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Introduction


In this paper, we aim to investigate the Artemisinin Project, one of the proof-of-concept testbeds for the Synthetic Biology Engineering Research Center (SynBERC). We will begin with a brief history of malaria and discuss the practices surrounding anti-malarial drugs, and the ways in which Artemsin has become an important molecule for malarial treatmentand for SynBERC. We will examine the lived experience of having malaria and how it may come to affect the goals of the Artemisinin Project. We will examine the global flows and forces which have come to shape the current situation of drug distribution and development, and finally come to an understanding of how the Artemsinin Project's rhetoric fits into this framework and and they ways in which it may or may not change the face of Malaria in the world. 


Group Methodology 


As addressed in the introduction, each member of the group was responsible for researching one aspect of our overall goal of showing the pathways and forms of resistance within those pathways that are drawn in the world of malaria control.  Attempts were made at doing this work through true collaboration, but were unsuccessful in many aspects.  Although all group members were equally accountable for their share of the work (it was truly a wonderful group to work with), scheduling conflicts and individualized work habits greatly affected the amount of time working interdependently.  In trying to mimic Mode Three, we debated sitting together throughout the entire paper-writing process in order to be able to discuss ideas as they were forming.  However, we believed that we worked best in solitude.  Later, this desire was problematic as it turned out during the final days of writing our papers, that we were not on the same page as much as we had believed.  This yields an interesting observation on Mode Three in that it seems to work when one views relations of organizations as collaborative and the people within them simply as the cells of the larger organism.  However, when one examines the fact that organizations are made up of individuals with their own desires for independence and own styles of handling situations, Mode Three becomes problematic.  With that in mind, we also intended to do an analysis of what Mode Three would like for the Artemisinin Project in a think tank sort of style, but due to the cooperative manner of the group, such a think tank was not so easily accomplished.  Lastly, we find the group size to be perfect as the division of labor worked out well; however, there needs to be a minimum of seven minutes allotted to each presenter for ten pages of research.  Overall though, wonderful structure to the projects.

Malaria and Artemisinin

Malaria: Organisms, Pathways, Symptoms


Malaria is the term given to a certain set of symptoms which are caused by single-celled parasites of the genus Plasmodium.  These parasites are transferred to humans via infected female Anopheles mosquitoes. There are four types of malaria: P. vivax P. ovale  P. malariae P. falciparum (Boyd). The first three are quite similar, while P. falciparum prompts what will be referred to as severe malaria.  When an individual is bitten by an infected mosquito, the organism travels through the individual's blood stream to the liver, where it multiplies in liver cells (hapatocytes). These cells burst, and the parasite travels into the bloodstream where it infects red blood cells, multiplies, and causes host cells to rupture. Once an individual has been infected, symptoms manifest in 9-14 days. These initial symptoms include violent chills, fever, sweating, headaches, delirium, seizures and exhaustion (Boyd). These symptoms then come to manifest into debilitating “malarial attacks” of symptoms which also include characteristic hallucinations. These symptoms prevent the individual from operating at full capacity and affect work, school, and daily aspects of life until recovery. 


Evidence suggests that malaria itself may be as old as humanity.  Indeed it is a disease that is cited in some of the oldest texts available including those of Deuteronomy, Homer, and Chinese texts from the Chin and Yuan Periods. Malaria costs the body an extra five thousand calories per day and thus, it is easy to conceptualize the burden that it has placed on humanity and development (Bureau for Increasing Use of Quinine). The human body itself has come to adapt to malaria in certain ways. In areas with endemic malaria, partial resistance is gained when individuals are infected early, thus making subsequent malarial attacks in life less dangerous. Additionally, it is theorized that sickle-cell anemia is an adaptation to combat malarial infection (Bureau for Increasing Use of Quinine). The impact of the disease over the course of human history is incalculable and has, up until recent times, been one of the biggest contributors to stunted economic development.   


The French army scientist Charles Lavern was the first to identify the organisms that cause malaria in 1901, and was awarded the Nobel Peace Prize for his work in 1907.  As technologies emerged to combat malaria and its vector in the twentieth century, nations began aggressive public health campaigns to stop malaria by mechanical means. For example, the southern region of the United States was the most impacted by malaria. In Jackson County, Mississippi, an estimate placed the cost of each case of sickness at ninety-six dollars. Numbers like these pushed a campaign to end malaria. A national campaign began in 1947 and by its commencement had 4.6 million house spray applications of DDT (Deeks). Other methods of control included draining stagnant water to prevent the proliferation of mosquitoes, Many other nations followed suit, and today, Malaria can be mostly along the equator: in tropical Sub-Saharan Africa, Northern India, Southeast Asia, and northern parts of South America. These areas are considered to be areas where malaria is endemic (Boyd).

Malarial Drugs: Two Pathways, One Resistance


There are two types of drugs to combat malaria. The first is prophylactic, which is utilized by individuals who do not have malaria, but are traveling to endemic areas. The most popular today is Doxycycline. These drugs function by impairing the reproduction of malarial parasites. Prophylactic drugs are not feasible for those living in endemic areas for several reasons, namely cost, and the physiological burden created when one constantly takes strong medication without infection (Desowitz). The major compounds found in malarial drugs are chloroquine and quinine. Quinine is isolated from the Cinchona tree, and has been used as an antimalarial drug since the 1600s. The molecule itself was first isolated and identified in 1820, and was artificially synthesized in 1942, with methods that made it unfeasible for industrial use. The molecule functions by destabilizing the malaria parasite's ability to absorb hemoglobin, effectively killing it. Several other derivatives of quinine have also been introduced. One, primaquine, was the first drug involved in United States voluntary prison test (Aberle).  Quinine-based treatments for malaria were the drug of choice until the end of WWII, when other treatments became more efficient. 


Another important malarial drug is Chloroquine. Chloroquine was first synthesized in the Bayer Labs in Germany in 1942 (Boyd). It functions by creating an accumulation of waste inside malarial organisms, destroying them. It was approved in the U.S. and U.K. following intensive testing, mostly on rhesus monkeys in 1947. With the relative ease and efficiency of making chloroquine, it became and important drug for malaria treatment, despite its tendency to stay in the body for significant time and its mildly suppressing effect on the immune system. 
Unfortunately, strains of malaria, particularly P. falciparum have become resistant to Chloroquine, and have reduced sensitivity to quinine (Aberle). 



Both of these drugs and their derivatives were developed in what can be considered mode one engagement. The experiments and projects that lead to the development of quinine and choloroquine come from institutions such as the Bayer AG, Merck, Emory University, and the U.S. National Medical Laboratories (Boyd). Literature from the 1900s to the 1950s on Malaria is filled with journal articles, special issues, and symposia material. There is a clear effort made from these materials to show all methods etc., but it is also clear that a collaborative methodology is missing and that each institution is functioning independently, especially when cross-checking articles that discuss similar topics (Marchend and Maximow). The scientists here regulate themselves, and there is no discussion of ethical issues or possibilities. A problem is created (find an effective drug for malaria), preventing these studies from being prepared for and open to emergent problems and situations. 

Artemisinin: A Cure to Create a Discipline?


Artemisia annua is a shrub that contains artemisinin, a molecule that has been used in China for centuries to treat malaria (Desowitz). It is one of the most effective post-infection treatments today against malaria, including resistant strains. It functions by creating a cascade reaction that leads to oxygen radicals which destabilize parasites without damaging the human cell. Unfortunately, there is a relatively limited supply versus the enormous demand for it, and prices are not affordable for the vast majority of those living in endemic areas.


Jay Keasling, a professor at the University of California, Berkeley started a project in the early 2000s to artificially synthesize artemisinin at low cost. This project eventually came to be part of SynBERC. Within SynBERC, it functions as a proof-of-concept project which demonstrates the utility of synthetic biology as a discipline. The goal of the project as one of the two testbeds of SynBERC is to create microbial factories (yeast cells) that would produce cheap and reliable drugs (artemisinin). If the project is successful, it will show that synthetic biology can take a (proclaimed) world problem and use biological parts devices and chassis to solve that problem. The performance of this exercise would show that synthetic biology can utilize biology as a tool to solve problems. 


