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Malaria eradication project 

MALARIA 

 

What is malaria? 
Malaria is a serious infection. It is common in tropical countries such as parts of Africa, Asia and South America. 

Malaria is a disease caused by a parasite called Plasmodium that lives in mosquitoes. A parasite is a living thing 

that lives in, or on, another living organism. The plasmodium parasite is passed to humans from a mosquito bite. 

There are four types of plasmodium that cause malaria. These are called Plasmodium falciparum, Plasmodium 

vivax, Plasmodium ovale and Plasmodium malariae. Most cases of malaria brought into the UK are due 

to Plasmodium falciparum. This type of malaria is also the most likely to result in severe illness and/or death. 

Most infections occur in travellers returning to the UK (rather than visitors coming to the UK). The risk of getting 

malaria is greatest if you do not take antimalarial medication or do not take it properly. People who take 

last-minute holidays and those visiting friends or relatives abroad have been shown to be the least likely to take 

antimalarial medication. 

In 2013, 1,501 people in the UK developed malaria which had been caught whilst abroad. Seven people died. 

Malaria can kill people very quickly if it is not diagnosed promptly. 

 

The most common symptom of malaria is a high temperature (fever). Malaria can also cause muscle pains, 

headaches, diarrhoea and a cough. 
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Awareness of the risk of malaria 
The risk varies between countries and the type of trip. For example, back-packing or travelling to rural areas is 

generally more risky than staying in urban hotels. In some countries the risk varies between seasons - malaria is 

more common in the wet season. The main type of parasite and the amount of resistance to medication vary in 

different countries. Although risk varies, all travellers to malaria-risk countries should take precautions to prevent 

malaria. 

 

The mosquitoes which transmit malaria commonly fly from dusk to dawn and therefore evenings and nights are 

the most dangerous time for transmission. 

Bite prevention 
You should use an effective insect repellent on clothing and any exposed skin. Diethyltoluamide (DEET) is safe 

and the most effective insect repellent and can be sprayed on to clothes. It lasts up to three hours for 20%, up to 

six hours for 30% and up to 12 hours for 50% DEET. There is no further increase in duration of protection beyond 

a concentration of 50%. When both sunscreen and DEET are required, DEET should be applied after the 

sunscreen has been applied. DEET can be used on babies and children over 2 months of age. In addition, DEET 

can be used, in a concentration of up to 50%, if you are pregnant. It is also safe to use if you are breast-feeding. If 

you have sensitive skin you may find DEET irritating. Insecticides containing picaridin are a useful alternative. 

If you sleep outdoors or in an unscreened room, you should use mosquito nets impregnated with an insecticide 

(such as pyrethroid). The net should be long enough to fall to the floor all round your bed and be tucked under the 

mattress. Check the net regularly for holes. Nets need to be re-impregnated with insecticide every six to twelve 

months (depending on how frequently the net is washed) to remain effective. Long-lasting nets, in which the 

pyrethroid is incorporated into the material of the net itself, are now available and can last up to five years. 

If practical, you should try to cover up bare areas with long-sleeved, loose-fitting clothing, long trousers and socks 

- if you are outside after sunset - to reduce the risk of mosquitoes biting. Clothing may be sprayed or impregnated 

with permethrin, which reduces the risk of being bitten through your clothes. 

Sleeping in an air-conditioned room reduces the likelihood of mosquito bites, due to the room temperature being 

lowered. Doors, windows and other possible mosquito entry routes to sleeping accommodation should be 

screened with fine mesh netting. You should spray the room before dusk with an insecticide (usually a pyrethroid) 

to kill any mosquitoes that may have come into the room during the day. If electricity is available, you should use 
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an electrically heated device to vaporise a tablet containing a synthetic pyrethroid in the room during the night. 

The burning of a mosquito coil is not as effective. 

Herbal remedies have not been tested for their ability to prevent or treat malaria and are therefore not 

recommended. Likewise, there is no scientific proof that homoeopathic remedies are effective in either preventing 

or treating malaria and they are also not recommended. 

Antimalarial medication (chemoprophylaxis) 
Antimalarial medication helps to prevent malaria. The best medication to take depends on the country you visit. 

This is because the type of parasite varies between different parts of the world. Also, in some areas the parasite 

has become resistant to certain medicines. 

There is a possibility of antimalarials that you may buy in the tropics or over the internet, being fake. It is therefore 

recommended that you obtain your antimalarial treatment from your doctor's surgery, a pharmacist or a travel 

clinic. Medications to protect against malaria are not funded by the NHS. You will need to buy them, regardless of 

where you obtain them. 

The type of medication advised will depend upon the area to which you are travelling. It will also depend on: 

 Any health problems you have. 

 Any medication you are currently taking. 

 The length of your stay. 

 Any problems you may have had with antimalarial medication in the past. 

Names of medications often used are chloroquine, doxycycline, proguanil, atovaquone andmefloquine. 

