.9% 13.7–60.9 0.007

Multiple episodes of fever and parasitemia. 500/ml 74 68.9 1.07 58 72.5 0.80 25.9% 2 15.7–52.6 0.187

Multiple episodes of fever or history of fever* and parasitemia . 0/ml 120 68.4 1.75 85 72.3 1.18 35.1% 2.2–57.0 0.039

ITT**(0–14)

First or only (FO) episode of fever and parasitemia . 500/ml 54 79.4 0.68 46 90.2 0.51 25.9% 2 9.9–50.0 0.136

Multiple episodes of fever and parasitemia. 500/ml 105 111 0.94 82 113 0.72 24.3% 2 12.9–49.2 0.173

Multiple episodes of fever and parasitemia. 500/ml (PCD only) 95 112 0.85 80 113 0.71 17.6% 2 24.2–45.3 0.355

*History of fever in previous 24 hours.

**ITT: n = 107 for each group.

PYAR= Persons-years at risk. Vaccine efficacy adjusted estimates for area and distance from health center (km).

ATP= According to the Protocol; ITT= Intention to Treat; PCD= Passive Case Detection.

doi:10.1371/journal.pone.0013838.t004

Figure 2. Kaplan-Meier curves for the cumulat ive proport ion of children with at least one episode of clinical malaria between study
months 3 to14 (ATP 3–14).
doi:10.1371/journal.pone.0013838.g002

RTS,S/AS02D Extended Follow-Up
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ATP= According to the Protocol; ITT= Intention to Treat; PCD= Passive Case Detection.

doi:10.1371/journal.pone.0013838.t004

Figure 2. Kaplan-Meier curves for the cumulat ive proport ion of children with at least one episode of clinical malaria between study
months 3 to14 (ATP 3–14).
doi:10.1371/journal.pone.0013838.g002
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This long-awaited vaccine, 

developed in Africa, by 

African scientists, is a 

breakthrough for science, 

child health and malaria 

control… This vaccine is a 

gift to the world, but its value 

will be felt most in Africa, 

because that’s where the 

burden of malaria is 

greatest.

WHO Director-General Dr 

Tedros Adhanom 

Ghebreyesus.
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• A global, regional and national strategic need 

• Clinical trials constitute a cornerstone of medical research and are a critical
component of the research and development process for new technologies, 
including drugs, medical devices, and treatment protocols.

• Clinical trials can have significant economic implications for countries. Hosting 
trials attracts investments from companies, which can lead to job creation, 
increased revenue, and the development of local expertise in research and 
development. A favorable environment for clinical trials can stimulate
economic growth and create opportunities for technology implementation.

In summary: health research constitutes 



• Regulatory Environment: The regulatory framework and approval
processes for clinical trials play a crucial role in determining the pace 
of technology implementation. Countries with efficient and 
transparent regulatory systems can attract more clinical trials, 
leading to earlier adoption and implementation of new 
technologies.

• Competition to attract clinical trials is increasing between countries 
nd regions



Countries actively engaged in clinical trials tend to have a higher likelihood
of early access to new technologies and improved healthcare outcomes.

Hosting clinical trials contributes to capacity building, collaboration, 
policy development, and patient engagement, all of which influence the
implementation of new technologies in healthcare systems.


