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Introduction

Malaria is one of the most prevalent diseases in developing countries; an estimated 515 million cases of malaria occurred in 2002 alone (Snow et al., 2005). Malaria causes one to three million deaths each year, 90% of which occur in Africa (Sachs and Malaney, 2002; Sachs, 2002). The disease is caused by a protozoan parasite that is transmitted by a mosquito vector (Center for Disease Control [CDC], 2004). Because partial immunity is acquired over time, most of these deaths occur in young children. A malarial infection can lead to weakness, fever, chills, nausea, severe anemia, exacerbated malnutrition, respiratory problems, cerebral impairment, kidney failure, and death (CDC, 2006). A single type of malaria parasite, Plasmodium falciparum, causes most cases of malaria mortality and severe morbidity (Gallup and Sachs, 2001). Using a Geographic Information System-based strategy, it was estimated that 672 million people were at risk of developing malaria in Africa in 2006. Of those at risk, 485 million lived in rural areas (Teklehaimanot et al., 2007).
Malaria is highly correlated with poverty, and different methods have been used to determine the economic burden of malaria. A macroeconomic analysis using a malaria index was determined to be the most appropriate because it captures both the household costs and the community-wide behavioral costs associated with malaria (Malaney et al., 2004).

There are many different malaria prevention methods currently being used, which include insecticide-treated bednets, indoor residual spraying, various malaria drugs, and water drainage. I focused on insecticide-treated bednets, currently one of the most popular prevention methods. I looked at the efficacy of this treatment, its absolute cost, and its cost relative to other treatments.

While there are adequate prevention and treatment methods currently available for malaria, such as bednets, a malaria vaccine has yet to be developed. Unfortunately, the monetary value of the market for a malaria vaccine is small, and there are market failures that make research and production of the vaccine unattractive to private companies. The Advance Market Commitment plan devised by Michael Kremer offers solutions to these problems (Barder et al., 2006).  

Malaria prevalence is highly correlated with poverty and generally slows economic growth. While eradication in Africa is unlikely with current malaria prevention and treatment technologies, significant malaria control is possible through extremely cost-effective methods such as insecticide-treated bednets. However, a vaccine would very likely be the most cost-effective measure of controlling malaria if certain structural hurdles could be resolved.
Malaria Background and Connection to Poverty

Malaria is considered a geographically-specific disease. It is mostly found in tropical climates because the malaria parasite must incubate in the mosquito vector at high temperatures in order to properly develop. At temperatures below 16(C (60(F), the parasite ceases to develop entirely (Sachs and Malaney, 2002).
Past efforts to eradicate malaria have succeeded in temperate climates but have largely failed in Africa. This is partly due to the tropical climate found on much of the continent. Also, the primary mosquito vector in Sub-Saharan Africa, Anopheles gambiae, almost exclusively bites humans as opposed to other animals and only resides in this region. Studies have found that an unprotected person living in the Kou Valley in Burkina Faso receives 35,000 mosquito bites per year, which is 2,000 times the critical value necessary to maintain malaria endemnicity. While past malaria control efforts diminished biting rates by approximately 90% in some areas of Africa, this was not enough to have significant change in the rate of transmission (Gallup & Sachs, 2001). Policy makers have come to realize that while the geography, climate, and ecology of Africa may not allow for complete eradication of malaria, it can be effectively controlled using existing technologies.

There is a strong correlation between malaria prevalence and poverty, represented both by low incomes and slow growth. Between 1965 and 1990, per capita income grew 0.4% per year in countries with severe malaria, while average per capita income growth was 2.3% for other countries. Also, more than a third of the countries with malaria experienced negative growth during this time period. In 1995, the average purchasing-power parity GDP per capita was $1,526 in countries with severe malaria, while non-malarial countries had an average value of $8,268 (Gallup and Sachs, 2001). 

Many experts agree that there is a two-way causality between malaria and poverty. Poor countries are less able to use personal expenditures and government funding to finance programs that would reduce malaria. Also, richer countries tend to have more urban areas, and urbanization is negatively correlated with malaria prevalence (Sachs and Malaney, 2002).
However, while poverty does exacerbate the negative effects of malaria, Jeffrey Sachs, Pia Malaney, and John Gallup argue that the main causal effect is that of malaria on poverty (Sachs and Malaney, 2002; Gallup and Sachs, 2001). First, the intensity of malaria in a specific region is mainly determined by climate of that region and the main species of mosquito vector. These factors had a greater influence on eradication success than financial or organizational factors, which is supported by the fact that the regions that started with the most severe malaria had the least reduction in malaria prevalence (Gallup and Sachs, 2001). 