Several issues immediately emerge through this situation. First, is the question of whether or not artemisinin is the best-suited molecule to develop a low-cost version of an antimalarial drug?  There have been no long-term studies that demonstrate the effects of artemisinin, especially when considering that the goal of this project is to that those living in endemic areas can afford to take the drug every time that they get malaria. Instead of focusing on a solution that addresses the problem in totality, the project instead attempts to mitigate an existing problem in a way that creates a need for more of the products of SynBERC experiments. Indeed, this approach to the given problems is reflected in the center's mission statement which aims to mitigate rather than solve pollution (www.synberc.org). Additionally, SynBERC through its discourse, assumes that is along with its allied partners are the best suited organizations to take up this problem, effectively ignoring the national governments and and cultural groups in the endemic areas within which they plan an enacting their programs (see below). To a certain extent this reinforces colonial a colonial system of domination and subjugation, where the dominant cures the helpless. 

Science, Scientists, and Living


In his work Science as a Vocation, Max Weber delineates the necessary problems facing a young graduate student in the sciences. If one is to dedicate himself to science, one must be prepared to face situations where merit may not necessarily be a factor in individual advancement. Within SynBERC, it is clear that scientists are not committing themselves to the university and science for sciences sake, but instead are attempting to use science as a technology for solving problems. First, the graduate student of today need not concern himself with university tenure. A successful graduate student can severe his relationship with a university to create his own lab which may or may not be more fulfilling. This is certainly the case with the Artemisinin Project, as one of the laboratories involved was created by graduate students from a UC Berkeley Lab. Secondly, science for science's sake has been lost as a concept for the Artemisinin Project. It is science for the sake of creating microbial factories to prove the utility of synthetic biology and to save lives. Pressures from the University, the National Science Foundation, and the Gates foundation promote an atmosphere of production rather than scholarship.

A Mode to Make a Future

Persons educated with the greatest intensity we know can no longer communicate with each other on the plane of their major intellectual concern (Weber 60).


One of the four SynBERC thrusts is human practices, meant to examine the implications of research, and the emergent problems and situations inherent in the center. Rabinow and Bennet put fourth three different modes of working between science and social science for human practices. Mode one consists of scientists self-regulating themselves, promoting no consultation with outside experts or technicians. Most science before the 1960's was performed in this manner, such as those experiments which lead to the discovery malarial drugs. Mode two, often termed 'science and society,' is where scientists take broader interest in the implications of their work and may consult experts in the social sciences and humanities, but still work in a cooperative rather than collaborative framework.. Thus, Mode three analysis is the goal of SynBERC. Unfortunately, even on the broadest of scales, this is difficult to imagine. The experiments involved in SynBERC including the artemisinin project were conceptualized and started before the creation of SynBERC, and thus, had little consultation with the social scientists before they began. Within the artemisinin project specifically, no shared problem space exists, little collaboration with social scientists and other science institutions is occurring. This is leading a reduced amount of pedagogy and is preventing flourishing in the project. If the artemisinin project is to be a sort of experiment that the center can present as a model, the natural sciences and the social sciences must collaborate together to break down historical power relationship and the 'feeling of something like hostility' that Snow puts fourth.  

Ethnography of Malaria in Ghana

“If you, as a white, tell them that malaria can kill them, they will just laugh.”

Introduction

It is easy to lose sight of the everyday lived experience of the individual when approaching a large-scale problem such as malaria. However, without attention to  individual perspectives and ethnographic descriptions, we not only risk overlooking the very human reasons for seeking to eradicate malaria, but we also risk ignoring the social, economic, and cultural factors that shape how people in any given society respond to both the disease malaria and outsiders’ efforts to combat malaria. This part of our paper seeks to investigate human practices around malaria by highlighting the lived experience of contracting and treating malaria in Ghana, a country in Sub-Saharan West Africa, as well as the structural and institutional forces that create the conditions for malaria as a cause and consequence of social suffering in Ghana.

Methodology for Ethnography


I interviewed a German university student named Max. Like all other recent high school graduates in Germany, Max had to fulfill his civil service requirement by either joining the military or doing alternative service before commencing his studies at a university. He chose to do alternative service, and was placed in Ghana to teach computer science to young students. While there, Max contracted malaria twice, and it was on these experiences of getting malaria and receiving treatments that much of my interview with him focused upon. Undoubtedly, Max’s “outsider” status has major implications for what he saw and experienced in Ghana: as a young adult, as a teacher, as a German, and as a visitor, Max’s observations of Ghana will not be exactly the same as that of an “insider” or native. However, in spite of these differences, I felt that Max’s situation within the community gave him potentially unique insights into various aspects of life in Ghana. His own experience reflects much of what happens in Ghana today. Where I could, I also conducted research of ethnographies, studies, and other scholarly work on Ghana in order to corroborate my findings from my interview with Max. 

Historical Background and Modern-Day Social Context


Ghana is a country where both disease and outside intervention are familiar parts of its national identity. Contact with other African nations began as early as c. 1200, while Europe’s first contact with the coast occurred in 1471 with the arrival of the Portuguese (Patterson). Throughout the next few hundred years, other European nations attempted to settle there, while major regional groups within Ghana established their own claims to land ownership. Ghana became an official British colony in 1874. In 1957, Ghana became one of the first Sub-Saharan nations to gain its independence. 


Conversely, malaria in Ghana predates European contact. The practice of clearing forests for agricultural development helped enhance the proliferation of malaria during the colonial period: the open land allowed sunlight to reach standing pools of water, creating ideal conditions for mosquitoes to breed in. As is the case today, infants and children were the most vulnerable populations to malaria; those who managed to survive developed partial resistance to future infections of malaria in their bodies through antibodies. European settlers, however, with no prior infection to malaria or built-up resistance, were severely affected by the malarial bacterium, and many died. In fact, the initial push for developing anti-malarial treatments arose partly out of colonial preservation self-interest, rather than a concern for the indigenous people.

Today, malaria causes an estimated 8% of deaths in Ghana (Ahorlu, et al.). Because of its longevity and severity, many scholars of disease and African studies consider malaria to be one of Ghana’s most devastating and pressing health problems (Patterson; Ahorlu, et al.; Adongo, et al.). However, Ghana faces many other difficulties as well: poverty and HIV/AIDS are two of the biggest ones. In spite of its relative economic development (Patterson), Ghana is still a poor country, making it even more difficult for it to tackle problems such as malaria.

Ethnography

Prophylactic Treatment

Prior to and for a short time during his trip to Ghana, Max used Doxycycline, a prophylactic (antibiotic) drug treatment to help prevent and weaken the effects of malarial infection. In time, he stopped taking it; the prescription required taking one pill per day, with side effects of heightened sun sensitivity. Furthermore, Max was concerned about his long-term health; some studies suggest that taking prophylactic treatments for long periods of time can affect bodily and mental functions (Jukes, et al.). Other classmates and friends of Max’s who went on the same program used different prophylactic treatments, also with varying effectiveness. Generally, these treatments could not guarantee that Max or his friends would not get malaria while taking Doxycycline, or any other prophylactic treatment.

The process that Max went through of taking prophylactics is reflective of how most visitors approach going to Ghana. Historically, visitors and outsiders to Ghana and Africa at large have always been a vulnerable population to malaria that required drug treatment in order to survive malaria attacks. Throughout the 1800s, European colonialists, missionaries, traders, and miners experienced a high mortality rate (Dummett); the discovery of quinine as an anti-malarial improved survival rates substantially. While not all visitors take prophylactics for the same duration or at all, access to drug treatments play a significant role in planning a trip to malaria endemic areas. 

Symptoms, Terminology, and Cultural Knowledge


Max is uncertain as to how exactly he got malaria the first time. As it was common to get mosquito bites all the time, Max could not point to any one mosquito bite and know which one had infected him. As such, Max assumed that he got malaria through a mosquito, the main vector of transmission. However, he became well aware of the symptoms of malaria quite quickly two months into his stay at Ghana in November 2005 during the rainy season: 

The night before, I woke up feeling a strange and strong pain in my right shoulder. It was a pain like aching muscles, but it did not go away. I usually never wake up in the night and I was even more surprised that the pain didn't vanish. I thought maybe I was lying on my arm, so I fell asleep again after some time. The next morning, it was Sunday. I accompanied some friends – other teachers of my school – to the church. I felt bad. Although Ghana is usually a very hot place I felt I was having a temperature. I had a slight headache and I was already feeling somehow dizzy. I came home, took my temperature and had 40 degrees Celsius. That was the moment I was sure having malaria… I slept most of the day! I didn’t want to do anything and I was not hungry at all, I just wanted to sleep and lie in the bed.

