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Malaria is a disease that is synonymous with poverty. It has been virtually eradicated in wealthy “industrious” countries and left to fester in more impoverished “third world” countries.  It is Africa’s leading cause of mortality in children under the age of five (WHO, 2011). Malaria is a disease cause by parasites that cause fever, flu symptoms, and anemia. The disease is spread by the bite of an infected female Anopheles Mosquito. Malaria is extremely persistent and has survived countless antimalarial drugs, group eradication efforts, and years of vaccine development efforts. Today the global malaria situation is “serious and becoming worse” according to the World Health Organization (WHO, 2010). Malaria incident rates hit a low in the mid 1960’s during dichlorodiphenyltrichloroethane (DDT) spraying campaigns, as part of the Global Malaria Eradication Programme but incident rates have risen since the campaign was abandoned.   A major contributor to the severity of the situation is antimalarial drug resistance. 

Malaria Transmission & Growth
Malaria is caused by the parasite Plasmodium. The most problematic species of Plasmodium in Africa is P. falciparum (WHO, 2011)which can invade all types of red blood cells and causes the most potent form of malaria. The Anopheline mosquito specifically female mosquitoes feed on blood, a necessity in the production of eggs. After a bite from an infected female anopheline mosquito, the malarial sporozoites travel through the bloodstream to the liver. Once in the liver they mature and release their next form merzoites which enter back into the blood stream and infect red blood cells of all kinds (Doolan, Dobano, & Baird, 2009). Then when the merozoite is inside the red blood cells the merozoites multiply causing the red blood cell to burst within 48-72 hours. The organisms that burst from the red blood cell are the newly formed parasitic trophozoite cells which attack other red blood cells (DFID, 2010). The trophozoites then either mature into gametocytes that infect mosquitoes whenever they drink from an infected human, from these gametocytes a non infected mosquito can become infected and spread it to its future hosts (CDC, 2001). The trophozoites can also attack another red blood cell repeating the infectious process. Figure 1 below illustrates this process and goes into greater detail on the mosquito life stages and what the human immune system is doing during this process.
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Figure 1 (Greenwood, et al., 2008)
Malaria can contribute to the enlargement of the liver or spleen. Malarial symptoms usually occur within 10 days to 4 weeks of infection from the mosquito host, but can present as early as 8 days or as late as a year after the initial infection (WHO, 2010).  The symptoms for an infected human occur in 48-72 hour cycles because of the merozoite multiplication time within the red blood cell. With each new cycle of sporozoites released the symptoms occur. The symptom of anemia occurs due to the destruction of red blood cells during the malarial multiplication process (DFID, 2010). 

Testing Methods
There are many different methods for testing for malaria, and then identifying the species, but the gold standard in malaria testing is the peripheral smear examination. For this testing method thick and thin smears of the person’s blood are both needed. The peripheral blood smear provides comprehensive information on the species, the malarial stages, and the density of parasites with a sensitivity of 5 to 10 parasites/µL of blood for an experienced laboratory professional (Doolan, Dobano, & Baird, 2009). The test takes 20 to 60 minutes and is estimated to cost about 12 to 40 US cents per slide in most endemic countries. Alternative microscopic methods have been tried, but inability to easily differentiate between the Plasmodium species, requirements of expensive large equipment, supplies and special training as well as the high cost limit the use of these other microscopic methods (Warhurst & Williams, 1996).
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Other tests include rapid diagnostic tests (RDT) these immunochromatographic tests, test for the detection of malaria antigens. These tests are widely used for prompt on-site diagnosis in remote endemic areas where reliable microscopy like the peripheral smear examination is absent. Aberrant results, or negative test results that occur at extremely high parasite densities has long been a problem with the RDT form of testing. (DFID, 2010) But new studies suggest that false-negative malaria RDT results will rarely occur due to a prozone-like effect in high-density infections, and other causes are more likely to blame for this problem. (DFID, 2010) However, RDT results are poorly indicative of parasite density in high-density infections and RDTs should, therefore, not be considered quantitative. (DFID, 2010) Therefore individuals with suspected severe malaria should rely on peripheral smear testing for accurate parasite counts. 


