Infectious Disease Case Study: Malaria

Key ideas:
· What is the global distribution of malaria?
· What is the impact on people’s health?
· How does malaria affect the economic development of a country where it is present?
· How does malaria impact on people’s lifestyles?
· How can malaria be prevented and treated?
· Botswana Case Study

Introduction:
Malaria is a life-threatening disease caused by Plasmodium parasites that are transmitted to people through the bites of infected female anopheles mosquitoes. Each year there are around 200 million cases of malaria, and malaria causes the deaths of approximately 600,000 people annually, mostly young African children. In Africa, a child dies every minute from malaria.

The female mosquito has a lifespan of 3 weeks and bites up to 10 people because it must drink blood to breed. Nearly all bites occur between dusk and dawn. The parasite travels to the person’s liver where it grows and multiplies. The parasite stays in the liver for at least 8 days before entering red blood cells and continuing to grow and multiply. The red blood cells burst, freeing the parasites to attack other red blood cells. It is during this time that symptoms of malaria begin to surface. Malaria can lead to death from extensive organ failure (kidney failure, seizures, coma).

[image: malariatransmission]The female mosquito acts as the “malaria vector” i.e. carrier



There are four types of malaria which all lead to different levels of symptoms. Two of the four types can cause severe illness and even be fatal. 

Symptoms – which appear 10-15 days after bite.
Fever		Headache		Chills		Vomiting

Three stages of symptoms:

Cold Stage: Feel cold and uncomfortable, shivery, temperature rises to 41°C (30-60 minutes duration)

Hot Stage: Feel intensely hot, delirium may occur (2 to 6 hour duration)

Sweaty Stage: Bed clothes drenched, fatigue, exhausted, sleepy (can last days)

Deaths will occur if immune system is already damaged or frail, or dehydration. It is not directly communicable between people e.g. through contact but can be passed on through mosquitoes (see diagram above)


Malaria is both preventable and curable but more than 600,000 people die of malaria each year (mainly in Africa). Children (under 5s), infants, and pregnant women are the majority of these deaths. It is a frustrating disease as many countries have been successful in reducing deaths e.g. in 7 out of 45 African countries they reduced deaths by 50% from 2000-2006 but could not eradicate it completely due to some of the poverty issues which are linked to Malaria.

Malaria is a complex disease as it is partly climate based i.e. the mosquitoes are only present in some areas and not others (latitude factor) due to temperature, rainfall, and humidity. But it is also poverty based e.g. open sewers and open drains create breeding areas for the parasite and mosquito. It is also influenced by the medical infrastructure in the country i.e. treatments, availability of drugs. 

Immunity
Immunity can be natural or acquired. Natural immunity is present in individuals of West African extraction. Mothers can transfer maternal antibodies across the placenta. Over time there have been cases where people have developed immunity after earlier exposure to the disease. Because many adults gain some immunity, most deaths occur in young children.

Treatment / Prevention
Basic treatment includes aspirin and paracetamol. This is mainly for pain relief. Intravenous fluids can be given to combat dehydration and shock. Anti-malarial drugs are available but these can be too expensive for some poorer countries. Furthermore, there is a problem with anti-malarial drugs based on Chloroquine, as the malaria parasite is showing increasing resistance to them. They also have quite harsh side effects, which could put vulnerable patients at risk. The ant-malarial combination drug, Malarone, was launched by the pharmaceutical giant GSK, in 2001, and is effective in areas with Chloroquine resistance. Its side effects include headaches and stomach irritation. Other drugs are being developed but the release of these is sometimes delayed so that the virus does not build up resistance to them too quickly. 

Treatment does not necessarily mean you have eliminated the virus from your bloodstream, and in some cases another drug like Primaquine needs to be given. A new vaccine, known as the RTS,S vaccine or Mosquirix (made by GSK), is currently being used in a pilot project in several sub-Saharan African countries. This is the first vaccine ever produced against a parasitic infection, and is the outcome of £235 million of research since the 1980s by GSK. Mosquirix trials show its best protection to be among children aged five to 17 months who received three doses of the vaccine a month apart, plus a booster dose at 20 months. In this group, cases of severe malaria were cut by a third over four years. GSK has pledged to make a profit of no more than 5% on the vaccine. 

However, in many LEDC’s current anti-malarial drugs are not available to all due to cost so many people will remain infected. If the virus is left in the liver then the chance of relapse is very high, sometimes up to 4 years past the initial infection.     