Though symptoms can differ from person to person – for example, Max mentioned that some people will experience diarrhea or vomiting – Max’s symptoms were fairly typical for malaria patients, whether from Ghana, Africa, or elsewhere. 


While not disputing that malaria has characteristic symptoms, it is important to realize that Western biomedicine assumes clear distinctions between malaria and other pathologies where Ghanaian language and experience demonstrate otherwise. “Periodic bouts of ‘fever’ were simply a part of life” (Patterson 35) for Ghanaians, and malaria, while undisputedly debilitating and uncomfortable, does not necessarily represent a distinctively dangerous disease for Ghanaians. For example, Adongo, et al. reported that two districts in northern Ghana do not have a specific word for the clinical term malaria. Rather, they use the terms “pua” and “feber” interchangeably when talking about malaria and other illnesses that also involve fevers and body aches, such as hernia, hydrocoele, and elephantitis. In fact, while many Ghanaians recognize that malaria is a serious illness and can usually name characteristic symptoms, this recognition generally occurs only when in dialogue with the professional sector: 

We know what we know and we accept what you tell us. When you people come to us we have to let you know that we have accepted what you have been saying to us about malaria. These days, when our children are sent to the hospital, the mothers return to tell us they say it is malaria. If you ask about malaria, everyone in the village will tell you it is the mosquito that causes it. We must tell you what you want to hear my son. (Adongo, et al. 365)

Spoken of locally, few Ghanaians make clear distinctions between malaria and other febrile conditions; spoken of in formal settings with outside “experts” who construct malaria as a serious illness, malaria likewise becomes a dangerous disease. 


Additionally, while Max knew that he caught malaria through a mosquito; regional variations exist in how Ghanaians understand malaria transmission. For example, Adongo, et al. found that while people in the region of Kassena-Nankana recognize that mosquitoes are responsible for malaria, people in the Bulsa district cited stagnant pools of water and unsanitary environments as the sources of malaria. Indeed, Max himself mentioned observing this association between hygiene and malaria:

There were programs in the TV telling the people what to do to fight malaria. Those programs were nice as it was always like cartoons or another program where children were singing a song about fighting malaria. That was the way of the government to increase the awareness of that problem. The cartoon or song was usually just saying that you should dry out little pools, puddles, and take care that tins are not left somewhere with water in it. I just remembered that there is a big link between hygiene and malaria!

Many of the announcements about malaria warn people to not leave water out in order to maintain hygienic environments. These examples demonstrate that in spite of biomedical efforts to inform Ghanaians about malaria, cultural knowledge and experience persists, shaping how Ghanaians try to prevent and treat malaria. 

Hospitals and Self-Treatment

As it was a Sunday, Max was uncertain that a hospital would even be open to help him. Furthermore, Max was not confident in the hospital’s quality of care, mentioning that the facilities lacked good equipment to work with. Finally, Max felt exhausted and terrible, and simply did not want to go anywhere. As a result, Max stayed home and treated himself. The only anti-malarial treatment he had was Lariam, which, when used as a prophylactic, is taken only once per week. Its dosage is strong, requiring less frequent intake, and can have many side effects, including strange dreams and hallucinations. When used to treat malaria, however, the dosage increases to five or six pills in one day. Though Max knew of the potential side effects of Lariam, he decided to take it anyways: “I only had the Lariam, and as I was also afraid, I decided to take the six pills, which I knew is a lot, but you won’t care about side effects if you are having malaria and you think you could die.” 

Max went to the hospital the next day, where, after waiting some time, Max filled out some forms, got his blood pressure and temperature measured, and described his symptoms to a doctor. Based upon this, the doctor confirmed that Max had malaria and prescribed artesunate, a drug derivative of artemisinin, and painkillers, which Max did not take because he had heard that taking painkillers would merely extend his illness, and he was not in much pain at that point. Upon returning home, Max began to experience side effects of the Lariam he had taken the day before:

The next two days were terrible! I am sure it was still because of the Lariam I took on Sunday. I was in my house, just lying in the bed. I was turning around all the time, I couldn't sleep and moreover I didn't want to fall asleep. I really thought if I would fall asleep, I would never wake up again. I thought I might die!

I had nightmares, dreaming of the book I was reading at that time, Illuminati… I had hallucinations. When I was looking at my door I saw a picture appearing on the pattern. It was a person standing in front of a crowd of people. I am not kidding. It became worse. I don’t know this word – some people are saying that they have those strange experiences before they die, about the light. In Germany it’s called “near-dead-experiences.” I was able to leave my body and see myself lying in the bed. I am sure I was hallucinating, but while I was lying there I did not know what to believe anymore. Later on, I think that was Tuesday then, I had visions. I saw some men entering the school ground, killing the watchmen and kidnapping the headmistress. I really thought it would become reality and so I left my house, feeling so dizzy and weak. I was walking towards the classrooms in order to warn the watchmen. Now it’s really funny, but when I was standing on the street, I really believed it. I realized afterwards it was just because of the drugs. But I never believed in my whole life that drugs would be able to make me believe something like that!

Max experienced insomnia, potentially from the Lariam but also out of fear for his own life. Later, he experienced many visions, hallucinations, and strange dreams, which, while considered less common, are known side effects of Lariam (Tran, et al.). Max recovered from the Lariam and the malaria within a few days and returned to teaching.


Max’s second experience getting malaria and receiving treatment (a year later, in November 2006) was relatively less severe. He initially experienced neck pains, a high fever, and a loss of appetite. Max did not go to the hospital at all: he already had a supply of artesunate, and as he knew that the doctors could only prescribe more artesunate and listen to his symptoms, Max felt that going to the hospital would not help. In contrast to taking Lariam, Max reported no side effects of the artesunate and recovered quickly.


Max’s behavior of doing self-treatment and staying away from Ghanaian hospitals is actually similar to how many Ghanaians approach treatment. Buabeng, et al. found that most anti-malarial treatment occurs at the household level, with people using community pharmacists, drug shops, or herbalists first. Some use insecticide-treated bednets (ITNs) to protect their homes and sleeping areas from mosquitoes, although this practice is less common, in part because of the expense of buying a bednet and because many Ghanaians believe that malaria can be spread through means other than via mosquito, rendering bednets unnecessary to them (Adongo, et al.). Additionally, most health centers in Ghana lack laboratory facilities, with the result that doctors use the same means of diagnosis (paying attention to the symptoms) that a patient would at home (Ahorlu, et al.). Hospitals are a last resort for Ghanaians when home treatments fail or if the malarial infection is resistant or severe. Of course, Max’s intentions and context differ from most Ghanaians: Max distrusted the hospital’s quality of care, while most Ghanaians do perceive hospitals positively and simply cannot afford to go for minor infections. Moreover, Ghanaian adults infected with malaria do not fear for their lives as Max did. As such, they are less likely to utilize  

However, as Max demonstrated, it is easy for a patient to use a treatment inappropriate for him or herself. Buabeng, et al. found that in a survey of 500 patients in Ghana, 213 patients (43%) used home treatments prior to hospital treatment. Of these 213, 163 of them (77%) used the treatments inappropriately in terms of dosage, frequency, and duration of use. A common problem is using too little treatment for too little time, which many scholars believe contributes to malaria’s increasing resistance to treatments (Ahorlu, et al.; Buabeng, et al.). These studies, as well as Max’s account, demonstrate that cultural experience, socioeconomic status, and hospital quality impact how people in a country such as Ghana use (or misuse) the anti-malarial treatments that they have access to.

Conclusions

Case studies and ethnographic accounts of Ghana reveal that Ghanaians construct malaria as a severe illness, rather than as the society and life-threatening disease that biomedicine depicts. Moreover, Ghanaians face other problems that directly affect their quality of life daily, such as HIV/AIDS, pollution, poverty, and malnutrition, such that their everyday concerns center around these issues, rather than malaria. These studies also show that health centers in Ghana lack proper facilities, making self-treatment a major way in which Ghanaians approach treatment. Synthetic biology’s ongoing development of artemisinin-based treatments holds promising results for effective treatment in countries such as Ghana, especially in light of the treatments currently available. However, for implementation of these drugs to work, distributors of these treatments must be prepared to anticipate and respond to the many social, cultural, and economic factors surrounding countries that suffer from malaria.