You should seek advice for each new trip abroad. Do not assume that the medication that you took for your last 

trip will be advised for your next trip, even to the same country. There is a changing pattern of resistance to some 

medicines by the parasites. Doctors, nurses, pharmacists and travel clinics are updated regularly on the best 

medication to take for each country. 

You must take the medication exactly as advised. This usually involves starting the medication up to a week or 

more before you go on your trip. This allows the level of medicine in your body to become effective. It also gives 

time to check for any side-effects before travelling. It is also essential that you continue taking the medication for 

the correct time advised after returning to the UK (often for four weeks). The most common reason for malaria to 

http://patient.info/medicine/chloroquine
http://patient.info/medicine/proguanil-for-malaria-prevention
http://patient.info/medicine/mefloquine-for-malaria-prevention-lariam
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develop in travellers is because the antimalarial medication is not taken correctly. For example, some doses may 

be missed or forgotten, or the tablets may be stopped too soon after returning from the journey. 

What are the side-effects with antimalarial medication? 

Antimalarial medication is usually well tolerated. The most common side-effects are minor and include feeling sick 

(nausea) or diarrhoea. However, some people develop more severe side-effects. Therefore, always read the 

information sheet which comes with a particular medicine for a list of possible side-effects and cautions. To 

reduce possible side-effects, it is usually best to take the medication after meals. 

If you are taking doxycycline then you need to use a high-factor sunscreen. This is because this medication 

makes the skin more sensitive to the effects of the sun. 

Around 1 in 20 people taking mefloquine may develop headaches or have problems with sleep. 

 

Symptoms of malaria (to help with prompt 

diagnosis) 
Symptoms are similar to flu. They include: 

 High temperature (fever). 

 Shivers. 

 Sweating. 

 Backache. 

 Joint pains. 

 Headache 

 Being sick (vomiting). 

 Diarrhoea. 

 Sometimes, being unable to think/speak clearly because of fever or mental confusion (delirium). 

These symptoms may take a week or more to develop after you have been bitten by a mosquito. Occasionally, it 

takes a year for symptoms to develop. 
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This means that you should suspect malaria in anyone with a feverish illness who has travelled to a malaria-risk 

area within the past year, especially in the previous three months. 

Special situations 

 Pregnant women are at particular risk of severe malaria and should, ideally, not go to malaria-risk areas. Full 

discussion with a doctor is advisable if you are pregnant and intend to travel. Many antimalarial medications 

are safe in pregnancy but a few should be avoided. 

 Chloroquine and proguanil are safe all through pregnancy. 

 Mefloquine, should be avoided in the first twelve weeks. 

 Doxycycline and Malarone® (atovaquone combined with proguanil) should be avoided altogether. 

 Non-pregnant women taking mefloquine should avoid becoming pregnant. You should continue with 

contraception for three months after the last dose. 

 If you have epilepsy, kidney failure, some forms of mental illness and some other uncommon illnesses, you 

may have a restricted choice of antimalarial medication. This may be due to your condition, or to possible 

interactions with other medication that you may be taking. 

 If you do not have a spleen (if you have had it removed) or your spleen does not work well, then you have a 

particularly high risk of developing severe malaria. Ideally, you should not travel to a malaria-risk country. 

However, if travel is essential, every effort should be made to avoid infection and you should be very strict 

about taking your antimalarial medication. 

 Travellers going to remote places far from medical facilities sometimes take emergency medication with 

them. This can be used to treat suspected malaria until proper medical care is available. 

 

From disrupting education to taking lives, it’s important to know the effects of this  

devastating disease that killed 528,000 Africans last year."  

–ACP www.fb.com/AfricanChildProjects 

 

an Entity of the 

WHC ...commission for humanity. 

Even if you don’t have malaria, it can severely  

impact your life. 

A child dies every minute from malaria 453,000 children die every year from this preventable, treatable disease. 

Malaria deaths  

are very hard on families and can destroy the potential of future generations. 

It ruins education...  

Even if a child survives malaria, it may force them to miss important days of school. 

http://patient.info/medicine/proguanil-with-atovaquone-for-malaria-prevention-malarone
http://www.fb.com/AfricanChildProjects


 

Copyright © NGO ILFA Association. All Right Reserved. 

 

In Africa, malaria is responsible for around half of missed days of school that can be prevented. Severe cases can 

also result in life long learning difficulties. 

It destroys the economy... 

Malaria takes people away from work, taking valuable income away from many families. 

The economic impact of malaria is estimated to cost Africa 1.2 Trillion CFA franc every year. It is completely 

preventable and treatable. 

All this damage is unnecessary and can be avoided. By learning about prevention and  

treatment, you can help prepare us for the fight ahead. 

Learn about...  

Malaria prevention and;  

Malaria treatment. 
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Do not wear black clothing.  

