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Operator:  Good day and welcome to the National Institute of Allergy and Infectious Diseases Web seminar on Malaria Research: Yesterday, Today and tomorrow.  This conference is being recorded.  At this time, I would like to turn the conference over to Ms. Laurie Doepel.  Please go ahead.  

Laurie Doepel:  Good morning.  I'd like to welcome everyone on the phone joining us today.  I am Laurie Doepel, media coordinator at the National Institute of Allergy and Infectious Diseases or NIAID, which is part of the U.S. National Institutes of Health.  NIAID has a long standing program in malaria research and today's speakers will briefly highlight some key events in NIAID's malaria research history and describe the institute's current focus and future directions in malaria research.  There will be ample time throughout the Webinar for you to ask questions and the operator will instruct you how to do that.  

I'd now like to introduce NIAID director, Dr. Anthony Fauci, the moderator, who will open the Webinar with his talk, ‘NIAID Investment in Malaria Research.' 

Anthony Fauci:  Thank you very much, Laurie, and welcome, ladies and gentlemen, to the Webinar on Malaria Research: Yesterday, Today and Tomorrow.  We have six speakers for you today.  I'm going to start off with a broad overview introduction.  The way we're going to have this roll out is that after each talk, which would be approximately 10 minutes or less, we'll entertain some questions that need immediate answering, specifically for the talk, but then we'll have ample time after the totality of the presentations to have a broad general discussion, which I'm sure will overlap from subject matter to subject matter.  But we will allow a couple of questions right after each presentation.  

So with that, why don't I start right off and talk a bit about the broad picture of the malaria research and research agenda for NIAID. One cannot begin to do that without first giving you a feel for what most of you already know of the extraordinary global burden of malaria.  On the slide that you see in front of you, for those of you who have the visual slides, the burden of malaria is a little bit less than a million deaths per year.  You know most of these are in children in Africa less than five years old.  There are over 100 countries in which malaria is present, namely about half of the population of the world is at risk, and there are close to 250 million malaria cases each year.  

The incidence of malaria per 1000 population is shown in the slide here, which is a map of the world showing the geographical distribution of what is commonly referred to as the malaria belt around the world: namely, those countries in the tropical and the subtropical regions.  As you can see, the dark colors on the slide are for the most intense estimated incidence of malaria centered mostly in central and Sub-Saharan Africa.  

Just a couple of quick facts that will inform some of the discussions that will be given by others in a few moments.  As you know, malaria is caused by a parasite, the Plasmodium parasite.  It's transmitted via the bite of the female Anopheles mosquitoes, and there are a number of different subgroups of both the parasite and the mosquitoes, which you'll hear about in other presentations.  Malaria is not a single disease in the sense that its manifestations vary from what we call uncomplicated malaria, which is what we generally think of when we think about malaria with fever, headaches, cold, shivering, et cetera.  But there is also very severe malaria which is characterized by cerebral malaria with seizures and comas.  You can go on to pulmonary edema, coagulation abnormalities, cardiovascular collapse and kidney failure. We'll be hearing a little bit more about the pathogenic mechanisms associated with that.  

The investment in malaria is substantial, but certainly could be more.  As you see on this slide, which indicates in a pie diagram, the total global investment in malaria as of 2007 was about $1.9 billion.  Of note is that the investment in the control of malaria is, in fact, not just research and not just non-research areas.  There are areas in the control and treatment, and again, we'll be hearing a little bit more about that. But there is a slice of the pie, which we will focus on for today's discussion, and that is research and development, which comprises about 23 percent, or $422 million.  Again, as you can see on the slide, there are a number of players in the research and development agenda, including the NIH, which is a major player in that, and the Department of Defense, the Gates Foundation, and others that are listed on this slide.  

If you look at the breakdown within the subgroup that is the research and development component, as you can see on this pie diagram, drugs, as you might expect, consume a major portion of the effort of the research and development, with basic research being second, and then vaccines third.  Research on drugs is almost 50 percent of the entire package, and we'll hear a bit more about the issue with drugs as others speak on their specific topics.  As I mentioned a moment ago, NIAID is overwhelmingly the major contributor to the effort in malaria research at the NIH, and that effort is substantial and has been growing.  
The NIH effort, as of 2008, was $132 million in research on malaria. But I want those who follow the NIH story to note that the NIH budget has been flat over the last five years, since the end of the doubling in 2003.  Because of our selective prioritization of malaria among other important priorities, you can see that the malaria resources have actually grown at the NIH over that period of time.  How do we spend the money?  If you look at NIAID, as I mentioned, which is about $112 million of that $132 million, we have a strong emphasis on vaccine development, but a considerable amount also on pathogenesis and drug development, but less so on diagnostics and vectors.  We'll talk about each of these subjects in some detail as we go on.  

There has been an extraordinary rising interest in malaria research, and we are seeing that over the last decade, but particularly intensively over the last few years with Congress, the Global Health Council round table for malaria, the Bill & Melinda Gates Foundation, our own working groups, as well as a number of public/private partnerships.  

I want to point out something that happened a year ago last fall, which was October of 2007. Many of us were present at a very important forum in Seattle, which was called by the Bill & Melinda Gates Foundation. They made the very bold challenge of declaring the goal of eradicating malaria because we can eradicate malaria.  And that is a challenge that has been tried in the past and with some frustrations.  Again, when you think about malaria, you think about control, which is the first step, elimination, which is the second step, and then eradication, which many are skeptical about, understandably. The good thing that evolved out of this was the fact that this got people very energized and galvanized about how we could at least make this a goal.  

With that came a group from that meeting--and you'll be hearing more about this group--called the Malaria Eradication Research Agenda, or MalERA, which is a process to develop a multi- disciplinary global agenda for malaria eradication.  NIH and NIAID is an important part of that process…and the goal is to build consensus and to force the collaborations.  This is not going to be anything that dictates what type of research is done.  It's going to be a way of communicating with each other and making this a multidisciplinary process.  

The path to malaria control through the research agenda that we follow is fourfold: drug development, vector control, diagnostic tests and vaccine development. Again, you will be hearing more specifics about that.  The NIAID has put together both a strategic plan and a research agenda that were published in April of 2008, a year ago almost exactly.  It's on our Web site.  It's easily available for you to peruse through.  With regard to the goals of the research agenda, they're listed on this slide. First is to understand the very complex interactions among the malaria parasite, the vector and the human host; to develop new prevention and control strategies; but importantly, to enhance the national and international research training infrastructure.  We need to get new, fresh, young blood thinkers into the malaria endeavor, and that's a very important part of our effort.  