Pharmaceutical Industries in Developing Countries

Introduction: Struggling 

Sub-Saharan Africa is facing the crisis of a shortage of medical drugs that can be used to save the many lives that are threatened by curable diseases.  One sees and hears in advertisements about the creation and invention of new types of medications.  One often is told about how much effort pharmaceutical companies and their medical researchers are contributing toward the development of new medications for diseases such as HIV, Cancer, TB, Malaria, etc.  However, this yields the question, are pharmaceutical companies really taking their efforts towards mass production of medical drugs to third world developing countries?  Do pharmaceutical companies aim their research to help to meet the needs of medical drugs in developing countries? This section investigates why and how in relation to the former questions posed millions of people have died.  Further, it will investigate what is happening in the pharmaceutical world today, and what pharmaceutical companies are doing and not doing to help Sub-Saharan Africa in the prevention of an ever-increasing number of deaths from curable diseases.  To approach such issues related to the pharmaceutical industry, I will investigate pharmaceutical corporations, related global issues, the ways through which pharmaceuticals in the industry prioritize their research, and whether the pharmaceutical industries are approaching the problems of developing countries.  After examining these issues, the question becomes whether pharmaceutical companies are doing whatever necessary to help developing nations.  Additionally, there will be an approach to how issues of intellectual property rights, such as Trade-Related Aspects of Intellectual Property Rights (TRIPS), and patent laws can affect the distribution of medical drugs to third world nations and how pharmaceutical companies working concurrently with different organizations operate in developing countries towards the development of a better health care system.  This will be tied to an investigation of what types of steps, if any, are being taken to improve the health care system of Sub-Saharan Africa.  This will yield a disclosure of how the exploitation of power is affecting the people in need and how it is affecting human practices in the use of science for good causes.  Lastly, there will also be a challenging of the critique of “science as vocation,” in so far as how science today (the pharmaceutical industry) is developing under the influence of capitalism.  

Pharmaceutical Corporations and Global Issues 

Commercialization is the way in which corporations and industries sell their products.  Pharmaceutical corporations are one of the many industries within capitalism today that make their profit by advertisement in the mass media.  In this section, there will approach to the global issues introduced by pharmaceutical corporations.  Such global issues contain such examples as: how and to whom (where) the pharmaceutical industry’s priorities in the market go to, and how this prioritization leads to the unequal distribution of medical drugs in developing countries.  


The establishment of World Trade Organization has lead to an imposition of intellectual property rights such as those seen in the United States.  As a result, it has become the cause of such problems as people in developing countries (i.e. Ghana) needing medication (for curable diseases, infections and etc), but not having access to the medication, therefore leading to millions of deaths every year.   In relation to this, it is written:

Many people, most of them in tropical countries of the third world, die of preventable, curable diseases… Malaria, tuberculosis, acute lower-respiratory infections- in 1998, these claimed 6.1 million lives.  People died because the drugs to treat those illnesses are nonexistent or are no longer effective.  They died because it doesn’t pay to keep them alive (Silverstein).

Pharmaceutical companies in the developed countries aim toward for profit, thus they focus on advertisement and marketing rather than on research.  Additionally, when pharmaceutical companies do invest in research, they spend more time and money on lifestyle drugs that are more pertinent to people living in developed countries.  Hence, since there are limited number of pharmaceutical companies committing their research to the development and establishment of medical drugs for developing countries, the prices on their medical drugs skyrocket in the market (for developing countries).  As a result, only the wealthier populations of these developing countries can afford the drugs and the poor are left with limited or no resources.  According to Isabel Hilton, an author of “A Bitter Pill for the World’s Poor” of The Guardian:

Multinational pharmaceutical companies neglect the diseases of the tropics, not because the science is impossible but because there is, in the cold economics of the drugs companies, no market (Hilton 2). 

The pharmaceutical industries operate in such a way that their research, related to marketing, is prioritized with way for the pharmaceutical companies to “make investments that yield the highest returns” (Stigliz 1279-1280) being placed on top.  Pharmaceutical companies judge that they would not get adequate returns on research investments in developing countries.  Hence, pharmaceutical industries take less effort to produce medical drugs for the developing countries.  As a result, of the thousands of new compounds drug companies have brought to the market in recent years, less than 1% are for tropical disease (Hilton 2).   

The Problems in the Developing Countries

First world countries, out of which most of the major pharmaceutical companies operate, create more poverty and dependency for developing countries on these developed nations. Furthermore, post-war policies developed by the International Monetary Fund (IMF) and World Bank have cut social expenditures of the developing countries, hence cutting back on the education and health care systems which created inequality in the third world nations.  

There have been some criticisms in which people argue that pharmaceutical companies spend less money on diseases for the poor in the developing countries.  It has also been argued that pharmaceutical companies spend more time on researching life style drugs for the developed, first world countries.  People have also argued that the problems as mentioned above should be invested in and researched by nations affected by such problems, and that the private corporations cannot solve all the world’s problems without huge expenditure.  Furthermore, in the vast capital-based economy of today, research and development of tropical disease cures are not profitable for the first world pharmaceutical companies because most people in the developing countries cannot afford the cures.  Therefore, pharmaceutical companies yield low returns and end up losing profit instead of gaining one.    

Some pharmaceutical companies do try to develop cures for the developing countries.  However, these pharmaceutical companies complain about unfair trade practices.  Pharmaceutical companies often require intellectual property enforcement to help earn their investment.  Noam Chomsky, author of “Unsustainable Non Development,” argues: 

The pharmaceutical corporations and others claim they need this (protection via patents and intellectual property rights) so they can recoup the costs of research and development… A very substantial part of the research and development is paid for by the public… 

Noam Chomsky continues: 

… The pharmaceuticals even own the rights to the drugs in the first place… The rights to government- created innovations were sold to pharmaceutical companies at low prices, guaranteeing companies like Bristol-Myers Squibb huge returns on investment… the drug companies have the moral authority to determine who can or can’t access them.  And the fact that thousands of people in Africa continue to die because they can’t afford the drugs… 

The issues that affect problems of medical drug distribution in developing countries stem from intellectual property rights and patenting laws enforced by the government and organizations such as the WTO created by first world nations.   The patents are affecting the poor countries such that: 

Large corporations from developed countries are patenting so many drugs that take resources from developing countries that it makes it difficult for those developing nations to be able to produce medicines for themselves. 

The World Trade Organization’s TRIPS agreement (Trade-Related Aspects of Intellectual Property Rights (to be further addressed later) makes it difficult for other countries to produce medicine if the product is already patented. 

There are some provisions in the TRIPS agreement, but they only come into affect when there is an emergency and the products are not used for commercial use.

Poorer countries that do have the industrial capacity to produce generic alternatives are facing pressure not to sell them to other poor countries that do not have such capacity. 

 Intellectual property rights restrict and allow scientist(s) or companies (pharmaceuticals) to have exclusive control of their knowledge and resources.  This prevents other corporations from using the same resources and knowledge, thus limiting the number of successful medical drugs to be developed.  This can result in medical drugs beings developed expensively, while these drugs are put on the market with very high prices.  Former World Bank Chief Economist Joseph Stiglitz in the British Medical Journal argues that intellectual property rights create monopoly power.  He argues that “monopolies distort the economy. Restricting the use of medial knowledge not only affects economic efficiency, but also life itself.”  


The establishment of the World Trade Organization and its intellectual property rights called the TRIPS agreement introduced intellectual property law into the international trading system. Intellectual property rights enforced by World Trade Organization (TRIPS) restricted and reduced the access to generic medicines.  Furthermore, TRIPS maintained and supported the patenting of high prices of medical drugs for the health care system in the developing countries.  In other words, TRIPS made it very difficult for pharmaceutical companies to produce drugs, since many have already been patented and most drugs require same resources (ingredients) and knowledge for development.  From this, millions of people in the third world could no longer afford to drugs they needed.   In 2001, developing countries, concerned that developed countries were insisting on an overly-narrow reading of TRIPS, initiated a round of talks that resulted in the  HYPERLINK "http://en.wikipedia.org/wiki/Doha_Declaration"Doha Declaration: a WTO statement that clarifies the scope of TRIPS, stating for example that TRIPS can and should be interpreted in light of the goal "to promote access to medicines for all (“Agreement on Trade-Related Aspects”).  