Wear long-sleeved.  

Not to create a dark location, such as a box.  

Not made a puddle.  

Avoid taking quinine.  (Become resistant) 

Do not go out until dawn from dusk 

Wear socks 

     

 

 

Please don’t throw away. Please give us 
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If you don’t have yeast, Coke, Sider, Beer….and other if things carbonate out Anything OK 

 

Mosquito like Co2 
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【Pakistan】 

Mosquito net 1400YEN / 1 net   : 5000 = 7million Yen 

Mosquito coil 1000YEN / 30 coils  : 300000 = 1million Yen 

Mefloquine 900YEN / 275 tablets  : 27500 = 90000 Yen 

【India】 

Mosquito net 1400YEN / 1 net   : 10000 = 14million Yen 

Mosquito coil 1000YEN / 30 coils  : 3000000 = 10million Yen 

Mefloquine 900YEN / 275 tablets  : 275000 = 900000 Yen 

【Africa】 

 

Central Africa 

Education books 100000 books : cost 1.5 million $ 

Mosquito net 1400YEN / 1 net   : 1000000 = 1400million Yen 

Mosquito coil 1000YEN / 30 coils  : 300000000 = 1000million Yen 

Mefloquine 900YEN / 275 tablets  : 27500000 = 90000000 Yen 
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Estimating the potential public health impact of seasonal malaria 

chemoprevention in African children 

Source : Nature Communications 

3,Article number:881doi:10.1038/ncomms1879    Published 06 June 2012 

 

Abstract 

Seasonal malaria chemoprevention, previously known as intermittent preventive treatment in children, is 

highly effective in areas with a short malaria transmission season. Here we assess seasonality in malaria 

incidence data and define a predictor of seasonality based on rainfall. We then use spatial rainfall, malaria 

endemicity and population data to identify areas likely to have highly seasonal malaria incidence, and 

estimate the population at risk and malaria burden in areas where seasonal malaria chemoprevention would 

be appropriate. We estimate that in areas suitable for seasonal malaria chemoprevention, there are 39 

million children under 5 years of age, who experience 33.7 million malaria episodes and 152,000 childhood 

deaths from malaria each year. The majority of this burden occurs in the Sahelian or sub-Sahelian regions of 

Africa. Our data suggest that seasonal malaria chemoprevention has the potential to avert several million 

malaria cases and tens of thousands of childhood deaths each year if successfully delivered to the 

populations at risk. 

 

Introduction 

Child mortality remains unacceptably high in many countries in sub-Saharan Africa, with malaria being a 

major contributor to this burden. Current estimates of malaria morbidity in Africa range from 174 million to 

271 million clinical cases each year1, 2, resulting in 600,000 to 1.1 million deaths1, 3. Although there are 

uncertainties and limitations attached to each of these estimates, the burden of malaria is clearly 

unacceptably high and new malaria control measures are urgently needed, particularly for African children 

under 5 years of age. 

A series of studies conducted in Sahelian and sub-Sahelian Africa have shown that seasonal malaria 

chemoprevention (SMC), previously known as intermittent preventive treatment of malaria in children (IPTc), 

is a promising tool for the control of malaria in areas where transmission of malaria is highly seasonal. A 

meta-analysis of SMC studies in which a therapeutic course 

ofsulphadoxine-pyrimethamine plus amodiaquine (SP-AQ) was given once per month to children under the 

age of 5 years during the peak malaria transmission season showed an 83% (95% CI: 72%, 89%) reduction 

in the incidence of clinical attacks of malaria and a similar reduction in the incidence of severe malaria (77%; 

95% CI: 45%, 90%)4. Similar findings were obtained in a recent Cochrane review of IPTc studies5. The 

SP-AQ combination used in most trials was safe. Current evidence is consistent with a reduction in all-cause 

mortality due to SMC but the confidence intervals are wide (A.L.W., unpublished results)4, 5. Similar results 

http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#ref1
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#ref2
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#ref1
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#ref3
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#ref4
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#ref5
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#ref4
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#ref5
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have been obtained with other antimalarial combinations given on a monthly basis. Administration every 2 

months has also been tried but was less effective6. High levels of coverage have been achieved using 

community health workers to administer SMC, and the intervention is highly cost effective7, 8. In the majority 

of studies, three monthly administrations have been employed and, although longer periods of 

administration may be considered, the evidence in relation to feasibility of delivery, safety and efficacy of 

SMC relates primarily to administration over a 3-month period. 