Some successful malaria reduction efforts have been centered on simple, low-cost technologies such as water-monitoring and drainage. This suggests that high incomes and expensive programs are not necessary to control malaria in certain areas. The inverse is also true; some rich countries have severe malaria problems, which illustrates that poverty is not necessary for malaria to be present (Gallup and Sachs, 2001). These countries generally have natural resource wealth and thus have avoided the extreme poverty experienced by most malarial countries. Also, in a malaria pandemic country, there is little difference in malaria incidence between the rich and the poor (Sachs & Malaney, 2002). 

The prevalence of sickle-cell trait in Africa has also been used to support the hypothesis that malaria contributes to poverty. A human who receives the sickle-cell trait from only one parent will have increased immunity to malaria, while someone who receives the trait from both parents will have sickle-cell anemia. A person who has sickle-cell anemia will usually experience great pain, and many of the complications associated with the disease are life-threatening. The sickle-cell trait occurs most frequently in tropical areas where malaria is most likely to occur. In some parts of Africa, 25-30% of the population carries the sickle-cell allele. If a potentially deadly genetic trait is evolutionarily selected for, this suggests that malaria must place an extremely large disease burden on these populations (Gallup and Sachs, 2001).
The histories of countries that have successfully eradicated malaria suggest that malaria control is necessary (although not always sufficient) for growth to occur. For example, Italy, Greece, Spain, Taiwan, Portugal, and Jamaica all experienced increased growth in GDP per capita shortly after malaria eradication. After eradication, these countries’ growth rates were higher than both their original growth rates and the average growth rate in their region (Gallup and Sachs, 2001).

The poverty brought about by malaria may lead to further complications that would also have negative effects upon economic growth. Poverty causes households to be especially risk averse because the downside risk could be devastating. Thus these households take part in low-risk, low-return activities that lower overall economic growth. This principle is illustrated in crop selection. Households will typically choose safe crops over cash crops, thus sacrificing potential income for lower risk. Also, households will tend to have a lot of diversification in their crop selection, which also sacrifices yield for security (Dercon, 2002).

Low GDP per capita and low growth also increase the probability of civil war. Collier describes an environment of low incomes and low growth as one of hopeless poverty. In such a situation, the opportunity cost of violence is very low, so the incentives to avoid conflict are weak. Once a civil war has begun, a country enters the conflict trap; the direct effects of the war and decreased foreign investment cause incomes to decrease even further, which then makes civil war even more likely. Also, the occurrence of a civil war significantly increases the probability of another civil war occurring, further strengthening the conflict trap scenario. Therefore, the poverty brought about by malaria can contribute to the occurrence of civil war, which would further increase the poverty of the country (Collier, 2007).

Malaria Costs and Effects on Economic Growth
The disease burden of malaria is most obviously seen through the direct costs it places on households. The direct costs of malaria include private expenditures on prevention methods, diagnosis, treatment, and case management, as well as public expenditures on prevention and treatment (Malaney et al., 2004). Private medical costs, which include money spent on prevention methods, medicines, transportation to medical facilities, and treatment fees, are estimated to be between $5 and $75 per African household per year (Bloom & Sachs, 1998).
Malaria also causes poverty through the many indirect costs it places on households. Malaria incapacitates workers, resulting in lost productivity and income. This effect is exacerbated because malaria is often most intense during key crop collection times (Malaney et al., 2004). 1-5 days of productivity is lost for every adult illness and 1-4 days for every sick child (Bloom and Sachs, 1998).
Another indirect cost of malaria is the reduced return to investment in education. Human capital is lost when children infected by malaria are unable to attend school, and increased absenteeism leads to increased failure, repetition of grades, and dropping out. On average, malaria causes primary school children to miss 11% of school days and children in secondary schools to miss 4.3% of school days per year. Malaria is also believed to reduce human capital potential through long-lasting effects on cognitive ability. Malaria worsens cases of anemia and malnutrition, which can negatively affect a child’s long-term cognitive capacity as well (Sachs and Malaney, 2002).
Furthermore, blood transfusions, a malaria treatment, may inadvertently place additional indirect costs on households. Blood transfusions may be necessary for severe cases of anemia caused by malaria. However, the blood used for transfusions in Africa is likely to contain diseases such as HIV/AIDS. In fact, 25% of the pediatric HIV infections in Sub-Saharan Africa are caused by blood transfusions (Sachs and Malaney, 2002).
Finally, pregnant women are more susceptible to malaria because of their lowered immunity. Pregnant women who contract malaria often give birth to babies with particularly low birthweights, which can lead to impaired neural and cognitive development; this places another indirect cost on households (Sachs and Malaney, 2002).
These costs are often difficult to determine in malaria pandemic regions because it is difficult to distinguish who is affected by malaria when practically the entire population is sick to some extent. However, one study estimated that in 1987, private medical costs, non-private medical costs, and foregone income associated with a case of malaria was $9.84, $8.01 of which due to foregone income (Malaney et al., 2004). The poorest African households are most affected by a case of malaria because they cannot absorb the costs associated with the disease. These costs may also lead to a reduction in savings, and thus a reduction in physical capital accumulation, a key component in economic growth (Sachs and Malaney, 2002).
Economists have tried to use an aggregate microeconomic model to determine these household costs at the economy-wide level. Analyses such as the cost-of-illness method, the willingness-to-pay approach, and the production function approach have all been used. However, in only measuring household costs, microeconomists miss the economy-wide behavioral changes that occur in malaria pandemic countries. This causes the costs estimated by microeconomic analyses to be lower than those of macroeconomic analyses; the disparity between the two approaches has been termed the “malaria gap” (Malaney et al., 2004).
There are many factors that cause the economy-wide costs of malaria to be greater than the aggregate microeconomic costs. First of all, foreign direct investment may be hindered by malaria because foreigners do not have immunity and thus cannot live in areas with high malaria transmission. A dearth of investment would contribute to Africa’s inability to integrate into the world economy. Tourism and trade are also impeded by malaria because foreigners do not want to be exposed to malaria (Malaney et al., 2004). 

