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Abstract 
Despite current interventions, malaria continues to claim the lives of over 650,000 people each year. In order to 
control malaria, adequate anti-malarial drugs, vector control, personal protection and population education are vital. 
A number of barriers stand in the way of global eradication and must be addressed in order to achieve this. A 
number of research goals have been identified by the World Health Organisation and the Bill & Melinda Gates 
Foundation to aid progress in the eradication of malaria. It is accepted that a highly effective, widely administered 
combination vaccine is required if global eradication of malaria is to be achieved, however progress is slow and 
further research is required. In conclusion, the eradication of malaria is a feasible option, however further research 
and resources are required before it can become a realistic possibility. It is unlikely that global eradiation will be 
achieved before 2050. 

Introduction 
Malaria eradication campaigns and initiatives have been increasing over the last decade. A call from the Bill & 
Melinda Gates Foundation to achieve global eradication of malaria was echoed and supported by Margaret Chan of 
the World Health Organisation (WHO), prompting a surge in funding, publicity and research into finding a solution1. 
Despite this increased effort malaria still claimed the lives of over 650,000 people living in some of the world's 
poorest countries last year2. Today, malaria transmission occurs in 106 countries (fig.1). 81 of these nations are 
focusing on controlling the disease's effects whilst 25 of them are in the phases of pre-elimination, elimination and 
prevention of re-introduction3. Progress is slow, and it is questioned whether we currently possess the necessary tools 
and knowledge to achieve global eradication1. This review will look into the topic of malaria and the barriers facing 
those trying to fight the disease, identifying areas requiring further 

 

DEFINITION OF TERMS 

Control: Reduction of incidence to a level where the disease is no longer a public-health priority 

Elimination: Interruption of transmission leading to a prevalence of zero in a large geographical location/population 

Eradication: Worldwide interruption of transmission and an incidence of zero investment and research 
if the United Nation's goal of reversing the incidence of malaria by 2015 is to be achieved. 

Methodology 
A collection of medical textbooks and journals were used to gather information for this review. Clinical review 
articles were collected using the Medline and Google Scholar search engines, with search terms including 'malaria' 
and 'eradication' along with 'feasibility', 'vaccine' and 'strategies' used. Articles were selected based on several factors: 

FIGURE 1: 
MALARIA, COUNTRIES OR AREAS AT RISK 

OF TRANSMISSION' 20104 
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relevance, date of writing, being written in the English language and their appearance in high-impact journals. 
Information and statistics from the WHO online database provided the foundations for this review, providing 
education on malaria and epidemiological reports. 

 

AN OVERVIEW OF MALARIA 

Definition: Plasmodium parasitic infection, carried by female Anopheles mosquitoes. 

Transmission: Mosquito bite 
Incubation period: Varies for each strain, approximately 10-15days 

Epidemiology: Prevalence is greatest in sub-Saharan Africa, Asia and Latin America. Children, the 
immunosuppressed, pregnant women and people from non-endemic areas are most at risk. 

Principle signs and symptoms: Malaise Rigour Fever (>40oc) Convulsions 

Complications: P. falciparum is the most deadly 

strain, and can cause cerebral malaria (unrousable coma, convulsions, retinal haemorrhages and respiratory distress). 

With P. vivax and P. ovale relapses may occur weeks/months post-infection 

Diagnosis: Rapid diagnostic tests are available, with diagnosis confirmed via blood film where possible. 

Treatment: Artemisnin-based combination therapy (ACT) is the first choice treatment. 

Prevention: Mosquito nets, residual insecticides, prophylactic medicines for travellers to endemic regions 
 

Malaria transmission 
Malaria is a protozoal disease caused by Plasmodium parasites. There are four parasitic species known to affect 
humans: Plasmodium falciparum, P. vivax, P. ovale, P.malariae. A fifth species can also be added to this list, P. knowlesi, 
previously known to cause malaria in monkeys but in recent years human cases have been identified5,6. The parasites 
spread via female mosquitoes of the Anopheles genus. There are approximately 430 species of Anopheles mosquitoes, 
of which 30-40 are vectors for the disease. The incubation period for malaria is two weeks, after which infected 
persons may present with acute pyrexia and flu-like symptoms, or with partial symptoms, or be asymptomatic. P. 
vivax and P. ovale may relapse and remit with a dormant liver stage (patients remain asymptomatic whilst the parasite 
resides within the liver) and the P. malariae parasite can remain in the blood for years7. 