And then, finally, we've broadened our scope and become much more flexible in this new area of dynamic change in addressing malaria.  I have listed five areas on this slide to contrast and compare with our new International Centers for Excellence in Malaria Research approach, which if you look at what we've done in the past, it was somewhat narrowly focused and usually concentrating on single disciplines.  Now, we're looking at it in a multidisciplinary way with a dynamic, interactive approach, for example, wedding pathogenesis with malaria drug development, with vaccines.  We looked at epidemiology in a somewhat homogeneous way, now we know it's in a very dynamic flux.  All people involved in malaria know that.  We've concentrated almost exclusively in the past on Plasmodium falciparum.  If we're going to eradicate malaria, we really must concentrate not only on falciparum, but also on Plasmodium vivax and other of the malaria species.  The same holds true for the Anopheles gambiae vector.  We've got to go beyond Anopheles gambiae, as well as to other vectors, and our geographic focus must instead of being fundamentally Afro-centric, needs to be regional and global, including  South America, the Caribbean, Asia, et cetera.  

So that's the broad, big overview for the situation as it stands with malaria and how we, as a research institute, will try to approach this. As I mentioned, we'll give you some important details on each of the things that I've touched on briefly.  So with that, I'll stop and I'd be happy if you would like to answer questions that you need immediately answered on the broad approach that I've just given.  

Operator:  Thank you.  If you would like to ask a question at this time, please press the star key followed by the digit 1 on your touch tone phone.  If you are on a speakerphone, please deactivate your mute function before signaling.  Once again, that is star 1 and we'll pause for one moment to give everyone a chance to signal.  And we'll take our first question from Steven Greer from ‘The Healthcare Channel'.  Please go ahead.  

Steven Greer:  Yes.  Can you mention some of the specific therapies, whether it's a vaccine or a drug, that the NIH is funding clinical trials on?  And is the commercial pharmaceutical industry assisting you?  

Anthony Fauci:  We have partnerships with the pharmaceutical companies.  For example, the leading vaccine candidate, which you'll hear a little bit more about, of GlaxoSmithKline, a lot of the fundamental basic research on virtually all of that is funded by the NIH, not only intramural scientists who work here at the NIH, but a large number of grantees.  The same thing holds true with drugs.  So we do the fundamental research that really gets passed on to the drug companies and others who develop the products that our fundamental basic research opens the door to.  We also have a number of clinical trials at various stages, Phase 1, Phase 2 and others and Lee, you want to just quickly comment a bit on that?  

Lee Hall:  Yes.  

Anthony Fauci:  This is Lee Hall, who is one of our NIAID people who manage the extramural research program.  

Lee Hall:  So I'll talk more about this later when I give my presentation, but at the present time, we actually do support a number of clinical trials, Phase 1, in vaccines here in the U.S.  We also have clinical trial sites overseas where we are also testing candidate vaccines and we are also, obviously, very much involved in the drug development effort.  In fact, John Rogers will be talking more about that.  A substantial number of the new compounds that are being developed actually have come out of NIH-supported research and are now being developed through public/private partnerships.  

Next question.  

Anthony Fauci:  That's it.  OK.  So we'll move on.  The next speaker is John Rogers, who will talk about free clinical parasite drug development programs.  He is our officer in the parasitology international programs branch of our division of microbiology and infectious diseases.  

John Rogers:  Hello, everyone.  So yes, I am John Rogers.  I will introduce to you basic aspects of parasitology and then aspects of translational research that can lead to vaccines and, in particular, drug discovery.  
So we can’t go very far in malaria without introducing the life cycle of the malaria parasite.  It's a complex organism, it has two hosts, and I'll try and go through this quite quickly.  So there are four, perhaps five major species of the malaria parasite, Plasmodium, that infect humans. On the diagram here in the slide, you have on the left-hand side the human host, on the right-hand side, the mosquito vector.  …from one to six on the slide, starting at the bottom at number one, the parasites all share common features of a complex life cycle that's in two hosts.  Slide 1, you can consider the infection process starting with a bite and an infected mosquito.  It feeds on a human, injects parasites of a motile form, called sporozoites, and these rapidly migrate to the liver and invade liver cells.  

If you go around to number 2 on the slide, over a period 5 to 16 days, it depends on the species, sporozoites grow, divide and produce tens of thousands of (merozoites) per liver cell.  The complication of the malaria parasites Plasmodium vivax and Plasmodium ovale remain dormant in the liver for extended periods of time, and this can lead to relapses weeks, if not years, later.  If you go around to number 3 on the slide, the (merozoites) exit the liver cells and enter the bloodstream and begin a cycle of invasion.  This is called asexual replication, and over a period of one to three days, again, it depends on the species, multiplication can result in thousands of parasite- infected cells in the host.  And this stage is responsible for all the clinical symptoms of malaria. However, some infected red blood cells, and this is going to number 4 on the slide, leave the cycle of asexual replication and instead form sexual stages, and these are male and female gametocytes.  These are taken up by the mosquito and continue their replication in the mosquito stages, and those are stages 5 through 6 on your slide.  The cycle of human infection then restarts when the mosquito takes a blood meal, injects sporozoites from its salivary glands back into the human bloodstream, and that continues the infection.  

On the next slide, I want to highlight some of the major milestones of malaria research supported by NIAID.  I'll just go through a couple of these real quickly.  So malaria research funded by NIAID has had a major impact on malaria research over the last 40 years or so.  For example, if you go to the second bullet, in the 1970s, a laboratory culture system of the malaria parasite Plasmodium falciparum enabled access to the biology of the parasites and identification of new vaccine and drug targets.  We continue to the 1980s, going the second bullet on there, which is a genetic cross of Plasmodium falciparum, enabling mapping of complex traits such as drug resistance and parasite virulence.  If we move to the 1990s, a more detailed genetic map of Plasmodium falciparum leads us to the identification of genetic basis for antigenic variation and chloroquine resistance.  If we move now to this decade, in 2000, we have major accomplishments in the sequencing of the Plasmodium falciparum and Plasmodium vivax genomes and likewise, the sequence of the major African vector for malaria, that's Anopheles gambiae.  So you've now completed the triad of human parasite and vector sequences and this enables a much more complete picture of research that can lead to novel interventions.  