The World Health Organization (WHO) convened a meeting of a Technical Expert Group in May 2011 to 

consider whether sufficient data had been gathered to recommend incorporation of SMC into the malaria 

control programmes of areas with highly seasonal transmission of malaria. Their positive recommendation 

was reviewed by a newly constituted WHO Malaria Policy Advisory Committee in February 2012. If SMC 

with SP-AQ is formally recommended as policy by the Malaria Policy Advisory Committee, implementation 

may begin in certain countries of the Sahel and sub-Sahel sometime in 2012. Malaria control programme 

managers will need to consider whether regions of their country are suitable for the implementation of SMC 

on the basis of the incidence of malaria and its seasonality in those regions. To assist policy makers and 

programme managers in making such decisions, we have identified the geographical areas where SMC is 

likely to be an appropriate and cost-effective intervention using data on the overall incidence and seasonality 

of malaria in different parts of sub-Saharan Africa. 

In this study, we show that there are two large areas of Africa likely to have both sufficient seasonality and 

sufficient malaria incidence for SMC to be both effective and cost-effective. In particular, the Sahelian and 

sub-Sahelian regions of Africa have a large population of children under 5 years of age at risk in areas 

where SMC with current antimalarials is likely to be highly efficacious, and where millions of malaria cases 

and tens of thousands of childhood deaths could potentially be prevented each year. 

Results 

Defining areas suitable for the implementation of SMC 

Fifty-six sites where monthly malaria incidence had been measured for 12 consecutive months were 

identified in 22 sub-Saharan African countries (Supplementary Tables S1,2). Areas meeting seasonality 

definition B (60% of annual incidence within 4 consecutive months) were observed more frequently in the 

Sahel and sub-Sahel than in other parts of Africa. Definition B gave consistent results in sites where more 

than one type of malaria outcome had been recorded (for example, severe malaria and clinical malaria) or 

where information was available for several years. Definition C (50% of annual incidence in 4 months) was 

not stringent enough to identify SMC areas, as a large number of sites had this level of seasonality. 

Definition A (75% of annual incidence in 4 months) excluded several sites known to be highly seasonal, 

including sites in the Gambia and Senegal, suggesting that this definition is too strict. Definition B was, 

therefore, used for subsequent analyses. 

http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#ref6
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#ref7
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#ref8
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#supplementary-information
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After inspection of site-specific rainfall patterns, the severe malaria data reported for one site were 

considered unreliable (seasonality in malaria incidence was much stronger than the seasonality in rainfall), 

and this site was excluded as an outlier; 55 sites were, therefore, available for analysis (Supplementary 

Tables S1,2). The best predictor of sufficient seasonality for SMC according to definition B was >60% of the 

total annual rainfall within three consecutive months; this cutoff identified areas with incidence patterns 

suitable for SMC with a sensitivity of 95.0% and a specificity of 73.5% (Fig. 1). 

 

 

 

 

(a) Receiver operating characteristic curve for binary indicator variables describing the percentage of the 

annual total rainfall occurring in 3 consecutive months. Dummy variables were created for 5% intervals 

http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#supplementary-information
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#supplementary-information
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#f1
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between 0% and 100%. Observed values of cumulative rainfall in 3 months ranged from 33.8%–84.5%. The 

best indicator of SMC areas was rainfall greater than 60% in 3 months (sensitivity 95.0%, specificity of 

73.5%). The black line indicates the reference line of no discrimination. (b) Maximum percentage of annual 

rainfall within 3 consecutive months compared with maximum percentage of malaria incidence within four 

consecutive months. The horizontal red line shows the cumulative incidence threshold within 4 months 

specified by definition B. The vertical red line shows discrimination of the data points by the best indicator 

based on rainfall (60% within 3 months). 

 

Maps produced by rainfall seasonality alone, and by rainfall seasonality in areas endemic forPlasmodium 

falciparum, identified two broad areas as being potentially suitable for deployment of SMC (Fig. 2a,b). The 

first includes much of the Sahelian and sub-Sahelian regions of Africa, which matches well with the sites 

identified from the seasonality assessment of epidemiological data. The second area is in southern Africa, 

stretching from Namibia in the west to Mozambique and Southern Tanzania in the east. 

 

(a). The maximum proportion of annual rainfall occurring within three consecutive months. Orange-red areas 

are those identified as suitable for SMC based on >60% of annual rainfall in 3 months. Green–blue areas 

http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#f2
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indicate areas with less than 60% of annual rainfall within 3 months. First administrative level areas are 

superimposed on the map. (b) The maximum proportion of annual rainfall restricted to areas with stable 

endemic P. falciparum, as estimated by MAP21. (c) and (d) indicate rainfall seasonality in areas with 

prevalence above 8.8 and 17.3%, as estimated by MAP, corresponding to incidence above 0.1 and 0.2 

cases per child per year, respectively. 