Malaria may also limit internal movement because those without acquired immunity cannot safely move to malaria pandemic regions. This does not allow for the free migration of labor, which is necessary to maximize economic efficiency. Also, acquired immunity is lost after a couple of years, which discourages workers who have moved to urban areas from keeping ties with those still in rural areas (Sachs and Malaney, 2002). The limitation on internal movement may negatively affect the transmission of ideas and techniques, as well as development of transportation systems as well (Bloom & Sachs, 1998). 

The presence of malaria may lead to fertility choices that lower incomes and slow growth. Increased child mortality will cause families to have more children to ensure that some children will survive. This causes parents to invest less in each child’s education. An increase in the number of children that a family has also leads to an increased dependency ratio and decreased GNP per capita (Sachs and Malaney, 2002). Women are especially affected by these fertility choices because they must spend more time child-rearing; this devalues the investment in female education (Malaney et al., 2004). Increasing time spent on child-rearing activities also keeps a considerable portion of the population out of the labor force (Sachs and Malaney, 2002).

While it is more appropriate conceptually to use a macroeconomic approach when measuring the economic costs malaria imposes on a country because it captures both household and community-wide effects, there are complications with using this approach as well. The economic burden of malaria may be overestimated if there are uncontrolled variables in the regression the correlate with malaria and also contribute to poverty. However, Gallup and Sachs tried to avoid this problem in their analysis by controlling for many factors that affect poverty.

Gallup and Sachs used regressions to determine the macroeconomic effect of malaria. After controlling for factors that affect growth, such as initial income level, overall health, human capital, policy, and geography, the malaria index for 1965 was added.
 Countries with severe malaria in 1965 had 1.3% lower growth per year in GDP per capita after controlling for other growth factors. Also, malaria still had a significant effect on growth after controlling for many other tropical diseases (2001). However, malaria lowers immunity and therefore increases the chances of other infections occurring, so controlling for other diseases may cause the impact of malaria to be underestimated. Other studies confirm that malaria has a negative effect on annual growth, although the exact numbers differ.

The change in the malaria index was determined by calculating the malaria index for 1994 and comparing it to the 1965 index. This comparison showed that countries that were able to reduce malaria experience higher economic growth, specifically a 0.3% rise in GDP per capita per year for every 10% reduction in the malaria index. Through extrapolation, this relationship suggests that a territory that went from 100% P. falciparum infestation to eradication would increase annual economic growth by 2.6%. (Gallup and Sachs, 2001).