So in conclusion, I want to summarize the major challenge that exists today in the malaria research.  Again, it's a large genome, life cycle in two hosts, some of the life cycle stages cannot be grown easily or manipulated in a lab, there are multiple species of malaria and even within Plasmodium falciparum itself, there's extreme variation and this creates complications in drug development and also in vaccine development.  As discussed by Doctor Fauci, NIAID has addressed these challenges, both in a strategic plan for malaria research and a research agenda that was published last year.  

To try and stimulate malaria researchers and new malaria research into the field, and also assist existing malaria researchers, we've tried to provide resources that are available to researchers worldwide.  So on this slide, I have shown a couple of examples.  We have the Malaria Research and Reference Reagent Resource Center, called MR4, which can provide parasite and vector resources to researchers worldwide.  We provide a genomics resource so it can use the genome sequences both for the parasite, that's PlasmoDB, and for the vector, it's called VectorBase, and also, other sorts of enabling technologies.  Similarly, we provide immunologic resources through the NIH Tetramer Core Facility, and we also have resources for preclinical and clinical development of drug and vaccine candidates.  

So let me turn now to drug discovery, I will introduce some aspects of preclinical drug discovery.  So first of all, why do we need new drugs?  Well, the malaria treatment, itself, will be discussed by Dr. Wellems later in this Webinar, but we need new drugs because there is a resistance to almost all known anti-malarials and in particular, the devastating effect chloroquine resistance has had on malaria control efforts.  We not only need new drugs, we need new classes of drugs; however, there's a problem because of the lack of commercial incentives to develop new drugs-- drug development in malaria historically has been not easy.  Now, in the last 10 years, increased resources and expertise, and particularly from large pharma involvement in public/private partnerships, has really accelerated drug development and also brought our research that is perhaps of a little more fundamental nature to enable drug discovery for malaria.  

I want to give just a couple of examples here, I'll touch on these briefly.  These are examples of new classes of compounds that have been developed with NIAID fundings.  So for example, AT13 is now currently in Phase 2 clinical trials in Mali, or scheduled to be shortly.  Likewise, I've given a couple of examples here of novel classes that are perhaps earlier in development, in preclinical development or even earlier stages.  But we will have new classes of anti-malarials hopefully on the horizon before too long.  

I summarized this in a global malaria portfolio.  This is from this last quarter of last year.  So I've highlighted in red, in the red circles, I've highlighted some projects that have NIH or NIAID funding, and it actually works out about 1/3 of the overall global malaria drug portfolio has some NIH funding.  It goes from early or fundamental research, that's in the yellow shading, through translational research, that's in the green shading, finally to development and registration, that's in the blue shading.  However, with the attrition in drug discovery, I'll caution you that it's important to maintain research to support this pipeline because these projects, at least some of these, are likely to be falling out of the pipeline.  

So to summarize and this is my last slide, there are still major research questions that need to be addressed to develop novel interventions.  For example, we don't have culture systems for many of the life cycle stages and in particular, for Plasmodium vivax.  There are more than 5,000 genes in the malaria parasite, and 50 percent of them are of unknown function.  So we really do not have a complete picture of the biology of the parasites, but we need to discover new drugs and new vaccines.  However, with new tools and new partnerships to develop new interventions, we can accelerate the research findings to the field.  And I'd be happy to entertain questions.  

Operator:  And as a quick reminder, if you would like to ask a question, it is star 1 at this time.  Star 1.  

John Rogers:  No questions.  

Operator:  And we have no questions from the phone lines.  

Anthony Fauci:  OK.  If not, let's move on to the next presentation, which will be given by Adriana Costero.

Adriana Costero:  Good afternoon.  My name is Adriana Costero.  I am the vector biology program officer at NIAID and today I would like to talk to you about novel approaches to malaria control, why they're necessary and how the research NIAID is supporting currently on vector biology will help inform these novel approaches to vector control.  

The way malaria has been controlled in the past and is being controlled currently is basically focusing on the vectors, and the three approaches that have been used somewhat successfully to control the vector include indoor residual spraying, or IRS, which basically consists of spraying insecticide inside the walls of houses or huts, and then when the mosquitoes after feeding rest on these insecticide-covered walls, they die or get irritated and leave the house.  That's been one approach that has been used for a long time, and although it is effective, it can have problems of leading to resistance, insecticide resistance.  The other approach that has been used also quite successfully is the use of bed nets.  The problem with the bed nets is that if they're not used or they're not used adequately, this protection does not exist.  And thirdly, environmental modification has also been used where it consists of draining bodies of water where Anopheles mosquitoes lay their eggs.  The problem with this approach, obviously, is that the environmental and ecological impact is not desirable.  So although we have three approaches that historically have worked well to control vectors of malaria, these approaches have challenges that we have not been able to overcome.  

Another challenge, besides resistance and ecological impact, is the aspect of sustainability.  These approaches, in particular the indoor residual spraying, are very expensive to sustain and governments in disease endemic countries usually don't have the funds to continue doing this at infinitum.  So we do need new approaches to malaria vector control that will hopefully be sustainable, that will not develop resistance and that will not affect the environment.  

So in the last 20 years or so, the use and availability of powerful molecular tools and techniques have made novel approaches more of a reality in terms of vector biology.  In this day and age, we can understand the molecular and genetic interactions of both the parasite and the vector at a level that we could not do before.  So these molecular tools have allowed investigators to become very creative in thinking about novel ways to try to eliminate or reduce vector populations.  The NIAID research portfolio in vector biology can be divided into two broad areas: one of them is mosquito ecology and behavior, the other one is mosquito-parasite interactions, and I'll describe those in a minute.  And this portfolio is very broad in terms of the diversity of projects:  they include basic and translational research, projects in the field, projects in the lab, as well as domestic and international research programs. 

So in terms of the mosquito ecology and behavior, why is it important to study these aspects of the vector?  Female mosquitoes must lay their eggs in aquatic habitats.  However, there are still questions as to why mosquitoes choose to lay their eggs in certain areas and not in others.  What kinds of cues are available to the female mosquito that tells her that she should lay their eggs in one particular body of water or in another?  We don't know if the females lay all of their eggs at the same time or if they spread them around in different bodies of water, and this knowledge is important because the use of larvacides could be enhanced if we understand this part of the behavior of the mosquito.  The other aspect that's very interesting is when females emerge from the pupi in the water, they must feed on sugar in order to get energy to fly and look for a host to blood feed on.  So sugar feeding is another behavior aspect of these mosquitoes that has now become potentially interesting in terms of developing perhaps traps where if we understand the flowers or the types of nectar that the females prefer, we can perhaps develop traps that will attract the females and perhaps kill them or develop substances in the nectar that may kill parasite inside the female.  