Other Forms of Prevention (not drug based)
· Avoid activity outside between dusk and dawn – the female anopheles mosquito only bites at night
· Wear long sleeved clothing, long trousers, avoid dark colours which attract mosquitoes
· Apply insect repellent (ones with DEET in it tend to be more successful)
· Use screen doors and windows (keep them closed during dusk and dawn)
· Mosquito coils
· Have a mosquito net sprayed with insecticide over your bed
· Better constructed buildings reduce risk – avoid ones where mosquitoes can be in the material e.g. straw, reeds

When did malaria become a global health issue?
Malaria is not a new infectious disease; there are references to it in West African folk tales and mythology from thousands of years ago. When human settlements and activities encroached into the rainforest humans were then exposed to the parasite via the mosquito. More recently in Brazil the rates of malaria increased dramatically from the 1960’s onwards as the government encouraged settlement of the Amazon Basin Rainforest, and development created stagnant pools of water which are the perfect breeding ground for the parasite.

What is the global distribution of malaria?
· 40% of the world at risk from malaria – 109 countries with endemic malaria affecting 200 million people every year 
· Sub-Saharan Africa, SE Asia, Latin America, parts of the Middle East, Southern parts of Europe have all seen malaria. 
· Consistent temperatures of between 16°C and 32°C necessary for parasite to develop in the mosquito stomach, above 32°C the parasite does not tend to survive.
· Generally restricted between 65 degrees north and 40 degrees south of the equator and below altitude of 3000 metres.
· No Malaria in some Pacific Islands as there are no anopheles mosquitoes.
· Marshy areas are high risk – due to large areas of stagnant water
· Infection areas tend to be between 1-2km radius from stagnant water source
· Distribution mainly between the two tropics but due to climate change the mosquitoes have been able to move further north and south. Global warming will have potentially serious implications for the future distribution e.g. Europe at risk
· Dry areas e.g. deserts do not see many cases of malaria.
· Some cases in MEDCs outside the tropics region but they have mainly picked it up while on holiday and bought it back – in 2005 there were 2000 cases like this in the UK.
· Some cases where mosquitoes have travelled in containers but they tend to be very few.
· Cases where people have been bitten and infected on planes if the plane has travelled through an infected area.

Some further facts about distribution:
· 86% of cases of Malaria in Africa
· 19 African countries accounted for 90% of all the African cases
· There are difficulties estimating the number of people infected – e.g. in Kenya in 2005 the estimate ranged from 5 million to 19 million.
· SE Asia had 9% of World’s cases
· Massive variation within each continent e.g. In Africa, Niger has an infection rate of approx. 45% where as Uganda has less than 10%, in Asia Bhutan has a high 42% while Sri Lanka is 11%.
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The table below shows some of the infection rates from selected countries 2006-2007

	Country
	Infection rate %
	Country
	Infection rate %

	Cambodia
	12
	Papua New Guinea
	23

	Ethiopia
	35
	Vietnam
	28

	Senegal
	18
	Angola
	21

	Zambia
	22
	Mali
	25



Impact on People’s Health
The symptoms have been mentioned above.
· 60% foetal loss in women with Malaria in Sub-Saharan Africa (without treatment)
· 10% maternal deaths attributed to Malaria (2006) in Malawi
· Semi-immune pregnant women have increased risk of impaired foetal growth
· Malaria can stay in body system for years and then reoccur at any time leading to ill health.
· 25% babies of first pregnancies have low birth weight

Socio-economic impact (includes lifestyle impacts):
· 1.3% annual economic growth lost due to Malaria (2008 WHO Report) in most of the high rate infected countries e.g. Ethiopia, Vietnam, Niger.
· Leads to substantial difference in GDP between countries over time
· Traps individuals and families in a downward spiral of poverty (mainly as people are unable to work when symptoms are at the worse)
· Poorer people can not get cures due to lack of medicine available or too costly
· 40% of Public Health Expenditure in some countries may be spent on Malaria treatment or related illnesses
· 30-50% of inpatient admissions in hospitals are malaria related in countries like Senegal and Zambia
· 30% decrease in attendance at school leads to lack of education compounding the cycle of poverty.
· Drain on African economies already burdened with debt & HIV/AIDS
· GDP would be 32-35% higher today if malaria had been eliminated in the 1960’s
· Average loss of worker days is 5 each time they have malaria
· Can lead to a 40% reduction in crop yields due to lack of farm workers
· Preventing malaria is difficult in some countries in SE Asia as it effects the livelihood of many people.