In 2001, WTO and its TRIPS agreement have loosened the strict rules and provisions of the patent laws such that there is an assurance of and increased access to essential drugs.  In doing so, the TRIPS agreement allowed member countries to make patents available for any invention.  This Allowed third party pharmaceutical industries (non-mainstream industries) to use the knowledge and resources needed for production. Additionally, the Doha Declaration has introduced mechanisms such as compulsory licensing and parallel imports.  These mechanisms are as follows: 

1) WTO patent rules allow 20 years of exclusive rights to make the drugs.

2) The price is set by the company, leaving governments and patents little room to negotiate, unless a government threatens to overturn the patent with a “compulsory license.” 

3) Authorize a producer other than the patent holder to produce a generic version of the product though the patent holder does get some royalty to recognize their contribution. 

4) Parallel importing allows a nation to effectively shop around for the best price of the same drug which may be sold in many countries at different prices. 

These methods have in fact been effective for developing countries such as South Africa and Brazil where they have purchased cheaper drugs from where it is sold the cheapest.  Hence, compulsory license and parallel import systems have given an opportunity for pharmaceutical companies to give their own price for their medical drugs and developing nations an opportunity to shop around for cheap but good quality drugs.  The effects and duplicities of this system will be examined later in case studies of Ghana on the implementation of ACTs into the health care system.


However, many pharmaceutical industries have feared that these new mechanisms can threaten their market.  In fact, the United States has argued that if many pharmaceutical companies, associating to their third world buyers, follow the same steps of the companies that practice the mechanism of compulsory license and a parallel import, and then these mechanisms is in fact a threat to their market.  For example, India’s pharmaceutical industry is highly successful for its purpose, due to a structure of patent laws that yields the development of cheap drugs.  The large pharmaceutical industries fear and are threatened by open markets in which the new patent and property rights allow developing countries to buy essential medical drugs for cheaper.  Another reason is that large pharmaceutical companies fear that companies from developing countries can make profits on products that are not sold much by the large multinational pharmaceuticals in the developed countries.  Mainstream pharmaceutical industries are against these methods and license products, since large profits are their priorities.  


In December 21, 2002, U.S. vice-president Dick Cheney blocked a global deal to provide cheap drugs to poor countries.  Since the Doha Agreement, “America’s drug industry has fought tooth and nail to impose the narrowest possible interpretation of the Doha Declaration, and wants to restrict the deal to drugs to combat HIV/AIDS, malaria, TB and a shortlist of other diseases unique to Africa” (Global Issues 10).  As a result, cheap generic versions of new patented drugs that are marketed in the developing countries are blocked from US trade policies on intellectual property rights.  The USA does this in ways that are exemplified below: 

It provides biased technical assistance in countries such as Uganda and Nigeria, which benefits its own industry by increasing drug prices and limiting the availability of generics, but reducing access.  It use bilateral and regional free trade agreements to ratchet up patent protection in developing countries (Central America, Southern Africa and etc)…  The U.S bullies countries into increasing patent protection by threatening them with trade sanctions (Oxam 11).

Central American pharmaceutical industries estimate that such U.S. trade policies on intellectual property rights and patent rules could increase the cost of medicines up to 800% (ibid.). 


In conclusion, developing countries are affected by current systems of restricted patent and intellectual property rights.  However, in the complicated system of pharmaceutical industries today, there are few that aim towards human practices and aim towards the development of cheaper and effective drugs to the third world.    

Development

Knowing that pharmaceutical industries are restricted by the intellectual property rights and patenting laws, it seems clear what difficulties arise for them to produce cheaper and essential medical drugs for the developing countries.  However, creating a partnership with China, one of the many pharmaceutical companies named Novartis entered the battle against malaria in the 1990s.  In their research, they have created the first artemisinin based combination antimalarial therapy called Coartem.  Furthermore, to ensure Coartem is distributed for the needs of patients in the developing countries, Novartis has joined forces with World Health Organization to provide Coartem at no profit for use by public health systems in developing countries.  In 2001, Novartis and the WHO participated in the Doha Declaration and signed an agreement in which to improve the accessibility of essential medical drugs to the developing countries.  And during 2006, more than 62 million treatment courses of Coartem were delivered to more than 30 countries across Africa, helping to save an estimated 200,000 lives (“Coartem in Africa”).  Issues around this drug distribution will be reiterated and problematized in later pages.  Accordingly, the National department of Health (NDH) and the World Health Organization (WHO) has created The ABCs of Malaria Prevention.  They are: 

A: Awareness of malaria risk

B: Avoidance of malaria bites 

C: Compliance with Chemoprophylaxis, when indicated 

D: Early Detection of malaria 

E: Effective treatment   

Due to the malaria prevention program set forth by NDH and WHO, residents of malaria infected areas have been provided with mosquito nets and have been directed in how to sanitize the water around the malaria area.  As a result, reports by NDH and WHO suggested that mosquito nets, followed by using of DDT around the area have shown significant decrease in malaria infection among the population. As a result, WHO and NDH have successfully reduced the amount of malaria bites in the residence of malaria area in some areas.  However, as alluded to with the ethnographic work prior, in places where bednets are not provided, they are often not used due to cost and a lack of understanding of the source of malaria contraction.  Even so, this is in fact an improvement towards prevention of malaria infections.  Furthermore, there are institutions such as UC Berkeley, the Institute for One World Health, and Amyris Biotechnologies funded by the Bill and Melinda Gates Foundation which have organized such malarial-fighting campaigns as the Artemisinin Project.  Their goal is to produce source of artemisinin (for antimalarial drugs) to be available to pharmaceutical companies at lower prices.  To meet their goals and to have a successful partnership, they are making attempts at following the guidelines of collaboration.  Yet, for their development to be placed in the open market sounds like a long story ahead…

California to Ghana: Pathways to Control

Introduction

Upon entering the main webpage of the Bay Area’s Artemisinin Project, one is immediately hit with a sense of urgency: next to the face of two broken-down foreign children, a ticker is going off tallying the number of new malaria infections that have occurred since the opening of the screen.  With the number going up every second spent in examination of a page labeled New Technology for Malaria, an emboldened tagline reads, “A powerful new project, bringing the promise of affordable malarial medicine where it is needed most” (“Artemisinin”).  Immediately upon reading this compelling assertion, the viewer is given a sense of relief as it seems that the seconds ticking away at the victimized children to the right of the screen are not being spent in vain- the Artemisinin Project will one day be responsible for the saving of innumerable lives.  However, while these words make a promise that literally millions of the world’s poorest people desperately need to be kept, their manifestation is dependent upon a multiplicity of institutions, meanings, perceptions, events, and frameworks.  Thus, following is an explanation and analysis of the path of the Artemisinin Project from where it is based in California to its potential outcome in our target study nation of Ghana.  Throughout will be an acknowledgement on rhetoric, modes, governing bodies and actors, and cultural factors that will come into play in the Artemisinin Project’s plan of producing and preparing synthetic artemisinin for the production of inexpensive artemisinin-based combination therapies (ACTs).  

The Artemisinin Project

How it all began…

After discovering the power of the pesticide Dichloro-Diphenyl-Trichloroethane (DDT) in the eradication of mosquitoes and the production of new antimalarial medications, the World Health Organization (WHO) of 1955 submitted a proposal to the World Health Assembly preaching the possibility and importance of the eradication of malaria worldwide.  Through the utilization of spraying homes with insecticides, providing antimalarial drug treatments, and constantly surveying for mosquitoes and a possible outbreak, the WHO developed a four-prong approach toward eradication inclusive of the following steps: “preparation, attack, consolidation, and maintenance” (“History”).  For the modern world, the WHO’s plan seemed successful as in the wealthier areas of the world with seasonal and temperate climates, as well as India and Sri Lanka who were obtaining a constant stream of supplies, malaria was nearly eradicated.   With the celebration of a job well done and a worldwide recognition that the WHO was to be the world’s leading organization in the fight against malaria, many seemed to not realize that in the vastly marginalized Sub-Saharan Africa mosquito populations and parasites carrying Plasmodium were breeding, infecting, and flourishing at a ever-quickening pace (“History”).  Now, this marginalization, alongside histories of war, Diasporas, corruption, famine, and other infectious diseases and viruses, has lead to the development of oftentimes drug-resistant strains of malaria that infect 300-500 million people at any given time, largely concentrated in this once ignored area of the world (“Malaria Fact Sheet”).  With “eradication” being traded out now for thoughts simply on the hope for “control,” even in India and Sri Lanka where the pathway of supplies was eventually severed, the World Health Organization Executive Board proposed in 1990 that a Ministerial Conference on Malaria be held to encourage countries with an existence of malaria to intensify efforts of disease control, assisted by the so-called international community  (“Experts Committee”).