In terms of host-seeking, females have a very complex array of organelles in their antenna and in their proboscis that allow them to differentiate a human host from other vertebrate hosts, like let's say a cow or a pig or a horse, which in some countries are very in close proximity to where people live.  So how do female mosquitoes find humans?  How do they know they're feeding on a human versus a horse or a cow?  How do they recognize that they can start blood feeding on their preferred host, which is a human, and what are the cues that we, as humans, offer mosquitoes to allow them to find us?  If you can resolve some of these questions, we may be able to develop better repellants, for example, or better ways to block females from biting us.  

In terms of the mosquito-parasite interaction portfolio, here I have included a picture of a mosquito and inside of its stomach you can see the complex series of developmental stages a parasite must undergo in order to develop inside the mosquito.  In the upper right-hand corner, there's a picture of an ookinete, which is a stage of development of the parasite, on top of the membrane, the wall of the stomach, the midgut of the mosquito.  How does this parasite, in its very small size, manage to find the wall of the midgut inside a gut that's full of blood?  How does this parasite identify the area of the midgut it must invade in order to cross over this membrane and develop to its next developmental stage?  If we can understand these molecular interactions, we can perhaps develop targets for drugs or vaccines that may block the transmission of parasites.  

On the lower right-hand corner, I've included an EM photograph of the oocysts, which are the stage of the parasite in which the sporozoites develop.  Sporozoites are the stage that's transmitted from the mosquito to the human, and as is indicated in this cartoon, when the sporozoites are mature, the oocyst will explode, literally, and sporozoites must swim through the hemocoele of the mosquito to find the salivary glands, which they must invade in order to be transmitted.  How do these sporozoites identify the salivary gland tissue inside the body of a mosquito which is full of other tissues?  The midgut, the ovaries the intestines:  How do these small parasites swim and find this organ, the salivary glands, which they must invade for transmission?  
On the left-hand side of the picture, I've included a picture of a salivary gland of a mosquito.  You can see they are tri-lobed, they have three lobes, and you can see that the greenish part is actually hundreds, if not thousands, of sporozoites that have preferentially invaded that lobe of the salivary gland.  So is there some sort of receptor or something on the salivary gland that tells the sporozoites, that attracts them to that part, so that they can be successfully transmitted?  So we still have a lot of questions regarding the interaction of the parasite and the vector, and if we can find answers to this, perhaps we can find ways to target the parasite's development within the mosquito.  

So just to conclude, I hope that you have now a better sense of the importance of studying vector biology, ecology and parasite-vector interactions and how vector ecology and vector biology are an essential component of malaria control.  Thank you.  

Anthony Fauci:  Thank you, Adriana.  Do we have any questions?  None?  OK.  If not, we'll move on to the next speaker, who is Rick Fairhurst.

Rick Fairhurst:  Good afternoon.  My name is Rick Fairhurst and I work in the newly established Malaria Pathogenesis and Human Immunity Unit in the Division of Intramural Research at NIAID. The goals of this new unit are twofold: the first is to better understand the pathogenesis of Plasmodium falciparum malaria.  In other words, how do these parasites cause severe malaria and death.  And the second goal of this unit is to improve our understanding of how genetic mutations, such as sickle cell and the naturally acquired immunity, also protect against death from malaria.  

So in order to understand the pathogenesis of malaria, one must first appreciate the fact that there are several outcomes of parasite infection.  In the areas of Mali, West Africa, where we work, children can be seen running around villages playing soccer with parasite densities as high as 330,000 parasites per microliter of blood.  These kids, during a transmission season, will variously progress to develop fever and other symptoms of mild malaria, such as headache, body aches and malaise, and for reasons we're only beginning to understand, a very small proportion of these children will progress to develop severe complications of disease, such as coma, convulsions, severe anemia and respiratory distress.  

Now in children who die from malaria, it's possible to examine autopsy specimens of the brain and other vital organs.  What we see, shown here, are the capillaries and microvessels are packed with parasitized red blood cells. In this schematic of what's going on in the microvessel, we see two major interactions.  The first is the parasites are binding the endothelial cells which line the blood vessel's walls, and also blood monocytes that traffic through these microvessels bind to parasitized red blood cells.  Both of these interactions cause inflammation, and we believe that the strength of this interaction, in other words, how strongly the parasites are binding host cells, causes degrees of inflammation that if they get high enough, cause severe malaria and death.  

So why do believe that these interactions are important?  What we've done is take a lesson from Mother Nature.  There are areas in West Africa, for example, where one out of three children carry the sickle cell trait, and our research program is inspired by one very well known, well accepted observation that has been made repeatedly over the last 50 years. That is, if you are a young African child with sickle cell trait, you are almost completely protected against dying from malaria.  
Now what is sickle cell trait?  Shown here is a hemoglobin molecule, which consists of four subunits, each of which carries oxygen from the lungs to the tissues.  If in this complex protein, if it becomes mutated – a single amino acid, shown here -- it converts normal hemoglobin A to sickle hemoglobin S.  And we thought that understanding the mechanism by which sickle cell trait protects against severe malaria and death could inform us as to how we might recapitulate that protection in the form of a therapeutic or vaccine.  

So working in Mali, I'll give you just a flavor of the kind of studies that we do.  Just last year, in May 2008, we enrolled from three African villages a total of 1,250 Malian children of all ages. When we look at the red blood cell mutations that they carry, we find that in addition to hemoglobin S, which I have mentioned, they also carry other red blood cell mutations, which I don't have time to go into, but they're known as hemoglobin C, alpha thalassemia, and an enzyme disorder called G6PD deficiency.  All of these mutations are known to block the progression of disease from mild to severe malaria and, in essence, in this one village in which we study, we've determined, based on these data, that half of all Malian children have one or more red blood cell mutations that are believed to protect them against death from malaria.  