Rice is the main crop grown in parts of Vietnam, Cambodia, and Thailand. The method of cultivation includes flooding the fields (the Paddies) with water. The Rice will grow in these flooded conditions. The water which is then stagnant is a perfect breeding ground for the parasite and also mosquitoes. The incidence of infection among rice workers is amongst the highest in SE Asia. The solution would be to remove the stagnant water but this would mean the crop would not grow. In this case malaria is a risk, which is taken, as livelihood is more important.

Where positive programmes occur the impact is very marked e.g. in the Philippines they were able to reduce absenteeism from 35% to between 2 and 4%.

How can Malaria be controlled (general)?
· Early diagnosis and prompt treatment (access to medical facilities is essential) with sufficient availability of cheap/free anti-malarial drugs 
· Vector control e.g. spray mosquito breeding areas with insecticides (e.g. DDT), remove or drain stagnant water pools, remove some trees and bushes where mosquitoes may shelter or breed
· Mobilising quick response medical teams to deal with epidemics
· Providing free mosquito nets treated with insecticide
· Yearly insecticide spraying of houses, huts, and communal areas

Case Study: an individual country’s attempt to prevent and treat Malaria

Botswana 
Botswana is a good example of where a coordinated response can lead to very good control of malaria. 

Location and distribution in Botswana

[image: Motswana Map]Most of the population of Botswana is located in the SE around Gaborone. The official population of the Maun region is around 120,000 people but tourism can increase this by 10-15%. 
Area where Malaria is present. It includes the inland Okavango Delta, and also the Chobe River environment. In the rainy season the area is at its maximum (as shown). In the dry season it shrinks to the area shown by the dotted line.


The line here represents what the Botswana Government believes is the maximum southerly extent of the Mosquitoes in the rainy season.








Areas to the South of the solid line are not considered risk areas due to the following reasons:

· Area is too arid e.g. Kalahari Desert
· Temperatures are not consistently hot enough
· Amount of rain is not sufficient
· Less marshland areas (breeding grounds)

How do they deal with malaria?
· Every year the Disease control department spray the insides of public buildings with an insecticide containing DEET.
· They spray within the region identified on the map above.
· Every 18-24 months the insides of huts and houses are also sprayed in every settlement with the same insecticide. This does not occur in very isolated cattle posts due to distance.
· There are numerous health clinics spread across the country including in very remote villages. Within these clinics will be stocks of malaria treatment drugs, which are free for residents of that settlement.
· In Malaria prone areas there are regular blood tests carried out on key workers to check for infection.
· Along the main roads connecting the NE of the country (Maun) to the East and SE they have a series of control fences and gates, which were put into to monitor the movement of cattle. They can also stop and inspect freight for insects and if there is a malaria outbreak they can monitor the movement of people and vehicles along these roads.
· Removal of vegetation has occurred along rivers, lakes, and other water areas near settlements to take away breeding grounds. This has not occurred in the main mosquito areas of Chobe River and Okavango Delta as these are wildlife reserves and so this would not fit in with the Tourism industry. 


Success
Botswana is quite a rich country by African standards with a good centrally controlled health system. They have been able to co-ordinate their response to malaria with quite a lot of success. The number of malaria cases is quite low and most of those that occur are from the very remote cattle posts where spraying does not take place. In most settlements the % of cases is very low (number infected/population of settlement) with a lot of them due to people getting malaria in other Southern African countries and bringing it back with them. In 2004 for example the number of under 5 deaths due to Malaria was 0 and between 2004-2006 only 34 under 5 year olds were treated for malaria.








[bookmark: _GoBack]Tasks:

Title: ‘Malaria – a global infectious disease’

1. Using a diagram, describe how malaria is passed from the parasite to humans. 
2. What are the symptoms of malaria?
3. Name the three stages of malaria and one thing that occurs in each stage.
4. Which group(s) form most of the deaths due to malaria and why?
5. Explain why malaria is regarded as a complex disease
6. How can people become immune to malaria?
7. Name two drugs that treat or reduce the risk of malaria and comment on their effectiveness.
8. What non-drug related things can you do to reduce the risk of catching malaria?
9. Describe the global distribution of malaria / malaria deaths (I would expect at least 5 good points to your answer).

Heading: ‘Impact on People’s Health’

10. Write out 10 of the socio-economic impacts of malaria in rank order (1-10) and justify the rank position of 3 of the impacts.
11. Why is preventing malaria in some countries almost impossible?
12. What are some of the general ways that malaria can be controlled?

Heading: ‘Individual Country’s attempt to control Malaria – Botswana’

13. Describe the location of Botswana and the distribution of malaria in the country.
14. Why is there a definite boundary to where malaria is located?
15. Describe the approach taken in Botswana to deal with malaria.
16. How successful has Botswana been in controlling malaria?
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