 

Estimating the population and burden in SMC areas 

The geographical area mapped by rainfall seasonality, as defined above, in malaria endemic areas led to an 

estimate of 39 million children under 5 years of age at risk of malaria in areas suitable for implementation of 

SMC, 24.9 million in the Sahel or sub-Sahel and 14.1 million in southern and eastern Africa. On the basis of 

this population at risk, the method used in the World Malaria Report 2008 (WMR)9 gave a total burden 

estimate of 33.7 million cases per year in children under 5 years of age in sites suitable for SMC, 24.1 million 

cases in the Sahel and sub-Sahel, and 9.6 million per year in the rest of Africa (Table 1). The burden 

estimate using a prevalence-incidence relationship derived by the Malaria Atlas Project (MAP)10 was 12 

million malaria cases (see Methods), 8.5 million of these in the Sahel and sub-Sahel. Mortality estimates 

using a fixed case fatality rate were 151,552 (108,506 in the Sahel and sub-Sahel) for the WMR burden 

estimate and 53,953 (38,474 in the Sahel and sub-Sahel) for the MAP burden estimate. Use of a 

population-based mortality rate, as described by Rowe et al.11 gave an estimate of 314,283 deaths from 

malaria (221,811 in the Sahel and sub-Sahel). Applying a higher case fatality rate of 10 per 1,000 gave 

similar estimates to those produced using the method of Rowe et al.11 (data not shown). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#ref21
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#ref9
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#t1
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#ref10
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#methods
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#ref11
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#ref11
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Table 1: Estimated populations at risk, malaria incidence and malaria deaths in areas suitable for 

SMC. 
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The burden in SMC areas above minimum incidence thresholds 

Applying lower prevalence thresholds to the map of areas suitable for SMC (Fig. 2c,d) produced smaller 

population estimates (Tables 2 and 3): 28.9 million children under 5 years of age at risk in areas with 

incidence greater than 0.1 episodes per child during the transmission peak (21 million in the Sahel and 

sub-Sahel) and 24.9 million children at risk in areas with 0.2 episodes per child during the transmission peak 

(18.9 million in the Sahel and sub-Sahel). Corresponding morbidity and mortality estimates were slightly 

lower but remained substantial, particularly in the Sahel and sub-Sahel. The most stringent incidence 

threshold of 0.2 episodes per child during the transmission peak resulted in an estimate of 25.7 million 

malaria cases and 115,704 deaths (18.9 million cases and 85,225 deaths in the Sahel and sub-Sahel). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#f2
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#t2
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#t3
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Table 2: Impact of incidence thresholds on populations at risk and malaria burden estimates.
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Table 3: Impact of incidence thresholds on populations at risk and malaria burden estimates. 
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Estimating the potential public health impact of SMC 

Using the WMR estimate of 33.7 million malaria cases per year in children under 5 years of age in the areas 

mapped as suitable for SMC, and 151,552 deaths per year (applying the fixed case fatality rate (CFR) to the 

incidence estimate), SMC is predicted to have a considerable impact (Fig. 3). Restricting estimates to areas 

with incidence greater than 0.2 cases per child per year made only relatively minor changes. Even if our 

approach has resulted in a 50% overestimate of the malaria burden in SMC areas, the potential impact of 

SMC could still be substantial, with ~5 million cases and 20,000 deaths averted if the intervention was widely 

deployed (Table 4). 

 

 

 

Malaria cases and malaria deaths potentially averted in all areas suitable for 

SMC (a,c), and in areas with incidence >0.2 cases per child per year (b,d), 

with varying assumptions about efficacy, monthly coverage and the fraction 

of the burden occurring during the SMC period. 75% was considered the 

best estimate of the fraction of the total annual malaria burden occurring 

during the SMC period in SMC areas; 60 and 90% are also shown. Solid 

lines show impact for 3 SMC courses, assumed to have 65% efficacy as 

detailed in the text. Dotted lines show impact for 4 SMC courses, assumed to 

have 80% efficacy. The malaria burden estimate used for these calculations 

was that using the WMR method: 33,677,976 malaria cases in all SMC 

areas with stable endemic P. falciparum, and 25,712,319 derived from the 

population mapped by rainfall in areas with estimate of malaria incidence 

>0.2/child/year. Deaths refer to the constant-case fatality rate of 4.5 per 

1,000, applied to the incidence estimates. 

http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#f3
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1879.html#t4
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Table 4: Sensitivity analysis of cases and deaths potentially averted by SMC. 

Discussion 

We have defined the epidemiological settings where SMC is likely to be a suitable intervention and mapped 

the geographical areas where this epidemiology is likely to be found. Climate-based predictors identified the 

highly seasonal areas suitable for SMC with high sensitivity and good specificity. It is clear from our 

estimates that there is a large population of children under 5 years of age at risk from malaria in areas where 

SMC is likely to be appropriate. The burden of malaria in these areas, particularly in countries in the Sahel 

and sub-Sahel, is substantial and suggests that SMC deployed at scale could have a major public health 

impact. 