Now the impact of NIAID's clinical research activities on these 1,250 malaria children is astounding in and of itself.  In the last transmission season, spanning five months, we diagnosed and treated nearly 800 episodes of mild and severe malaria.  Historically in this village, we have been told that roughly 20 to 30 children die each year from malaria related deaths, and last year,  because of our presence there, we were able to save all 80 of these children.  Typically, any where up to 80 percent of children who develop severe malaria will die without prompt and effective anti- malarial therapy.  

Now the NIAID clinical research activities also succeed in building research capacity in undeveloped countries, such as Mali, and as seen here in the before and after pictures, we've revolutionized the landscape – the research landscape  – at the University of Bamako in Mali.  These laboratories allow us to essentially do most of the assays that we do here in the United States and also give us a place to work and train with Malian students and colleagues.  Our work in this laboratory is greatly facilitated by a clinical research field site three hours away that enables us to obtain naturally circulating parasites, many different isolates, as well as a number of red blood cells carrying various mutations.  

Now in this laboratory, we had shown that sickle trait protects against severe malaria in our field site.  To begin understanding the mechanism of that protection, we hypothesized that if these cytoadherence interactions -- parasites binding to endothelial cells, parasites binding to monocytes -- are so important in the development of severe, life-threatening malaria, then sickle cell trait would protect against death from malaria by impairing these same interactions -- and that is exactly what we found.  Compared here to parasitized AA [meaning erythrocytes containing two copies of the normal adult hemoglobin A gene] or normal erythrocytes, we see reductions in the binding to both endothelial cells and monocytes. The molecular basis of that is a decrease in the amount of this molecule in green here called PFENP1.  This is the protein that the parasite puts on the surface of the red blood cell that mediates attachment to host cells.  

So the three take home messages of this presentation, if I have to sum them up very succinctly, are first, cytoadherence interactions kill people; second, sickle trait, a genetic mutation, prevents death from malaria by impairing these same interactions; and third, is the fact that sickle trait was naturally selected for this protection.  These facts lead us to believe that efforts aimed at developing therapeutics or vaccines that also impair these interactions would actually reduce malaria mortality.  

Now with this final slide, I just want to introduce you to a major new NIAID initiative involving studies of malaria pathogenesis in Cambodia.  Why are we working in Cambodia?  Well, the first reason is that we have access to different parasite isolates and different red blood cell mutations, such as hemoglobin E, in Cambodia with which to confirm any of our interesting findings in Mali.  The second reason is that Cambodia provides us access to 
Plasmodium vivax parasites.  Plasmodium vivax causes about half of the world's malaria burden, but vivax malaria parasites are not available to us in Mali because that parasite is not transmitted there.  And finally, it gives us access to the Thailand-Cambodian border where multidrug-resistant falciparum is emerging, which Dr. Wellems will discuss after my talk.  

So just to give you a flavor of what we've done since 2005, we've diagnosed and treated 1,000 cases of mild and severe falciparum malaria and were able to show for the first time, using data from this study that hemoglobin E, a genetic mutation carried by 40 percent of Cambodians, protects against death from malaria.  And finally, we've initiated two five-year studies here of vivax malaria where we've diagnosed and treated 350 cases.  

With that, I'd be happy to take your questions.  

Anthony Fauci:  Thank you very much, Rick.  Any questions for Dr. Fairhurst?  

Operator:  As a reminder, if you would like to ask a question at this time, please press the star key and the digit 1.  Star 1.  

Anthony Fauci:  No?  OK.  Thank you, Rick.  If not, we'll move on to Dr. Tom Wellems.  

Tom Wellems:  Good afternoon.  This is Tom Wellems.  I work here in the NIAID research labs on the NIH Bethesda, Maryland, campus where I am chief of the Laboratory of Malaria and Vector Research --  vector in this case meaning largely mosquitoes.  

As background for my talk, I'd like to show this slide from some World Health Organization and UNICEF maps some years ago.  If you look at the sub-Saharan belt of Africa today, some 20 percent to 30 percent of children die before age five in many of the countries, shown here in the darker shades.  And of these deaths, most of them due to infectious causes, a large fraction are due to malaria.  Some 30 percent to 50 percent of hospital admissions in this area are for malaria, and in the hospitals, some 20 percent to 40 percent of the deaths in the children are from malaria.  

Now to date, more than ever before, in our control programs, effective malaria control employs multiple tools.  Adriana Costero mentioned the importance of vector control.  Rapid diagnostic tests are now available in new classes, and they provide readier detection of malaria infections than ever before.  And Lee Hall will describe shortly some of the work toward effective malaria vaccines, but we still have a very heavy dependence on malaria drugs and a need for improved access and efficacy of these drugs.  

In the 20th century, a major public health impact was from chloroquine. It came on the scene towards the end of World War II, and within 20 years was distributed in Africa -- hundreds of tons annually -- with hundreds of millions of treatments per year.  The impact of chloroquine can be argued to be the same as just a handful of drugs that were available for public health, and this includes the penicillins and the sulfa drugs and the tuberculosis therapies.  This graph here and the curve show malaria deaths and the impact of chloroquine on those deaths.  When chloroquine was introduced in the late 1940s and 50s, malaria deaths in Africa began to drop, and by the 1970s, they were about 50 percent of what they were prior to World War II.  And the deaths began to rise again, and this was associated with the entry of chloroquine resistance in east Africa in 1978, and its rapid spread across the Sub-Saharan belt through the 1980s. By the 1990s, the death rates were once again approaching those that were present prior to World War II.  

The Institute of Medicine in 2004 had considered this issue and published an important book entitled “Saving Lives and Buying Time.”  It's a very good read and I recommend it highly.  A central recommendation of this book was to look to at some of the drugs that became available, and among these are the artemisinins, which I'll mention in a moment.  The central recommendation of this book was to develop a sustained global subsidy of these artemisinins in coformulation or combination with other anti-malarial drugs as partners.  
What is artemisinin?  It is a remedy developed from Quinghao – a remedy that was described in the 4th century by Ge Hong.  He described very precisely how to use leaves from this plant for the treatment of malarial fevers.  In the early 1970s, a major program in China had found and isolated the active component of this remedy, and they called it artemisinin after the name of the plant (Artemesia annua).  They crystalized it, and then in the 1980s and 1990s, after testing it in clinical trials, it was used widely in the countries of China, Vietnam and other Asian countries.  Many of these trials were largely unknown in the western world.  It did, however, come to the attention of the World Health Organization. Then the drugs were developed in the West in the 1990s, and in the past decade, we have witnessed a huge increase in the scale of use of these artemisinin combinations, abbreviated ACT for artemisinin combination treatment.  As of 2006, over 90 million of these doses for treatments were made available, and this number continues to rise today.  