Antimalarials, Healthcare, and Drug Resistance
Malaria is the greatest challenge facing the world today. It’s also one of the most complicated, parasitologicaly, socially, culturally, politically and economically. According to the World Malaria Report 2011:
· 81% of the total malaria burden is from sub-Saharan Africa
· Nine out of ten malaria deaths occur in Africa 
· 86% deaths occurring in children below the age of 5 years 
· Adds up to 3000 child deaths every day (WHO, 2011) 

These numbers paint a devastating picture of how malaria is ravaging many of Africa’s children. These figures also show that the vast majority of malaria cases occur in Africa which is why this paper chose sub-Saharan Africa as the main focus for where drug resistance occurs. The most devastating fact from the world malaria report was 3000 child deaths every day. This number staggering, and drug resistance plays a main role in why many of these children die when their lives could have been saved. The following in an excerpt from Hasana’s story, she is a mother in Africa whose twin babies became infected with malaria. 
“My twin daughters died when they were only two years old. I didn’t know what was wrong with them, they were both very ill and I was weak with a fever. So I carried them for two days to the nearest health centre, walking as fast as I could. It was hot and dry and my babies just kept getting worse. When I was a few hours away from the health centre they both stopped crying. When I arrived, the nurse told me that it was too late to treat their malaria.” (AMREF)

According to figures provided by the World Health Organization:
· 36% of the global population live in areas where there is risk of malaria transmission
·  7% of the global population resides in areas where malaria has never been under meaningful control

The malaria endemic is not limited to Africa, though Africa has a majority of the malaria cases in the world. We can see from the WHO stats that over 1/3 of the people on earth live with the risk of catching malaria daily. Even more terrifying is the fact that 7% of the world’s population live in areas where malaria never not been a risk to their lives and the lives of their children.

It is clear that those who have malaria do not get the treatment they need (Whitty, Chandler, Ansah, Leslie, & Staedke, 2008). Many people in endemic countries cannot access the health facilities that provide free drugs due to distance and other factors. While the private health clinics that can be reached by these people are just as unattainable due to high costs. Without treatment, malaria cannot be controlled. And most of the governments in the countries with malaria outbreaks are unable to control malaria. Malaria is practically nonexistent in much of Europe and the United States, but continues to be one of the biggest problems of the poverty stricken countries in Africa and Asia (Hay, Guerra, Tatem, Noor, & Snow, 2004).  Poverty and malaria go hand in hand; many of the malaria endemic countries have the lowest Gross Domestic Product (GDP) and spend the least on public health. These countries also have the least amount of healthcare providers for the general public (WHO, 2010). Table 1 shows the healthcare standards in Africa compared to the US.
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	Table 1: Healthcare standards in Africa and US

	Country
	%GDP
	Per capita on health
	Doctors/10000
	Nurses/10000

	Africa
	6.0
	146
	2.3
	10.9

	US
	15.2
	7164
	26.7
	98.2



P. falciparum which causes the majority of malarial death has developed resistance to almost all of the antimalaria drugs. (CDC, 2001) While the original natural drugs such as quinine and artemisinin took multiple years to develop resistance, newly developed synthetic drugs have face resistance within a few months to years of their introduction as antimalarial drugs for public use. Table 2 shows how long it took for resistance to be documented for several popular antimalarial drugs. If this resistance continues to develop to new drugs like it has to recent synthetic drugs, it will soon be impossible to treat malaria. Right now there are still some happy endings for children who contract malaria like the child in the story Malaria You Are My Enemy by 13 year old Cyrille.
There was a family who lived in a village. Their child begins to feel ill and his health worsened but the father said that he had no money. The next day the mother was working in the kitchen when she heard this on the radio: “Malaria is an illness which kills. If you have malaria you must go to hospital so they can look after you.” She explained to her husband what she had heard on the radio. The husband, afraid that he could lose his son, gave her some money so that she could go to the hospital with the child.  When she arrived at the hospital, the nurse welcomed them and gave the child an injection. After the injection, he prescribed them some medicines and released them. He advised the wife to sleep under a treated mosquito net to avoid mosquito bites. And ever since she heard the nurse’s advice, the family no longer falls ill from malaria. (Cyrille)

	Table 2: Development of resistance to Antimalarial Drugs

	Drug
	Introduced
	First Reported Resistance
	Effectiveness (Years)

	Quinine
	1632
	1910
	278

	Chloroquine
	1945
	1957
	12

	Proguanil
	1948
	1949
	1

	Sulfa/Pyrimeth
	1967
	1967
	<1

	Mefloquine
	1977
	1982
	5

	Atovaquone
	1996
	1996
	<1

	Artemisinin
	1970s
	2001
	~30



There are many reasons why the individuals who need these drugs are unable to access them, or are not provided with the sufficient amount. The new, effective drugs are far more expensive than Chloroquine and Sulfa/Pyrimeth, the impoverished governments are unable to purchase enough drugs to affect the malaria rates. One of these newer more expensive drugs is Artemisinin Combination Therapy; the World Health Organization now advocates for the treatment of P. falciparum malaria in areas where resistance to Chloroquine and Sulfa/Pyrimeth has been established (WHO, 2010). Combinations of Artemisinin with either sulfa/pyrimethamine, Mefloquine, amodiaquine or pyronaridine; artemether with lumefantrine or dihydroartemisinin with piperaquine are now in use in different parts of the world (WHO, 2010). This Artemisinin combination therapy (ACT) where multiple antimalarials are used at once seems to be the most effective treatment currently available. 
Artemisinin combination therapy requirements are expected to increase significantly in coming years. It has been estimated that with 215-374 million cases of falciparum malaria occur annually. This means approximately 113 to 314.5 million adult treatments will be needed, requiring $1.6 billion-$3.4 billion US dollars every year to prescribe ACT to every case globally (Snow, Eckert, & Teklehaimanot, 2003). Table 3 shows the expected ACT demands for upcoming years, and how malaria was distributed as of 2010.