Most evidence on the efficacy of SMC relates to delivery over 3 months. We chose to focus on incidence 

during a period of 4 consecutive months as this is the longest period for which 3 monthly courses of SMC 

might be expected to provide a reasonably high level of protection. Our assumption of impact during a 

4-month peak was conservative as this was based on estimates of protective efficacy obtained from a study 

of children sleeping under insecticide treated nets over a three-and-a-half month follow-up period, assuming 

no protection in the subsequent two weeks. 
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Although a considerable number of studies were identified in the literature review, only a small proportion of 

these reported morbidity data in the required format to assess seasonality in malaria burden reliably. 

Nevertheless, enough data points were found to explore the utility of different cutoffs to define malaria 

incidence as sufficiently seasonal for SMC to be valuable. As previously reported12, in sites with 2 rainy 

seasons, the largest number of cases per month did not necessarily occur in 4 consecutive months 

(Supplementary Tables S1,2). Therefore, some situations where SMC may be appropriate, if directed at two 

seasonal peaks in transmission, may not have been identified by the approach used here. However, to date, 

SMC has not been used in such settings; whether this would be appropriate requires further investigation. 

Our approach focusses on epidemiological situations with a single peak in transmission, situations in which 

the efficacy of SMC has already been well characterized. 

Rainfall patterns delineated two distinct geographical areas where SMC could be considered. The estimates 

of populations of SMC areas defined in our analyses are consistent with the populations living in seasonal 

transmission areas determined by the Mapping Malaria Risk in Africa project13, but are more conservative 

(Supplementary Tables S3,4). The map incorporating malaria endemicity is more biologically plausible than 

one based on rainfall alone as it excludes areas where rainfall may be seasonal but very low, or where other 

conditions prohibit malaria transmission. Malaria control programmes operating in countries bordering the 

area identified as being suitable for SMC should undertake assessment of the seasonality of malaria in 

these areas, using local incidence data to guide decisions about whether deployment of SMC would be 

appropriate. For example, rainfall in most of northern Ghana did not meet the seasonality criterion and our 

estimate of the population at risk in Ghana is consequently relatively small. However, the epidemiology of 

malaria in Navrongo, Ghana suggests that the northern regions may be suitable for SMC (Supplementary 

Tables S1,2)14. Therefore, it is likely that a larger area could potentially benefit from SMC and a larger 

population could be protected than we have defined in this study. 

The continental maps showing areas suitable for SMC implementation covered primarily Sahelian and 

sub-Sahelian areas as expected a priori. Areas meeting the seasonality criterion were also found in southern 

and eastern Africa, where there is much less epidemiological information on the seasonality of malaria. In 

some of these areas, the incidence of malaria is low and unstable and therefore SMC is not likely to be a 

suitable intervention. Incidence thresholds, based on cost per case and per disability-adjusted life year 

averted, indicated that SMC might still be worthwhile in some areas, particularly in southern Tanzania, 

Malawi and northern Mozambique, but this needs further investigation. For SMC to be deployed in southern 

and eastern Africa, an alternative to the SP-AQ combination would be needed owing to high levels of SP 

resistance15. 

The difficulties in estimating the malaria burden in Africa accurately are well recognized3, 9, 11, 16,17, 18. Our 

emphasis was to derive a plausible and conservative estimate of the malaria burden using transparent 

methods, rather than aiming to produce an alternative estimate to those provided by others. However, 

burden estimates based on different approaches showed broadly consistent figures. The estimates using 
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the MAP prevalence–incidence function were lowest, but it is clear from comparison with data from SMC 

sites that these are likely to be an underestimate as the function relates prevalence in children to all-age 

incidence rather than incidence in children under 5 years of age. Furthermore, the estimates produced using 

the WMR method were similar to those derived using a prevalence–incidence function fitted specifically to 

incidence data on children under 5 years of age (Griffin J., personal communication). Our estimate of the 

impact of SMC on mortality is simplistic, assuming that a reduction in malaria cases would be accompanied 

by a proportional reduction in malaria deaths. However, our estimates of impact do not include the 

reductions in indirect mortality that may result from better control of malaria. 

Some of the areas with the highest malaria burden in all of Africa lie within the parts of the Sahel 

and sub-Sahel, which we have identified as being suitable for SMC2. Deployment of SMC in these 

areas would be expected to be highly cost effective on the basis of the high malaria incidence per 

child each year. The coverage and efficacy that would be achieved, if SMC was to be implemented 

as a large-scale public health measure, is not yet known, but high coverage has been achieved by 

community-based health workers7, and efficacy should remain high where SP and AQ resistance 

levels remain low or moderate. Furthermore, our analysis suggests that even with moderate levels 

of coverage, the deployment of SMC could have a significant public health impact. 

The epidemiological and geographical situations in which SMC is likely to be useful can be defined 

on the basis of epidemiological data and surrogate measures of seasonality in malaria transmission. 