Currently, the World Health Organization recommends in their top drug list four ACTs for the treatment of malaria.  Among these is the artemether plus lumephanterine combination called COAR10.  The FDA just approved this for non-severe malaria in the United States last week.  Yet today, just as we saw with chloroquine and the rise of resistance to chloroquine, we see some emerging threats to artemisinin combinations.  The first I'd like to mention is that among the first generation ACTs, including the four I showed on the previous slide, resistance has emerged to every single partner.  The focus of research and drug development now is new second- generation ACTs, including two I've listed on this slide, the dihydroartemisinin/piperaquine combination and the artesunate/pyronardine combination.  
A second threat we're quite worried about now is the appearance of delayed parasite clearances on the Cambodia-Thailand border.  Shown at the bottom of this slide in the dotted blue line is a clearance of a parasitemia we see in what we call a normal drug response to the ACTs, or artemisinin monotherapy in some cases.  Usually, we get to undetectable parasitemia levels within a day of treatment. However, on the border now, the delayed clearance strains are showing persistent parasites observable in the blood up to three days later.  And the worry here is that this is a first step towards a resistance to this important class of drugs, which are playing such an important role in the malaria control programs and the push, as Dr. Fauci mentioned, toward eventual elimination and eradication.  If this spread of resistance emerges to full-blown resistance to the ACTs, we may have stillborn control programs in some regions.  

So finally, I'd like to, on this slide, bring to point some of the future directions in understanding and answering the threat to the artemisinin delayed clearances.  The first is the epidemiology of these.  What is their geographic extent?  Are they present in other malarious regions outside of Cambodia and Thailand?  We need to understand the biological basis of these delayed clearances -- the physiological and genetic mechanisms—and develop genetic markers and rapid diagnostic tests that mark the resistant strains.  We need to focus on better intervention strategies and approaches to containment.  We very much need new drug policies empowered by communities and their leaders to address many of the problems in access, availability, affordability and quality of drugs.  And install with every effort we can reinvigorated malaria control and elimination programs in the regions of southeast Asia where we have seen these delayed resistant strains.  And then finally, I cannot overemphasize what John Rogers talked about in his presentation – we need efforts toward new drug discovery, robust research pipelines and continue to support public/private partnerships to bring new drugs and make them available.

So thank you very much.  I'm happy to take questions.  

Anthony Fauci:  Thank you Tom.  Any immediate questions for Dr. Wellems before we move on?  Like I mentioned, we're going to have ample time for discussion of the entire presentations a little bit later on, but if not, we'll move on to Dr. Susan Pierce.  Susan?

Susan Pierce:  Well, good afternoon.  My job this afternoon is to tell you about the yesterday, today, and tomorrow of malaria immunology.  I think one of the first questions you might have is why study the immune response to malaria.  And I think I have a relatively simple answer, which is malaria is a killer.  And we aren’t likely to control a disease without an effective vaccine.

Our advances of understanding malaria immunology are likely to aid in a vaccine design.  I should say that we may get lucky and develop a vaccine before we understand the cellular molecular basis of the immune response to it.  After all, Edward Jenner did exactly that, almost as sure as smallpox, almost 200 years before we understood how he did it.  But we may not be so lucky.

And if we’re not so lucky to develop a vaccine, we’re going to have to know something more about the immune response to it.  

So what is naturally acquired immunity to malaria?  For many diseases that you’re familiar with – and examples I’ve given are polio, diphtheria, tetanus and measles – a single exposure to the pathogenic bacteria or virus confers lifelong, sterile immunity and protection from disease.

Now, this is a phenomenon that’s called immunological memory.  And immunological memory is the basis of all vaccine design.  But the immune response to malaria is different.  Immunological memory to malaria is slow to develop.  It’s incomplete, and it’s short-lived.  

And so what does this mean to a child growing up in an endemic area?  It means despite repeated exposures – and this can be hundreds of infectious bites per year – children under 5 years of age are susceptible to severe malaria, resulting in nearly a million deaths each year in Africa.  By the time they’re 5 to 10 years old, children become resistant to severe malaria, they can control the severe symptoms of the disease.  But they continue to be susceptible to mild disease.

It’s not until their early teens that individuals become resistant to malaria symptoms  – they rarely acquire sterile immunity, or resistance to infection.  So there’s always a source of the parasite in the community.

This acquired resistance to disease symptoms appears to be short-lived.  If an individual goes abroad to study in a non-malaria endemic area and returns three or four years later, they’re very likely to be susceptible to severe disease again.  

So how is it that the immune system that is normally so effective in eliminating a pathogen allows the parasite to persist?  I think we can see it in the context of the fact that the genomes of the parasite, P. falciparum, and humans have co-evolved.  And due to its extremely high mortality, malaria – these parasites have had more of an impact on the human genome than any other pathogen.

So they’ve co-adapted so that P. falciparum and the human host ensures that the human immune system does not efficiently clear the parasite.  P. falciparum, in addition or as part of this, has evolved mechanisms to both evade and to disable the immune system.

So what do we know today about malaria immunity?  And I have to say that our gaps and knowledge of the natural acquisition of malaria immunity are fundamental.  To begin, we really don’t know which immune responses to the 5,400 gene products would actually confer protection.  We don’t really know what cells play critical roles in resistance in each phase of the parasite’s life cycle.  We know some broad strokes, but we really don’t know the details.

We don’t know how the immune system controls severe versus mild disease.  We suspect that severe disease is not an inability of the immune’s resistance response, but, to the contrary, a hyper -response leading to severe inflammation that causes the disease.  And lastly, we don’t understand why memory is so extraordinarily slow to develop, incomplete and short-lived.

So what is our strategy to begin to understand the cellular and molecular basis of naturally acquired immunity to malaria?  It’s rather straightforward.  To begin with, well-controlled epidemiological studies, preferable longitudinal studies in endemic areas so we can follow a child through a transmission season with robust clinical data, so that we know that that child with some certainty has either had malaria or not.  We can then assess the immune parameters of the child using peripheral blood and correlating those parameters with malaria or no malaria.

We can then, with information we observed in the field, take these into in vitro systems and begin to dissect the phenomena at the molecular level.  If appropriate, we can use mouse models to recapitulate the phenomena in humans and allow a really detailed mechanistic study in vivo.