In perfect Mode Two fashion, the WHO prepared over a time period of two years for this Ministerial Conference through preparatory meetings of speakers from the United Nations, donor agencies, research institutions, specialized agencies, scientists, managers, and administrators.  After a consensus among the experts, a Global Malaria Control Strategy was formulated and presented to many of the world’s most prominent actors at the first-ever Ministerial Conference on Malaria held in Amsterdam in 1992 (“Experts Committee”).  After conducting an international study and finding that the conclusions of the WHO and their expert correspondents to be in accordance with the situation of the world, the United Nations endorsed the Strategy during their General Assembly in 1994 and an official WHO Experts Committee on Malaria was formed with the responsibility of examining and detailing the implementation of Global Malaria Control Strategy worldwide (“Experts Committee”).  Since the implementation of the Strategy, countless non-profits organizations, corporations, medical professionals, and nations have jumped on board to see to it that the control of malaria, notably in endemic lands, is manifest.  One such organization that ensures a close matching of their research with WHO standards is that of the Bill and Melinda Gates Foundation, as follows.

The Gates Foundation and the Institute for One World Health


As one of the strongest contributors in support of the WHO Global Malaria Control Strategy, the Bill and Melinda Gates Foundation established in the year 2000 has poured over eight billion dollars into grants to solve some of the world’s most daunting problems.  With a platform preaching technological innovation and prevention as the first steps in a solution for the innumerable lives affected by malaria, the Gates Foundation has been a leader in the giving of large grant donations to organizations whose goals match their priorities (“Our Values”).  Pertinent to the development of synthetic biology, one such of these organizations is the Institute for One World Health (iOWH), founded in 2000 as America’s first non-profit pharmaceutical.  The iOWH signed on with the Gates Foundation in 2002, receiving a grant of $42.6 million over five years beginning in 2004 to “establish and validate a manufacturing process to make artemisinin-type drugs affordable for the world's poorest people” (“Grants”).  Although it is unclear as to whether or not a relationship had already been formed between the Institute for One World Health and UC Berkeley’s scientists at the time of the grant proposal, it seems that when learning of Keasling’s ability for the development of cheap synthetic artemisinin and Amyris Biotechnologies’ willingness to develop the proper chemical properties for drug synthesis, the iOWH jumped at the opportunity to put their grant money to work in a collaborative effort through which the Artemisinin Project was born (“Anti-malarial”).  At least, that is how currently the story seems to be told.

Passing the Baton: How the Artemisinin Project Came Together 

The Project ‘functions like a relay team- each organization passing the baton to the next.’

-Members of the Artemisinin Project, 2005 (“Anti-malarial”)


It was the summer of 2003 and the bubble of biotechnology had recently popped when five scientists from the University of California- Berkeley realized the prospects of their work.  As members of the emerging field of synthetic biology, Jay Keasling, Kinkead Reiling, and others of UC Berkeley had figured out a way to utilize the concepts of black boxing and parts arrangement as described prior to develop a synthetic microbial pathway that when placed in yeast formed a factory for the production of artemisinic acid without the use of the sweet wormwood plant.  In other words, they began to develop a way to produce the highly-effective antimalarial drug artemisinin without the necessity of harvesting a temperamental and low-yielding crop (Rayasam).  After hearing details of their intentions to make a business out of this discovery, Renuka Rayasam of the US News and World Report writes: 

Five scientists created a new way to make an antimalarial drug in their University of California-Berkeley lab and wanted to build a company around it. But when they considered the traditional path of asking venture capitalists for money, their ambitions hit a roadblock. The timing turned out to be all wrong.

This is when UC Berkeley and the iOWH came into communication.  According to John Maraganore, CEO of Alnylam Pharmaceuticals in Cambridge, Massachusetts, “There’s been a valley of death between research coming out of academic institutions and the capital needed to fund these companies,” as venture capitalists now wish to invest their money only in pharmaceuticals nearing FDA approval (Rayasam).  Thus, non-profits are now filling a monetary void and what was once an honorable business venture shifts to being the non-profit metabolic pathway of an NGO world.


According to Reiling, the money for artemisinin would have eventually become available, but the biotech-nonprofit marriage gave the Berkeley scientists “some breathing room” (Rayasam).  Thus, thanks to a grant of $12 million from the iOWH as taken from their Gates Foundation money, Amyris Biotechnologies, the child of this biotech-nonprofit marriage, was born. With one of its co-founders being Jay Keasling of the Berkeley bunch, Amyris is not a separate organization made for the soul purpose of being a middle man between the University and the iOWH for artemisinin production as is contrarily implied by the former baton passing analogy, but instead it is a brand new biotech firm that received a non-profit jump start.


With the intention of being able to use what it discovers through the Artemisinin Project as a platform for developing more lucrative drugs and biofuels, Amyris is paving the way in the field of technology in which it becomes possible for a corporate entity to seek profit and still greatly benefit the world.  Furthermore, the Gates Foundation money that is has received will actually serve to attract more investors in the future once the product grows closer to FDA approval that will not only help Amyris to build biotech connections, but hopefully help to hasten the distribution of synthetic artemisinin to where it is most needed (Rayasam).  The advantages of this relationship in the eyes of future drug investors are as follows: first, investors are able to receive inexpensive research due to the lack of high university royalties that, in this case, Keasling and other have promised not to charge for artemisinin; and, secondly, due to non-profit involvement, the number of competitive shareholders that can have stakes within the company has become limited (Rayasam).  Thus, made strong through the original Gates Foundation money and the vision of two separate organizations, a platform for what has been labeled as a collaborative effort under the name the Artemisinin Project was formed as UC Berkeley, Amyris Biotechnologies, and the Institute for One World Health have come together to deliver cheap, “artemisinin-type drugs… to the world’s poorest people.”

Like a Relay?: The Artemisinin Project’s Plan of Production and Mode Three


As detailed in prior sections, the Artemisinin Project runs on the premise that Jay Keasling and his UC Berkeley laboratories will be able to develop the precursor to a synthetic form of artemisinin referred to as artemisinic acid.   Following the development of this precursor, Keasling and his students intend to pass the baton to Amyris Biotechnologies who, with the help of the Berkeley Center for Synthetic Biology, will be responsible for optimizing the strain of artemisinin produced by Berkeley for commercial uses, while concurrently making it safe, inexpensive, and transferable into many forms of artemisinin-based drugs.  After this process is complete, the iOWH will work in the capacity of an artemisinin brokerage in developing commercialization strategies for getting the artemisinin to pharmaceutical companies that already have FDA-approved ACTs that can utilize this second source.  Furthermore, and as must be emphasized, throughout the project, the iOWH shall be responsible for “directing this collaborative effort” (“Artemisinin- Malaria Medicine”).  

However, due to its close alignment with SynBERC, one must ask, is the structure of the Project a true collaboration? True Mode 3 work?  While all organizations are concurrently working on different stages of the Project, as is shown in the timeline below, it must be analyzed as to whether or not the project plan is functioning to match with the rhetoric of the mode of engagement that guides them.


As defined prior, one key element of Mode Three engagement is that the actors are functioning in a state of collaboration, which can be defined as an “interdependent division of labor on shared problems” that are “commonly defined” (Rabinow and Bennett 6).  Thus, although the word ‘collaboration’ is used constantly by the Artemisinin Project to define the three organizations’ relationships to one another, it is arguable that they are using this term correctly based on the SynBERC system.  As a clear example, the Institute for One World Health has been dubbed as responsible for directing the collaboration of the organizations.  However, if such organizations were working symbiotically and/or interdependently with one another, it would be unnecessary to have one part overseeing the communication of all parts.  