Malaria Control and Insecticidal Bednets
 Clearly, the presence of malaria has a significant negative effect upon a country’s economic growth. Reducing malaria would significantly improve the country’s chances of improving overall quality of life and, in the case of many African countries, integrating into the world economy. As mentioned above, full eradication of malaria is not feasible given the current technologies, but significant malaria control can be obtained through such methods such as long-lasting insecticidal bednets (LLINs), improved malaria testing and diagnosis, indoor residual spraying of insecticides (IRS), filling and draining breeding sites, training community health workers, and developing methods of monitoring, evaluation, and assessment (Teklehaimanot et al., 2007).  Different methods and combinations should be used depending upon the specific location of the treatment. A study by Awash Teklehaimanot, Gordon C. McCord, and Jeffrey Sachs estimated the costs of providing long-lasting insecticidal bednets for every two people at risk, IRS, training of community health workers, microscopy for enhanced diagnosis, rapid diagnostic tests, drugs such as artemisinin-combination therapies, treatment of severe malaria, and monitoring and evaluation from 2006 to 2015. The average annual cost for this time period was $2.997 billion a year, with a cost of $3.00 per person and $4.02 per person at risk (2007). 

The most cost-effective current technology is believed to be LLINs. The World Health Organization (WHO) defines an LLIN as an insecticidal bednet that remains effective after 20 standard WHO washes and 3 years in the field. LLINs work by directly protecting those under the net and through the mass effect. The direct effect of the net works by killing nearby mosquitoes with the insecticide, repelling mosquitoes after contact, and acting as a physical barrier against biting. While the direct effects are very important, the full protection of the bednets cannot be obtained unless there is enough coverage for the mass effect to occur. Without the mass effect, the mosquitoes will simply bite those who are not protected by nets, causing a diversion rather than a reduction in transmission. The mass effect works by reducing the number of mosquitoes in a region, shortening the lifespan of mosquitoes, and causing some mosquitoes to switch from human-biting to animal-biting (Sachs, 2002). The contribution of the mass effect to overall malaria control has caused the WHO to recommend full bednet coverage for persons at risk, which they define as pregnant women and children under age 5 in areas of high transmission, and the whole population in areas of unstable transmission. 

Bednets have proven to be very effective in reducing malaria morbidity and mortality, especially among young children. The implementation of bednets decreases child mortality by an average of 18% and reduces clinical episodes of malaria caused by P. falciparum and P. vivax by 50%. Bednets have also caused average birthweight to increase by 55g, and they have decreased low birth weight by 23% (WHO, 2007).

Bednets are a relatively inexpensive means of effective malaria control. A bednet that lasts five years costs approximately five dollars. If a ratio of 1.7 people per bednet were established (3 nets for a household of 5), each net would cost approximately $0.60 per person per year (Teklehaimanot, Sachs, and Curtis, 2007). 

Insecticide-treated bednets are very cost-effective due to their high efficacy at preventing malaria and their low cost. In areas of high transmission, bednets have been found to be 4-5 times cheaper then IRS, the other main preventative measure against malaria. The estimated cost per child death averted depends on the type of net, but in general is very low. The cost per child death averted is $212 for a net that costs $4.50 and lasts 3 years, $145 for a net that costs $5.50 and lasts 5 years, and $104 for a net that costs $5.50 and lasts 7 years (WHO, 2007).

While LLINs have generally been regarded as a huge success, there are still some people who are troubled by possible negative side effects they may impose on communities. Some scientists are wary of the effect that insecticide may have in such close proximity to children over a long period of time (Ehiri, Anyanwu, and Scarlett, 2004). However, the pyrethroid insecticides used on LLINs have are considered to be a very low health risk when used properly. Also, some scientists were worried that the use of bednets among young children would cause delayed immune acquisition, which would cause increased malaria morbidity and mortality in older children (Guyatt, Snow, and Evans, 1999). However, studies have shown that proper use of bednets does not appear to have any negative effects upon the health of older children in the community (Lindblade et al., 2004).


While most policy-makers, scientists, and economists agree that bednets are an extremely cost-effective method of malaria prevention, there is a large disagreement about how the nets should be distributed. Some think that the nets should be distributed using a social marketing format, while others think that the nets should be given away free of charge. Under a social-marketing distributions plan, brand-name nets would be advertised for and sold at a low, subsidized price. Some policy-makers prefer this method because they believe that the nets will be valued more highly if the recipients have to pay for them (McNeil, 2007). However, this method has been largely unsuccessful because even the subsidized price is often too high for households to afford. Many people, including Jeffrey Sachs and Dr. Arata Kochi, the director of the WHO’s malaria program, advocate free distribution of bednets. Free distribution has generally been more successful than social-marketing, as evidenced by the case in Ethiopia. Ethiopia needs approximately 20 million nets to be adequately covered. Under social-marketing, only around 1.5 million nets were imported over 10 years. However, under a plan that was more centered on free mass distribution, 18.4 million nets were distributed over 3 years (Teklehaimanot et al., 2007).