A simple algorithm could be developed to help policy makers to decide whether the malaria 

incidence in their country, or certain regions within their country, was sufficiently seasonal for the 

deployment of SMC. The algorithm could also indicate the potential impact of implementation of 

SMC with different levels of efficacy and coverage. Although the burden of malaria in the areas 

where SMC could be deployed is uncertain, it is likely to be considerable. Our analyses suggest 

that even where other effective malaria control tools, such as insecticide-treated nets (ITNs), indoor 

residual spraying of insecticides (IRS) and partially effective malaria vaccines are deployed, SMC 

could potentially avert a very large number of malaria episodes and many thousands of 

unnecessary deaths in several countries where malaria is currently not adequately controlled. 
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Methods 

Defining SMC seasonality 

We performed a literature review to identify studies reporting incidence of parasitologically confirmed clinical 

malaria and/or severe malaria for 12 consecutive months. Sources of data used included published monthly 

malaria incidence data obtained from a systematic review conducted in 2005 (refs 12,19), surveillance data 

and an additional systematic review undertaken in 2010, including contact with authors. Search criteria and 

further details are included in Supplementary Methods, Supplementary Table S5 and Supplementary Fig. 

S1. Locations of the sites are shown in Supplementary Figs S2,3. 

A previous analysis indicated that ≥75% of malaria incidence occurring within 6 consecutive months 

provided a useful definition of 'marked seasonality'12. Most of the evidence for the efficacy and safety of SMC 

relates to monthly delivery over a 3-month period, which provided protection during a transmission peak of 

3-to-4 months. We therefore explored different definitions of the degree of seasonality based on the 

maximum percentage of the total annual malaria burden occurring within any consecutive four-month period. 

Three definitions were considered: at least 75% (definition A), 60% (definition B) and 50% (definition C) of 

the total annual incidence of malaria within four consecutive months. 

Identifying spatial predictors of SMC areas 

To characterize seasonality in malaria incidence outside the areas, for which epidemiological data were 

available, we explored whether rainfall patterns, estimated from a combination of satellite imagery and rain 

gauge data20, could be used as a predictor of the degree of seasonality in incidence. Daily accumulated 

rainfall data were available for a grid of 0.1 degree×0.1 degree resolution, with data missing for only 2 days 

since November 2000. We used data from 2002 to 2009 and aggregated the daily time series to time series 

using 64 points per year. Fourier analyses were undertaken to capture the average seasonality over this 

time period. 

Each site identified by our review was geo-referenced and site-specific rainfall data obtained. For each 

location of interest, we selected the pixel closest to the given longitude/latitude. The percentage (in 5% 

intervals) of the annual total rainfall occurring in a range of different consecutive periods (ranging from 2 to 6 

months) was then calculated to create a set of potential indicators of seasonality. The sensitivity and 

specificity of each indicator variable as a predictor of the degree of seasonality in malaria incidence was 

calculated to create receiver operating characteristic (ROC) curves using Stata 11 software (College Station, 

Texas, USA). 

The best predictor of seasonality in malaria incidence was then used to map areas suitable for SMC across 

Africa using the 0.1 degree×0.1 degree grid of rainfall data. For each pixel, the seasonality in rainfall was 

calculated by assessing the maximum percentage of the total annual rainfall occurring in a period of 

consecutive months. Pixels meeting the criterion specified by the best indicator variable were considered as 
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potentially suitable for SMC. To further improve the biological plausibility of the spatial mapping of SMC 

areas, we merged the map produced by seasonality in rainfall with spatial malaria endemicity estimates 

produced by MAP for 2010 (ref.21), restricting the area mapped by seasonality in rainfall to include only 

areas with stable P.falciparum transmission (annual incidence of P. falciparum infections >0.1 per 1,000 

population per annum). 

 

Estimating the population and burden in SMC areas 

The total population at risk in the areas identified by the approach described above was derived from 

LandScan 2007 population estimates22. Population estimates were aggregated within first administrative 

level and then by country, and scaled to 2010 by applying national growth rates from UN projections23. We 

estimated the number of children under 5 years of age using UN demographic information for each 

country23 and the percentage living in urban/rural areas based on a population density threshold24. For full 

details, see Supplementary Methods. Malaria incidence in children under 5 years of age in SMC areas was 

estimated using two published methods (Table 5). The first follows the approach used in the 2008 WMR for 

countries where estimates of malaria incidence could not be made from routinely reported data9, 25. Fixed 

age-specific incidence rates were used according to the level of malaria risk as defined by the Mapping 