This leads into the next point.  By simply examining the visual description of the Project as given above, one can see quite obviously by the color-coding and boxing that these three organizations are working separate from one another on separate tasks of which they each have their own largely unshared expertise.  In other words, it would not be a stretch to say that those working for the Institute of One World Health are not trained in the capacity of developing a metabolic pathway or, even further, in the language used to discuss such a development.  Thus, work cannot be done interdependently or mediated with full understanding and consensus as language is not shared and all groups are responsible for parts within their realm of knowledge.  Secondly, when examining the timeline it becomes clear that the involvement of one organization ceases after they have finished their part in the completion of the goal in order to “pass the baton” to the next.  In Mode Three collaboration, this involvement would not cease.

Furthermore, as alluded to earlier in describing the history of the Artemisinin Project, it becomes clear that, although similar, the goals of the organizations are not entirely, mutually defined and are thus not shared.  For the Institute of One World Health, the goal is to make drugs as inexpensive as possible to help those in the greatest need.  However, for UC Berkeley scientists, although absolutely intending to use their research to combat malaria, they are giving their licenses up royalty-free to the Project under the premise that they can use what they learn through this research to fund more lucrative pursuits as the future of Amyris Biotechnologies.   According to Kinkead Reiling of Berkeley, “… [The] upside for the company is we have an opportunity to use the technology for other ventures” (Rayasam).  Therefore, although the arrows of the timeline visually imply a continuous relationship among all groups, their cut-off points distinctly describe a moment when the actions of the Project become less of their immediate concern.

Furthermore, in direct contrast to SynBERC’s utopian four thrust model, the Artemisinin Project is in itself a three-prong approach lacking a forth thrust of human practices in their cooperation.  Concurrently, they are also not utilizing mode two ethical consultants, except when in coordination with organizations that do, such as work with the WHO’s Expert Committee on Malaria.   This lack of thrust four is easily seen in their selection of members for their advisory board: fifteen men and women, all and only within the science and pharmaceutical communities with the purpose of being consultants on their areas of expertise (“Advisory Board”).  With science monitoring science, the Artemisinin Project is arguably mode one with some mode two tendencies.  However, while it may not even seem necessary that Artemisinin Project make a collaborative place for human practices for it is a project that seems to not contain high security risks and has an arguably noble end, such real-time analysis could have been pertinent for recognizing the assumptions of the Project that may have large affects in its future efficacy.  Therefore, beginning with an analysis of the Project’s relation to pharmaceutical companies in the United States and continuing on to Ghana, a need for thrust four collaboration will become apparent.

Second Source Artemisinin in the Real World: Passing the Baton to Pharmaceuticals


In the FAQ section of the Artemisinin Project’s homepage, it is stated that “the Artemisinin Project does not necessarily plan to distribute the drug themselves, but instead sell this other source cheaply to pharmaceuticals for distribution” (“FAQ”).  Thus, through making this declaration and others, the Project is stating that they will not be personally responsible for distributing this drug to, as stated in their promising statement, “where it is needed most,” but instead plan to give it cheaply to pharmaceutical companies that already have patented FDA- and WHO-approved ACTs.  While many ACT variants are available, the WHO has only approved one ACT for distribution by UN-approved NGOs and for use with their monetary support in endemic nations.  This artemether-lumefetrine combination therapy is called Coartem from the pharmaceutical company Novartis and until recently was under patent monopoly (i.e. no generics were available) (“Novartis Coartem”).  It is the cost of this drug at $2.40 per treatment that is being cited when the Institute for One World Health references the high cost of artemesinin-based combination therapies.  Thus, with these facts aligned and a quick search on Google using the words iOWH and Coartem, it becomes clear that the pathway between the Artemisinin Project and pharmaceutical distribution is a pathway that leads right next door to the Emeryville-based Novartis Corporation. With Novartis having made a promise to the World Health Organization that they will distribute Coartem without intention of a profit, it would seem that efforts on the part of the iOWH to transfer second-source artemisinin will fall perfectly in line with the Project’s vision that a cheap source will equal the distribution of a cheap drug (“Novartis Coartem”).  However, a human practices framework would show that this is a pathway involving a great deal of trust on the part of distributors- a trust that has yielded problematic even when only using the original Artemisia annua.


As mentioned earlier, the cost of Coartem for developing nations as decided by the WHO agreement with Novartis is US $2.40 per treatment, a cost that in many African nations takes up nearly the entire budget that they feel they need to allot to their health care sector.  However, while this cost is already too high for Ghanaians that only make a salary around US $1,000 per year (Kwaku), this is not even the cost at which the drug is being distributed.  With massive mark-ups once the drug hits African pharmacies, a problem that is not necessarily the fault of Novartis, Coartem is actually being sold at an average cost of US $12 per treatment (“ACT Now”).  Cited earlier, in detailing these distribution problems Novartis explains the amount of lives that their drug is actually touching, despite the availability, when claiming, “During 2006, more than 62 million treatment courses of Coartem were delivered to more than 30 countries across Africa, helping to save an estimated 200,000 lives” (Novartis).  Obviously when 300-500 million people contract malaria annually, the low number of reaching only 200,000 people is not an issue of supply and demand.  Thus, close attention must be given to what is occurring in the pathway of the drug from the pharmaceutical company to the pharmacy.   Can Novartis do anything to stop these mark-ups, or does the fault lie with the very structure of the nations?  Will the Artemisinin Project’s promise of making drugs cheaper for people that need it most be respected by those distributing the fruit of their labor? Although these are not questions that can be answered here, an analysis of the situation of drug distribution in Ghana will show that many different pathways must be successfully traveled in order for second-source artemisinin to reach its people.

Ghana, Government, and Artemisinin


As described prior, malaria is a fact of life for Ghanaians, so much so that for a child needing to build resistance, contraction is nearly a rite of passage.  With that in mind, acts of prevention are only somewhat present and may involve the use of what, for the Ghanaian, are expensive bednets; however, many Ghanaians still believe that malaria comes directly from bad water (instead of being related to it) and thus focus their efforts in an oftentimes fruitless direction.  To reiterate further, oftentimes contraction of malaria is called simply a “fever,” or “feber” as stated by Max, and for Ghanaians may indicate any slew of ailments.  It is this prevalence of misinformation alongside plan implementation issues on the part of the government that leads to the resistances that may come into play on the pathway of second source artemisinin to the Ghanaian people.

As alluded to in the interview with Max and the analysis of the lived experience of a Ghanaian, the people of Ghana are under constant pressure from multiple sources such as poverty, famine, HIV/AIDS, geographic limitations, and so on that put a vast economic strain on the country and place the effective treatment of malaria somewhat on the backburner of costs for government spending.  To further the problems, Laurie Garrett describes how Ghanaians deal with a great deal of corruption, as “an amazing eighty percent of donor funds get diverted from their purpose.”  Furthermore, as this funding comes in for HIV/AIDS and malaria, there has been a decline in prenatal and maternal health care, the treatment of guinea worm, and measles vaccination efforts.  In regards, Ken Sagoe of the Ghana Health Service describes to Garrett how due to NGOs coming in and the economic disparities of the country, physicians are moving to more wealthier nations with 604 out of 871 Ghanaians trained as medical personnel between the years of 1993 and 2002 now practicing overseas.  This lack of trained-personnel has made it nearly impossible to fully implement new drug plans that require extensive training before prescription, as well as being the cause of an extreme deficit in the number of clinics that the country can keep open as 72 percent of clinics on average are unable to provide services due to a lack of providers.  As all of these factors came together embodied in one land, it becomes clear that Ghana’s attempt at implementing ACTs as their first course of treatment based on the WHO standards set out in 2004 was a clear-cut disaster.