The Market for a Malaria Vaccine


While bednets are believed to be the most cost-efficient of the current technologies, a malaria vaccine would probably be the best way of controlling malaria in malaria pandemic areas. Vaccines are the preferred method of treatment for many other diseases because they are relatively cheap, easy to use, and not prone to resistance. The widely-used Expanded Programme on Immunization vaccine package is estimated to only cost $16-$22 per life-year gained (LYG). In poor countries, a method is often deemed cost-effective if it is below $100 per LYG, so vaccines tend to be far below this benchmark level (Barder, Kremer, and Williams, 2006).

Despite the enormous effect a malaria vaccine could have on a malaria pandemic area such as Africa, less than $100 million is spent on malaria drug and vaccine research. This is less than 1/7th of one percent of annual worldwide spending on biomedical R&D. Clearly far too little is being spent on a disease that accounts for about 3% of the worldwide disease burden (Sachs, 2002).

There are several reasons why the market for a malaria vaccine is not attractive to pharmaceutical companies. The most obvious reason is that consumers of a malaria vaccine are poor, making the returns to such a vaccine rather small. Also, there are time-inconsistent incentives.  While governments want companies to invest in R&D for a vaccine, once the vaccine is made the government will want to drive down the price of the vaccine so that as many people as possible can have access to the treatment. Driving down the price would make it difficult for companies to be reimbursed for their high R&D expenditures. Finally, the discovery of a malaria vaccine is a global public good because all countries would benefit from its use. This causes the development of the vaccine to be undersupplied because no single small country has an incentive to monetarily encourage the development on its own (Barder et al., 2006).

Michael Kremer has devised a plan called the Advance Market Commitment which he hopes will address these problems and promote the R&D for a malaria vaccine. Under an Advance Market Commitment, sponsors would make a binding-agreement with drug companies. Once the vaccine is produced, the sponsors are contractually bound to buy a predetermined amount of the vaccine at a specific price. The sponsors will then either distribute the vaccine for free or at a substantially subsidized cost. The allotted amount that sponsors will spend on the vaccine will be set equal to the profits that would be gained in other drug markets, which is approximately $3.1 billion. After the sponsors purchase the allotted amount, the company must provide the drug at low cost or license the technology to other suppliers. Also, if another company comes up with a superior product, the sponsors would subsidize the new product. This allows for competition to continue even after a vaccine has been produced (Glennerster, Kremer, and Williams, 2006). 

This market design has several advantages. First of all, subsidization by the sponsors effectively increases the size of the market for the malaria vaccine. Studies have shown that a 1% increase in potential market for a drug category leads to a 4-6% increase in the number of new drugs in that category. Also, the legally binding contract eliminates the time-inconsistency market failure. Finally, the sponsor’s money is only spent if a vaccine is produced, which gives the pharmaceutical companies a strong incentive to be as efficient as possible in producing their product (Glennerster, Kremer, and Williams).

A malaria vaccine would be an extremely cost-effective measure, estimated to cost about $15 per LYG, considerably below the $100 level. The low cost, easy execution, and high efficacy of the malaria vaccine would make it the ideal method of malaria prevention.

Conclusion


Malaria has a significant negative effect on macroeconomic growth, causing countries with malaria to have 1.3% lower annual growth. Eradication may not be possible in Africa given the current prevention and treatment methods, but substantial control can be established with cost-effective tools such as bednets. While insecticide-treated bednets, particularly LLINs, are the most promising current method of malaria prevention, the creation of a malaria vaccine would greatly aid in controlling and possibly eradicating malaria in African countries.


It is very important that countries act quickly in scaling up malaria control and investing in finding a vaccine. Recently, there has been a resurgence of malaria due to increasing resistance of the malaria parasite to current drugs and the collapse of African public health services caused by the debt crisis in the 1980s (Sachs, 2002).  Also, the recently completed genomes of both A. gambiae and P. falciparum may aid in the production of new malaria drugs or a malaria vaccine. Many new programs have also been established to control malaria, but require funding to meet their full potential. Finally, the predicted climate changes caused by global warming would cause malaria to spread to new areas, increasing the number of people at risk. 


However, for the necessary change to occur, countries such as the US must more fully invest in the malaria cause. First of all, countries must show that they are fully committed so that companies that produce malaria technologies, especially bednets, can scale up production to the necessary levels. Also, approximately $3 billion worth of spending is necessary for both the costs of implementing current technologies and the advance market initiative plan. While US aid for malaria and other diseases has increased under the Bush administration, more money is still needed for these programs to reach their full potential.    
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