Do we have tools to do this, or are tools any better than they have been in the last decade?  I would say yes.  New technologies that take advantage of the parasite genome are allowing us to identify the antigens that confer resistance.  We have the human genome to search for susceptibility and resistance chains to malaria.  And then we have both genomes to look at the interaction of the immune system’s products and effective molecules with the parasite product.

We have advanced fluorescence-based technologies that provide better functional characterization of immune cells in the products.  And then lastly our advances in understanding immune cell function has led to new assays to measure these functions.

So then who is going to do this research with these new tools and this important problem?  We do have to recruit, I believe, new basic immunologists to bring their new perspectives to this field.  In that spirit, the Laboratory of Malaria Immunology and Vaccinology has been newly expanded.  And this is going to provide a focus in the Division of Intramural Research for studies on malaria immunology.  In addition, we’ve initiated the new training program in what we’re calling Malaria Infection Biology.  And the notion here is to train the next generation of malaria immunologists, bringing students and fellows to work at the interface of parasite biology and immunology.

So in summary, our philosophy in investing in malaria immunology is that we need a highly effective malaria vaccine.  And while we’re going to hope for the best that we have such a vaccine possibly already in the pipeline, we’re going to prepare for the worst, which is we may need to know quite a bit about the molecular basis of immune response to the parasite before we’re successful in generating that highly effective vaccine.

So I’ll close there and take questions if there are any.

Anthony Fauci:  Thank you, Susan.  Anything pop up?  Not yet?  OK.  So we’ll finish off with the final speaker, and then we’ll open it up for general discussion.  The next speaker is Dr. Lee Hall who’s the Chief of the Parasitology and International Programs Branch in Division of Microbiology and Infectious Diseases.

Lee Hall:  OK.  Good afternoon everyone.  In the next ten minutes or so I’m going to cover some of the highlights and key features of malaria vaccine research from the past and present and take a look at some of the future directions that are emerging in the field.

By way of background, it’s worth noting that some key observations suggested that protective immunity against malaria exists in humans.  The clinical observations from field and natural history studies indicated that immunity to malaria could be acquired over time, albeit slowly, but that such naturally acquired immunity is often incomplete – as Sue mentioned – that is to say, non-sterilizing, since parasites could still be detected in the blood of individuals who are not sick, and it apparently was short-lived.

Resistance to reinfection was observed in malaria therapy of neurosyphilis patients that were carried out in the 20th century.  Malaria therapy was actually the intentional infection of individuals with malaria for a period of time under close clinical observation followed by curative treatment.  And during these treatments, it was noted that the individuals who were actually being treated were gradually able to better control their malaria infections and became at least partially resistant to reinfection with malaria parasites.

Based on these observations, studies were carried out that laid the early experimental basis for the development of malaria vaccines.  These studies were carried out in the 1960s and 1970s.  In a series of studies conducted by Cohen and MacGregor and their colleagues in the 1960s, they were able to show that antibodies from immune African adults could transfer protection to susceptible children.

They initially showed this in West Africa but then went on to show that the same antibodies could confer protection in children in East Africa, suggesting that this effect was not geographically restricted.

In 1967, Ruth Nussenzweig and her colleagues at New York University School of Medicine showed in a rodent malaria model that exposure to radiation-attenuated sporozoites – that is, the parasite stage responsible for initial infection – were able to protect mice against subsequent experimental challenge infections.

And then in 1976, Gwadz and Carter, studying bird malaria models, showed that antibodies to the sexual stages of the parasite could prevent the parasite from developing in the mosquito.  

Together, these three sets of studies actually laid the foundation for much of our current thinking about malaria vaccines.  In particular, they raised the possibility of developing different types of vaccines with different objectives based on different targets in the life cycle.  For example, as shown by Rossenzweig and colleagues, vaccines to prevent infection might be achieved by targeting preerythrocytic stages of the sporozoite, which is shown here in this first test.

From the studies by Cohen, MacGregor and colleagues, vaccines to prevent or ameliorate clinical disease might be achievable by targeting the asexual blood stage, parasites responsible for the clinical manifestations.  And finally, as demonstrated by Gwadz and Carter, vaccines that targeted sexual stage parasites might prevent development of the parasite in the mosquito vector, thereby interrupting the transmission cycle.

Over several years after these concepts were developed, they were further explored in a variety of different experimental studies.  In particular, with respect to the pre-erythrocytic stages, the irradiated sporozoite studies were extended to human volunteers in whom irradiated sporozoites were shown to confer protection against subsequent experimental challenge infections.

Then in 1984, building on advances in malaria research and building on the emerging field of biotechnology, NIAID-supported investigators -- both at NYU and at the Laboratory of Parasitic Diseases here in Bethesda and their collaborators at the Walter Reed Army Institute of Research -- were able to clone the gene for a major surface protein of the sporozoite, the circumsporozoite protein, which had been implicated as a target of protective immunity.

Subsequently, in 1987, the first clinical trials of these CS-based vaccines were reported.  These trials were carried out by WRAIR and LPD [the NIAID Laboratory of Parasitic Diseases], and by the University of Maryland and NYU.  In challenge studies, however, although these vaccines were immunogenic, the protective efficacy was not high.  So it was clear that a great deal of additional work needed to be carried out.

That work was carried out in the 1990s through multiple pre-clinical studies and clinical trials with different synthetic peptide and recombinant protein-based vaccines.  And then in 1997, clinically significant protective efficacy against experimental challenge infection was finally demonstrated by a vaccine called RTSS, a subunit vaccine that was based on a portion of the CS antigen that had been incorporated into a Hepatitis B virus-like particle.  At the time, that product was being developed jointly by GSK [Glaxo SmithKline] and Walter Reed.  

That same year, 1997, NIAID also launched its plan for research to accelerate development of malaria vaccines, an effort to expand the research base for malaria vaccine development.

Turning first to clinical development, particularly of RTSS, following that initial success in the experimental challenge study in U.S. volunteers, a number of studies have been carried out in Africa, first in adults and then in children.  The development has been largely supported by GSK and the PATH Malaria Vaccine Initiative.  

As this slide shows, there have been a number of pediatric field trials.  And while these initially demonstrated an efficacy of 30 percent against clinical malaria, a new formulation has shown a more promising efficacy of approximately 55 percent.  These studies have established a number of other key features, such as duration of immunity and noninterference with vaccine delivery, through the expanded program on immunization.