According to the World Health Organization, “In 2002 Ghana adopted the new anti malaria drug policy based on ACTs and for the choice of drugs, the country strategically selected artesunate -amodiaquine on account of it's potential for production by local manufacturers among other factors” and ACTs were moved from being prescription only to over-the-counter  home treatments (“The New Anti Malaria”).  However, while this change may have occurred in 2002, it took until 2005 for an official policy change and thus consignments as provided by the WHO to begin their arrival.  However, these doses could not be administered for at least another six months as Ghana was behind on their required drug-administration training program (Shretta, et al. ix).  Meanwhile, the Ghana National Drug Program had taken the initiative to register a locally-produced, likely untested artesunate –amodiaquine and made it available to private distributors.   At 600 mg, this procured and local ACT had much higher doses of amodaquine than the WHO felt safe for consumption (ibid 8).  Patients, much like Max and his hallucinations, began having severely adverse drug reactions to the locally produced combination and a massive public campaign against ACTs ensued (ibid ix).  In describing the effects of this misusage, members of The Global Fund write: 

As a result, compliance with the new policy has been poor at all levels of the public health system, although training and communication to counter the negative press were undertaken. Behavior change communication strategies are needed to address this concern (ibid ix).

In sum, there has now been a cultural road block placed on the pathway of ACTs to the Ghanaian people.  Efforts to counteract this have ensued, as even Novartis is giving out Coartem to the Ghanaian people to examine their response to a different mode of drug facilitation, namely in coordination with the administration of free measles vaccinations (Chinbuah, et al.).  However, while efforts are strong, it can be estimated that it will be a great deal of time before the Ghanaians are open to trusting this form of anti malarial again.

Conclusions

Through an analysis of the plan of the Artemisinin Project and its potentiality of fulfilling its promise to the people of Ghana- the people that need it most, it becomes clear that many obstacles are standing in the way.  First, although utilizing the words of collaboration and the ideas of SynBERC, the members of the Artemisinin Project are working more cooperatively and with goals that are, although similar, not 100 percent shared, whilst simultaneously lacking in ethical advising.  Furthermore, the plan of having the cost of artemisinin go down through providing a cheap, bulk source to drug producers seems, at least currently, to be dependent on the pricing choices of organizations that may not share their exact vision.  Lastly, as is evident in our case study of Ghana, the control for malaria is not as simple as providing an inexpensive drug, but is also dependent upon the values, perceptions, and institutions of the people affected by the disease. 

Group Conclusion

As delineated in this paper, the pathways of illness are not simply the metabolic pathway that causes infection or the drug that cures it, but pathways of cultural perceptions, of legal codes, of organizations and their relations, and spatial pathways that traverse the globe.  As drawn out earlier with examples such as the implementation of ACTs and Ghana or the inability for once commonly-utilized antimalarial drugs to cure malaria's current victims, these pathways often come into collision with different forms of resistance that must be understood in order for control to be possible.   This is made clear throughout with an analysis of the plans for first the eradication of malaria and second, once resistance against eradication grew too strong and necessary national pathways became severed, the movement for simply control of the disease.  For our case study of the Artemisinin Project in its place within the ever-reinvented realm of synthetic biology, it seems clear that those involved must be ever so vigilant to tackle emergent possibilities, situations and problems. Their abilities aside, it is their will mitigate these problems that remains to be seen.
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All names have been changed.


 
Drugs for curable diseases such as: malaria, tuberculosis and etc.  From now on, if I mention medical drugs in the developing countries I am referring to drugs for curable disease which I mentioned above


 
If limited numbers of pharmaceutical companies developed specific drugs, then they are going to put their products on the market with high prices.  This is done so to make profit.  


 
To concentrate is expenditure on reconstructing Europe’s economy after WWII.  Increase prices in exports and imports.  Make it difficult for poor countries to import products such as medical drugs.  


 
The November 2001 Doha Declaration on the TRIPS Agreement and Public Health was adopted by the  HYPERLINK "http://en.wikipedia.org/wiki/WTO_Ministerial_Conference_of_2001"WTO Ministerial Conference of 2001 in  HYPERLINK "http://en.wikipedia.org/wiki/Doha"Doha on  HYPERLINK "http://en.wikipedia.org/wiki/November_14"November 14,  HYPERLINK "http://en.wikipedia.org/wiki/2001"2001. It reaffirmed flexibility of  HYPERLINK "http://en.wikipedia.org/wiki/Agreement_on_Trade-Related_Aspects_of_Intellectual_Property_Rights"TRIPS member states in circumventing  HYPERLINK "http://en.wikipedia.org/wiki/Patent"patent rights for better access to  HYPERLINK "http://en.wikipedia.org/wiki/Essential_medicines"essential medicines.  In Paragraphs 4 to 6 of the Doha Declaration, governments agreed that: 4. The TRIPS Agreement does not and should not prevent Members from taking measures to protect public health. Accordingly, while reiterating our commitment to the TRIPS Agreement, we affirm that the Agreement can and should be interpreted and implemented in a manner supportive of WTO Members' right to protect public health and, in particular, to promote access to medicines for all.  In this connection, we reaffirm the right of WTO Members to use, to the full, the provisions in the TRIPS Agreement, which provide flexibility for this purpose.  5. Accordingly and in the light of paragraph 4 above, while maintaining our commitments in the TRIPS Agreement, we recognize that these flexibilities include: (a) In applying the customary rules of interpretation of public international law, each provision of the TRIPS Agreement shall be read in the light of the object and purpose of the Agreement as expressed, in particular, in its objectives and principles.  (b) Each Member has the right to grant  HYPERLINK "http://en.wikipedia.org/wiki/Compulsory_license"compulsory licenses and the freedom to determine the grounds upon which such licenses are granted.  (c) Each Member has the right to determine what constitutes a national emergency or other circumstances of extreme urgency, it being understood that public health crises, including those relating to HIV/AIDS, tuberculosis, malaria and other epidemics, can represent a national emergency or other circumstances of extreme urgency.  (d) The effect of the provisions in the TRIPS Agreement that are relevant to the exhaustion of intellectual property rights is to leave each Member free to establish its own regime for such exhaustion without challenge, subject to the MFN and national treatment provisions of Articles 3 and 4.  6. We recognize that WTO Members with insufficient or no manufacturing capacities in the pharmaceutical sector could face difficulties in making effective use of compulsory licensing under the TRIPS Agreement. We instruct the Council for TRIPS to find an expeditious solution to this problem and to report to the General Council before the end of 2002."  These provisions in the Declaration ensure that governments may issue compulsory licenses on patents for medicines, or take other steps to protect public health (Braithwhite and Drahos).


 
In a compulsory license, a government forces the holder of a  HYPERLINK "http://en.wikipedia.org/wiki/Patent"patent,  HYPERLINK "http://en.wikipedia.org/wiki/Copyright"copyright, or other  HYPERLINK "http://en.wikipedia.org/wiki/Exclusive_right"exclusive right to grant use to the state or others. Usually, the holder does receive some  HYPERLINK "http://en.wikipedia.org/wiki/Royalties"royalties, either set by law or determined through some form of  HYPERLINK "http://en.wikipedia.org/wiki/Arbitration"arbitration.  A parallel import is a non- HYPERLINK "http://en.wikipedia.org/wiki/Counterfeit"counterfeit  HYPERLINK "http://en.wikipedia.org/wiki/Good_(accounting)"product imported from another country without the permission of the  HYPERLINK "http://en.wikipedia.org/wiki/Intellectual_property"intellectual property owner. Parallel imports are often referred to as  HYPERLINK "http://en.wikipedia.org/wiki/Grey_market"grey product, and are implicated in issues of  HYPERLINK "http://en.wikipedia.org/wiki/International_trade"international trade,  HYPERLINK "http://en.wikipedia.org/wiki/HIV/AIDS"HIV/AIDS management, and  HYPERLINK "http://en.wikipedia.org/wiki/Intellectual_property"intellectual property.  The practice of parallel importing occurs because companies, either the manufacturer or the distributor, set different price points for their products in different markets. Parallel importers ordinarily purchase products in one country at a price (P1) which is cheaper than the price at which they are sold in a second country (P2), import the products into the second country, and sell the products in that country at a price which is usually between P1 and P2. See  HYPERLINK "http://en.wikipedia.org/wiki/Arbitrage"arbitrage (ibid).


 
For America’s pharmaceutical industries.  


 
This is not the only grant that iOWH received from the Gates Foundation, but one of many directed at specific goals.


 
Just for you, Dr. Rabinow.  We attempted to find a correlation between this money and military spending and although not blatant, we did discover one interesting fact: When asked to disclose the breakdown of their nation’s budget, “… details of the budgetary requests of the armed forces were not disclosed” and arms dealings were alluded to (Kwesi 11).  It is quite likely that there is a connection here to be made.
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