Malaria Risk in Africa map, and in high-transmission areas, incidence estimates were halved for populations 

living in urban areas13. To retain transparency, incidence estimates were not reduced further to account for 

coverage of other malaria control tools; the possible impact of interventions such as ITNs and IRS are 

considered in a sensitivity analysis. The second method used a published function relating annual all-age 

incidence to prevalence of parasitaemia in children 2–10 years of age10. We applied the central estimate of 

this function to the MAP prevalence data to estimate incidence (Fig. 4). The effect of urban residence is 

incorporated in the prevalence estimates2 and is, therefore, implicitly accounted for. By comparison with 

observed incidence/prevalence observations made in SMC studies, this relationship is likely to result in a 

conservative estimate of the incidence of malaria in children under 5 years of age during the transmission 

peak for a given prevalence (Fig. 4). 
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Data points show observed incidence against end of season prevalence from control or placebo groups in IPTc studies 

from Niakhar, Senegal30; Hohoe, Ghana31; Kambila, Mali32; Bobo-Dioulasso, Burkina Faso (Zongo I., personal 

communication); Kati, Mali27 and Boussé, Burkina Faso26. Data points show malaria incidence defined as fever plus 

parasitaemia of any density or with a local defined parasite density cutoff, and are shown against the left vertical axis. 

All studies included children under 5 years of age, with the exception of the Kambila IPTc study, which included children 

under 10 years of age. For the Kambila IPTc study (Mali) the prevalence estimate at the start of the transmission 

season (92/262, 35.1%) was used rather than that measured at the end of the transmission season, as this was based 

on relatively small numbers (8/54, 15%). The curve shows the fitted relationship between all age incidence per annum 

and prevalence in children 2–10 years of age, 13 and is shown against the right vertical axis. Dashed lines show the 

upper and lower limit of the incidence-prevalence relationship defined by the IPTc data points. 

 

Table 5: Summary of methods used to estimate incidence of clinical episodes of malaria and malaria 

mortality. 

 

The mortality burden in SMC areas was also estimated by two approaches (Table 5). Method one assumes 

a fixed CFR of 4.5 deaths per 1,000 malaria cases (0.45%), the central estimate for areas where malaria 

morbidity is routinely reported9. This fixed CFR was applied to incidence estimates derived using both the 

WMR method and the MAP incidence–prevalence function. We also explored a higher case fatality rate of 

10 per 1,000 (that is, 1% fatality rate). Method 2 uses the approach of Rowe et al., applying a fixed mortality 

rate to populations at risk rather than to malaria cases11. For simplicity, we did not amend our estimates to 

take account of the relative contribution of malaria to all-cause under 5 mortality, as performed in the WMR, 

but this would only be expected to reduce the estimates by ~10% (ref. 9). 

The burden in SMC areas above minimum incidence thresholds 
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Analysis of the costs of SMC delivery undertaken by the IPTc Working Group suggests that, on the basis of 

both costs per case averted and cost per disability-adjusted life year averted, SMC is likely to be 

cost-effective where malaria incidence exceeds 0.2. episodes per child during the peak transmission season, 

but may not be cost effective where incidence is less than 0.1 episodes per child during the transmission 

peak (Pitt C, Milligan P, unpublished results). The MAP incidence–prevalence relationship suggests that 

incidence would be at least 0.1 episodes per child per season at a prevalence of parasitaemia >8.8%, and at 

least 0.2 episodes per child at a prevalence >17.3%. Using these cutoffs is likely to be highly conservative 

because incidence in children at a given prevalence is likely to be substantially higher than all age incidence, 

the prediction given by the MAP function (Fig. 4). These minimum prevalence thresholds were used to map 

a restricted SMC area, giving a conservative estimate of the population at risk and of morbidity and mortality 

in areas where SMC would be appropriate on the basis of sufficiently high incidence. 

Estimating the potential public health impact of SMC 

We considered the number of cases and deaths that could potentially be averted with different levels of SMC 

efficacy and coverage. In sites considered suitable for SMC, the median fraction of incidence occurring in 

the 4 consecutive months of peak transmission was 77% and the mean 75.7% (Supplementary Table S1,2). 

We therefore assumed that, on average, 75% of the annual burden occurred in the SMC period, but also 

explored the impact of SMC, if 60% and 90% of annual incidence occurred in the period when SMC was 

given. In recent studies of SMC in Burkina Faso and Mali, protective efficacy of 3, monthly courses over a 

period of three-and-a-half months from the date of the first course was 70% and 82% respectively26, 27. On 

the basis of these figures, assuming no protective effect in the two weeks after the end of the follow-up, the 

protective efficacy over four months would be 61% (Burkina) and 72% (Mali), a mean of 67%. We therefore 

assumed that a protective efficacy of 65% would be a reasonable estimate of protection provided by three 

courses over a 4-month peak. Four monthly courses over 4 months might provide protective efficacy of 

~80%. 

We explored the potential range in impact of SMC by allowing for a 25 or 50% underestimate or 

overestimate of the malaria burden without SMC. We accounted for a possible overestimate in this way to 

include the burden estimate that would be expected, had we additionally adjusted for coverage of other 

widely used malaria control tools. ITNs and IRS would be estimated to reduce incidence by ~50% and 60%, 

respectively, at 100% coverage9, 28. However, actual coverage of these interventions is currently far less 

than 100% in most African countries29. 
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