Transmission occurs solely through mosquito bites, and therefore relies heavily on the life cycle of the mosquito 
(fig 2). A rate of transmission can be calculated using the basic reproduction rate of infected mosquitoes (the number 
of new cases stemming from one individual case). In order for elimination to be possible, this rate must be less than 
one. Currently, transmission rate is estimated to vary from 1 to 3000, although this is only an estimate8. There are a 
number of factors affecting transmission rate: 

• Duration of parasitic development cycle in the mosquito 
• Density of mosquitoes in a given location 
• Feeding rate of mosquito on humans 
• Survival rate of mosquitoes 

Of these four factors, only three can be manipulated to try and prevent the spread of malaria. Reducing the 
survival rate of mosquitoes and therefore the density of the mosquitoes is at the centre of many anti-malarial 
campaigns, along with attempts to reduce feeding rate on humans. Currently, there are no interventions that can 
modify the life-cycle of the parasite within the mosquito9. Strategies currently being used to eliminate malaria will be 
discussed later in the review. 

Barriers to eradication 
Despite the biological feasibility of eliminating malaria (there are no animal reservoirs for the disease), there are still 
several factors impeding its elimination. 

It has been estimated by the WHO that eradicating malaria will require $6billion. Over the last ten years funds 
have increased from $0.2billion to $1.6billion, but this is still a long way off target10. Political com-mitment is required 
in order to implement various strategies and thorough planning is required; many unsuccessful eradication attempts 
in the past have failed due to poor planning and a lack of strategy. Several countries attempting eradication currently 
have a high transmission potential, a high incidence of new cases and lack a robust surveillance system to pick up 
new cases due to a lack of national expertise9, 10. These factors make elimination unlikely. 

The vector mode of transmission adds to the difficulties in eliminating malaria. To-date there is no vaccination 
against parasitic diseases, due to the similarity between parasitic cells and human cells. The life-cycle of incubated 
protozoa makes their identification difficult, particularly as P. vivax can lie dormant in hepatocytes and there are 
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limited diagnostic tests available. This is also the case for the asymptomatic presentation of many of those infected 
with a parasite. There have been several cases where a country has successfully "eliminated" malaria, only to discover 
that it has been reintroduced some time later. Often this can be attributed to human migration, stemming from 
environmental deterioration, economic necessity, conflict and natural disasters. These issues have a higher impact on 
the poor, who coincidently live in malarious areas11. Travellers visiting friends and relatives (VFR) also facilitate 
transmission, with poor adherence to chemoprophylaxis and a lack of education7. 

The pathophysiology of the disease, in particular sequestration (a process where infected erythrocytes adhere to 
capillary wall via parasitic interaction), makes it more difficult to identify and combat. A high drug resistance against 
many anti-malarial medications makes treatment of the disease difficult; chloroquine was once the medication of 
choice against malaria, but is now only effective in limited areas, and mefloquine hydrochloride is less and less 
effective12. It is predicted that a three-in-one medication is the only way of successfully combating the disease; 
however this requires extensive funding and research in order to avoid problems such as drug resistance10. 

A final barrier to the eradication of malaria lies in the affected population itself. Once incidence of the disease 
begins to decrease in a population, public interest in its prevention decreases. As this awareness fades, preventive 
measures are forgotten and the dis-ease returns. As mentioned, the populations affected 
by malaria can be of poor socioeconomic status and isolated from urban areas where awareness may be higher, and 
are therefore troubled by poor education and a lack of resources. All of these issues must be addressed in order to 
reverse the incidence of malaria. 

Steps towards eradication: What can history teach us? 
There have been a number of successful and unsuccessful attempts to eliminate malaria from individual islands, 
regions and countries. Below are a number of case reports, showing the successes and pitfalls of a number of 
strategies. We can learn from these today, to steer ourselves towards a malaria-free world. 

 

CASE STUDY: UNITED ARAB EMIRATES 

In the 1970s the United Arab Emirates (UAE) 
reinitiated its national malaria control programme, aiming to eliminate malaria from the country. The UAE was 
endemic for both P. falciparum and P. vivax, and reported over 22,000 cases annually. The country initially used 
indoor residual spraying with Dichlorodiphenyltrichloroethane. (DDT), before shifting priority to improving 
surveillance (increasing screening and diagnosis) and eliminating residual foci of transmission between 1984 and 
1990. By 1990 the number of cases had dropped to 3500 per year, and a national register was introduced to investigate 
each new case individually. The last indigenous case of malaria was identified in 1997, and the country was declared 
malaria-free in 2007. 

(Adapted from 'United Arab Emirates certified malaria-free', 2010)13 

 

 

CASE STUDY: THE GARKI PROJECT 

The Garki Project was a study carried out in the Garki District of northern Nigeria from 1969 to 1976 investigating the 
effects of a residual spraying campaign and mass drug administration on malar-ia transmission. During the study 
97% of dwellings were sprayed and 85% of the population received anti-malarial medication. Transmission rates 
were recorded over a two year period. Results of the study showed that despite a reduc-tion in vector capacity by 
90%, transmission of malaria was uninterrupted. Mortality was reduced through mass drug administration but again 
there was no effect on transmission rates. More than vector control is required to eliminate malaria. The mathematical 
model used to calculate epidemiology of P. falciparum was found to be accurate, and is available to be used in 
planning the control of malaria. 