	Table 3: ACT Demand Estimates 2010-2012

	Year
	2010
	2011
	2012

	Doses Needed
	217m
	287m
	295m

	Public Buy
	182m
	176m
	178m

	Total distributed in 2010

	Where
	Global
	Africa
	Rest

	Doses
	117m
	110m
	7m



From Table 3 it is clear that the global supply of ACT doses will not meet the needs of everyone. It is no secret that lack of funding is driving malaria resurgence and all its related deaths. (Cohen, et al., 2012)
Malaria is very versatile and is known to be congenitally transferred from mother to child during birth. Intermittent preventive treatment is the recommended treatment for pregnant women living in high transmission areas. IPTp consists in the administration of a single curative dose of an efficacious anti-malarial drug at least twice during pregnancy – regardless whether or not the woman is infected. The drug is administered under supervision during antenatal care (ANC) visits. Sulphadoxine-pyrimethamine is the drug currently recommended by the WHO because of its safety and efficacy in pregnancy (Briand, Cottrell, Massougbodji, & Cot, 2007).  Although an increase in resistance of SP by parasites is making it pertinent that other drugs be investigated. The best option seems to be Mefloquine. More research needs to be conducted pertaining to the amount of drug to use and when the best times to give the drug is. It is still important to maintain and advocate other antimalarial strategies such as nets, and insecticides specifically in early pregnancy when IPTp is ineffective (Briand, Cottrell, Massougbodji, & Cot, 2007).
Future of Drug Resistance
The future of preventing antimalarial drug resistance is a tricky matter with no clear answer. Drugs will continue to be used and as long as drugs are used, the chance of resistance developing is present. P. falciparum has developed resistance to every drug that has been thrown at it. A large problem is new drugs are taking longer to develop than for drug resistance to occur. This along with the problem of limited healthcare infrastructure in Africa has created a large push in the international community to make the antimalarial drugs available to the public. This approach goes against the primary methods for limiting drug resistance, which is limited access to and controlled usage of the drugs. In all areas with resistance to Chloroquine, Artemisinin combination therapy (ACT) is now advised. Artemisinin derivatives have half-lives of the order of an hour, and therefore require at least daily dosing over several days (Vugt, et al., 1999). For example, the WHO-approved adult dose of co-artemether (artemether-lumefantrine) is 4 tablets at 0, 8, 24, 36, 48 and 60 hours (six doses) (Vugt, et al., 1999). 
Due to the limited health care infrastructure, drug access will probably increase, which limits the control of correct usage. If this is true, only minor advances against antimalarial drug resistance can be expected, short-term reductions in malaria morbidity and mortality may be achieved. But the long term problem of drug resistance will not be addressed. 
Due to the success of the Rollback Malaria program, the Malaria goals have been recently updated. These new goals are:
· to reduce malaria deaths to near zero by 2015
· reduce global malaria cases by 75% from 2000 rates
· Eliminate malaria in 10 new countries. (Roll Back Malaria, 2011)
Malaria funding has increased to over 2 billion dollars. Though the estimated amount to reach malaria targets is 5 billion and funds are expected to decrease before 2015. The percentage of households with at least one ITN (insecticide treated mosquito net) has risen from 3% in 2000 to 50%. Studies also indicate that 96% of people with access to ITNs use them (WHO, 2011).  The estimated incidence of malaria has decreased by 17% globally between 2000 and 2010. All the positive advancements that have been made between 2000 and 2010 are uplifting. But without continuous and increased support and funding the malaria endemic will surge up again, just like it did in the 1960’s when The Global Malaria Eradication Program ended. 
	Malaria is a problem that requires the attention of the entire international community if it is to be reduced or eradicated. It has persisted for years and developed drug resistance to almost every available treatment.  Malaria rates are dropping, ITN usage is increasing, new drugs are in development, and vaccine research continues. Proper control and usage of the available drugs needs to be emphasized in order to have a positive effect on antimalarial drug resistance, not reliance on possible scientific advancements.  The lofty 2015 goals can not only be met but surpassed with international support and donations. 
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