(Adapted from 'The Gharki Project', 1980)u 

CASE STUDY: ITALY 

In the late 19th century the number of malaria cases in Italy was reported to be 2million in a population of 30million. 
From 1901, quinine (an anti-malarial) was made available to individuals from malaria-endemic regions who 
presented with a fever. Following an increase in cases during the First World War, 1923 saw the use of quinine 
extended from therapeutic to prophylactic. To accompany this, larvicides were introduced. The Italian health 
authorities worked alongside the Rockefeller Foundation to reduce case numbers. Following the Second World War 
the introduction of DDT by American forces enabled the country to begin a five-year eradication programme, 
focussed on vector control. Insecticide and larvicide were sprayed both indoors and outdoors on all waters where 
Anopheles larvae could grow. By 1950, mainland Italy was declared malaria-free. 

(Adapted from 'Short History of Malaria and its Eradication in 
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Italy', 2012)15 

 

Current strategies 
In 2005 the World Health Assembly set the target of using locally appropriate interventions to achieve universal 

coverage for all at-risk populations, in order to reduce malaria cases by 50% compared to 20002. Currently, control is 
achieved using a combination of anti-malarial medications, vector control, personal protection and education. Tools 
such as these have managed to reduce malaria deaths by 750,000 in Africa alone over the last ten years, with three 
quar-ters of these deaths being prevented since 200610. Local governments are aiming to provide all people living in 
malaria-endemic zones with an insecticide-treated mosquito net, and the use of indoor residual spraying is 
increasing, along with monitoring of insecticide resistance2. Research is increasing into diagnostic test-ing. P. 
falciparum is now easily identified through serology, but now attention must turn towards identifying other strains of 
the parasite, in particular P. vivax. The development of Artemsinin-based combination therapy (ACT) treatment has 
prevented a large number of deaths by P. falciparum. This is a rapid response, low resistance treatment with a >95% 
cure rate. It works by reducing infectivity through anti-gametocyte activity (fig. 3), however it is still not 100% 
effective. Current research is exploring new medications, in preparation for a possible resistance to ACT emerging. 

Campaigns are also used to great effect in malaria-endemic zones. The WHO is currently encouraging the T3 
campaign (April 2012) - Test, Treat, Track. This aims to reinstate the necessity of identifying new cases immediately, 
encouraging health organisations to test everyone with a fever or flu-like symptoms. The T3 
campaign has identified that the key to eliminating malaria is vigilant surveillance and focuses attention onto the 
latest WHO guidance16. Finally, The Malaria Eradication Research Agenda outlines a number of areas requiring 
further research to aid progression of the cause. 

 

MALARIA ERADICATION RESEARCH AGENDA PRIORITIES 

1. Basic science Biology of liver stages and sexual forms (gametocytes), vector ecology and behaviour, 

immunology (especially vaccines) 

2. Vaccines   Transmission-blocking a priority for elimination and eradication 

3. Drugs One formula given at single encounter for cure & prevention or prophylaxis. If not a single 

drug, need better and safe drugs to 

 Overcome resistance 

 Attack latent stages (hypnozoites) 

 Be suitable for mass administration 

 Provide prevention or prophylaxis 

4. Insecticides to avoid For insecticide-treated nets and indoor residual spraying. Long duration formulations. 

    resistance  Consumer and environment friendly. Cheap and easy to apply 

5.  New vector control Target outdoor and indoor biting and resting mosqitoes. Modified mosquitoes that educe 

vector capacity permanently 

6. Diagnostics Detect asymptomatic and low parasite levels. Detect gametocytes.  

7. Monitoring and Usable, detailed and timely data to manage programmes. Test different surveillance models 

    evaluation 

8. Modelling Identify and characterise effect of key investments 

9.  Cross cutting Strengthen key components of health services. Address financing, delivery, performance and 

engagement 
 
 
Is a vaccine the solution? 
Research will need to be continued into the future if malaria is to be eradicated. As listed in box 3, one of these 
interventions is the development of an anti-malarial vaccination, aiming to prevent transmission of the disease. The 
WHO has suggested that despite curative medicines and vector control, the elimination of malaria from high-
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transmission areas will be impossible without a vaccine, as the rate of re-introduction will be too high10. An anti-
malarial vaccine would need to concentrate on one of three areas of the parasite life-cycle, once it is situated within 
the host (fig 2). 

As the image shows, there are antigens from three areas of the plasmodia life-cycles that a vaccine could target, 
each with different effects on transmission9: 

• Sporozoites - therapy targeted here would lower infection rates 
• Asexual stage - therapy targeted here would lower parasite load. This would prevent disease along with 

transmission. 
• Sexual stage - therapy targeted here would lower transmission rate but without preventing disease in an infected 

person 

To date, RTS,S is the first 1st-generation anti-malar-ial vaccine licensed. It uses part of P. falciparum and the 
hepatitis B surface antigen to trigger an immune response17. Currently, however, it only provides 50% protection 
against severe disease and is still in the early days of development. 

There are a number of issues when considering the feasibility of an anti-malaria vaccination. There are financial 
limitations, with the cost of producing a vac-cine exceeding current funding available for malaria research. There are 
also extensive logistical issues; any vaccine administered would need to be single-encounter to suit an extensive rural 
population3. Given the high transmission incidence a large propor-tion of the at-risk population would need to be 
vacci-nated with a highly effective vaccine. It is suggested that a combination vaccination would be required; 
something that is not currently available. 

Presently, the focus of many campaigns is still on controlling the numbers of cases rather than eliminat-ing the 
disease itself; it is expected that vaccination will become more appropriate once eradication becomes the global goal. 

Summary 
The prospect of global eradication of malaria is feasible; however it is likely to take several decades due to a lack of 
funding, a lack of local research and continuing resistance to anti-malarial medication. Short-term goals should focus 
on increasing the impact of anti-malarial therapy on mortality and morbidity, in order to reduce the severity of 
Transmission should move their efforts towards outright elimination of the Plasmodium parasite. Areas of high 
transmission should move towards low or interrupted transmission. Continued research is needed to prevent further 
anti-malarial resistance, particularly in the case of ACT. A vaccine is not required today and RTS, S is currently too 
under-developed to be considered a possibility at present. However a vaccine is vital if eradication is to be achieved 
over time. 
 

 

 

PATIENT INFORMATION RESOURCES 

UK Malaria Treatment Guidelines 

(Lalloo D et al.) DOI:10.1016/j.jinf.2006.12.003 
An overview of the current national treatment guidelines for both falciparum and non-falciparum malaria. 

World Malaria Report 2011 
(World Health Organisation) 
An annual report analysing data collected from all 106 countries affected by malaria, with country profiles and an 
outline of current strategies and goals. 
Patient.co.uk - Malaria summary 
http://www.patient.co.uk/health/Malaria.htm) This is a patient information summary offering an overview of the 
disease. 

Malaria No More (UK) 
http://malarianomore.org.uk/) Malaria No More is a charity backing the WHO goal of reversing the incidence of 
malaria by 2015. It provides educational resources, updates and ways for people to get involved in the campaign 
against the disease. 

NHS Fit for Travel - Malaria 

http://www.fitfortravel.nhs.uk/advice/malaria.as 
px) 
An overview of chemoprophylaxis available for travellers visiting endemic areas, with the option to search by 
destination to identify the most appropriate choice of medication. 
 

http://patient.co.uk/
http://www.patient.co.uk/health/Malaria.htm
http://malarianomore.org.uk/
http://www.fitfortravel.nhs.uk/advice/malaria.as
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ADDITIONAL EDUCATIONAL RESOURCES 

That Was Then But This Is Now: Malaria Research in the Time of an Eradication Agenda 
(Kappe S et al) DOI: 10.1126/science.1184785 A review offering an insight into current research regarding the 
prevention of malaria transmission. Parasitic biology is being used to provide new targets for anti-malarial drugs and 
vaccines. 
 

ONGOING RESEARCH STUDIES 

Reducing the Burden of Malaria by Targeting Hotspots of Malaria Transmission 
(Radboud University) 
A study investigating the value of rolling out four targeted malaria control methods, to reduce malarial transmission. 
These include the local up scaling insecticide residual sprays and insecticide-treated mosquito nets, larviciding and 
treating parasite-carriers and their families with first-choice anti-malarial medication. 

Trial of RTS,S/AS01 Malaria Vaccine in African Children 
(The RTS,S Clinical Trials Partnership) DOI: 
10.1056/NEJMoa1102287 
An ongoing study into the efficacy, safety and immunogenicitiy of the RTS,S/AS01 malaria vaccine. A trial of the 
vaccine is currently being conducted in seven African countries. Preliminary results were published in 2011 and the 
study shall conclude in 2014. 
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FIGURE 2: BREAKING THE CYCLE18 

The image shows the life cycle of the protozoa that 

causes malaria. 

The female anopheles mosquito requires 

blood for its eggs. In order to feed, it 

must first gain direct capillary access, 

injecting sporozites into the host as it 
does so. Sporozites travel to the liver 

via the bloodstream, and develop into 

liver schizonts. These rupture and 

release thousands of merozoites, which 

invade red blood cells, and morph into 

either male or female gamocytes, ready 
to be ingested by another anopheles 

mosquito when it takes a blood meal 

from the host. 
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