But what I’d really like to emphasize here is the long time line that has been required from 1997 to 2008.  Taken together, these studies now are providing the rational for proceeding to pivotal Phase III trials in Africa, which are scheduled to begin imminently.  

Turning back now to 1997, NIAID’s plan for research to accelerate the development of malaria vaccines was predicated on four pillars.  The first was improved access to well-characterized research materials, and you heard earlier from John Rogers a variety of the resources that NIAID has provided to the community during this time, ranging from research resources through the MR4 to support for genomes and genomics-related resources.

The three other components were focused more specifically on malaria vaccines:  discovery and preclinical testing of new vaccine candidates; production and evaluation of candidate malaria vaccines; and clinical research and trial sites in endemic areas.  As a result of this investment that NIAID has made, NIAID currently has a very solid portfolio of research supporting malaria vaccines.

As shown in this slide, this research ranges from target identification and validation, from proof-of-concept to preclinical development to clinical trials both in the U.S. and abroad.  Much of the effort is focused on Plasmodium falciparum, but we also support vaccine research on Plasmodium vivax and also on model systems, which can be enlightening.

The research targets the various life cycle stages of the parasite and looks at subunit vaccines, such as viral vector and CS-based vaccines, that, as shown here, are currently in Phase I trials; combination vaccines; and whole-parasite vaccines, such as radiation-attenuated or genetically attenuated parasites.  This research builds on a variety of different technology platforms.

Moving forward, however, and looking into the future, much of our thinking is reflected in these two documents that Dr. Fauci referred to at the beginning, that is, NIAID’s Strategic Plan [for Malaria Research] and the NIAID Research Agenda [for Malaria], which will continue to serve as a guide for us in our future endeavors.  Both of these documents, I should add, are also available to you on the NIAID home page.

But finally, let me now turn to some of the future directions that we anticipate.  First of all, it will be imperative to fill basic science gaps to support malaria vaccine development.  John Rogers mentioned the importance of in vitro culture systems, and certainly we hope that we will be able to develop culture systems for all of the important malaria parasites of humans, as well as for all of the various stages that are involved.

We hope to capitalize on genomics and systems biology, and to utilize studies in molecular epidemiology to better understand the diversity of the parasite as it exists in the field so that we can target vaccines more effectively.

We intend to incorporate new vaccine technologies in the future, building on the advances in molecular immunology that Sue Pierce referred to but also taking advantage of new molecular biological approaches to develop attenuated parasites, for example, and also building on novel delivery systems and strategies that can improve the immunogenicity and efficacy.

Because the [industry] attrition rate for vaccine development, as for drug development, is very high, it will be important to have an expanded R&D pipeline, and it will be important to look at combination vaccines, not only for vaccines to target different developmental stages of the parasite but also ultimately, perhaps, for different combinations of species that are responsible for malaria.

As we look forward to elimination and eradication in areas around the world, we need to take a more global perspective and to expand our focus on Plasmodium vivax and on transmission- blocking vaccines.  

So in conclusion, over the years NIAID has invested substantial efforts in supporting research for malaria vaccine development.  We currently have a quite robust portfolio that builds on a number of different platforms and technologies.  And we anticipate that in the future we will continue to support these areas very actively.

That’s it.  Thank you.

Anthony Fauci:  Thank you very much, Lee.  So we’ll open it up now for any specific questions for Lee Hall or for more broadly, questions for anyone about any aspect of it.

Before I do, let me just take about 30 seconds to just really just summarize what we’ve heard today for those of you who may have joined a little bit later.  I led off with a broad overview discussion of the problem of malaria, the global issues, the challenges that we might have, and the role of the research agenda as a part of a multitude tool kit in the ultimate control, elimination, and hopefully eradication of malaria. And we focused on what the research agenda would be.  
Then we heard from John Rogers, who spoke about the parasite itself and the different targets, both from the pathogenic standpoint and from a drug standpoint.  Dr. Costero spoke about the vector and the control of vector, and on appreciating the study of vector biology.  Rick Fairhurst focused on the pathogenesis of malaria and the mechanisms involved in the development of malaria disease, and some of the genetic predispositions or not of being affected or protected.

Tom Wellems spoke about the complex challenges of drug development and the emergence of resistance.  Sue Pierce, as an introduction to the understanding of why we don’t have a vaccine and what we need to do to get a vaccine, spoke about the complexities of immunology of the host- parasite interaction.  And finally, Lee Hall closed up with a discussion of where we are right now in vaccine development and what our goals are in the future.

So that is sort of a broad scope, and some specific discussions about all the critical areas and the research agenda that we, and others, are following.  So I’d like to open it up now for any discussions or questions or any issues that you need clarified.

OK.  Steven Greer?

Steven Greer:  Questions for Dr. Hall.  You mentioned a vaccine was getting close to Phase III.  Which mechanism of action will that be targeting?  And how long would that trial take?  And for Dr. Fauci, if you could put this in perspective of a vaccine you know, the HIV vaccine, is extremely challenging.  And how would you compare and contrast that with a malaria vaccine?

Anthony Fauci:  Lee, you go first and then I’ll…

Lee Hall:  OK.  So Dr. Greer, your question related to when is the Phase III trial starting.  Actually, the Phase III trial was scheduled to start a few weeks ago and then it had a hiccup.  My understanding is that it could start any day, but certainly in the next few weeks or months is when the first of several trials across Africa will begin.

You also asked about the mechanism of action.

Steven Greer:  Yes.

Lee Hall:  OK.  So that’s a very interesting question, actually.  When it was originally conceived, the mechanism of action for the pre-erythrocytic vaccine was thought to be eliminating the pre-erythrocytic stages – that is, the stage of the sporozoites and potentially the liver stages.  

In fact, if you look at what has happened with RTSS, it’s incompletely effective in producing sterilizing immunity.  But it does seem to have an effect on delaying or perhaps attenuating the clinical course of disease.  So it’s a bit of a conundrum in the sense that it’s a pre-erythrocytic vaccine that actually seems to have an impact on blood stage-related clinical disease.

There are some studies that are going on now that are supported by other groups to try to figure out exactly what it’s doing.  Some of the initial studies suggest that it actually reduces the diversity of parasites that might be infecting people and that that might be accounting for some of its activities.  But there are certainly other mechanisms that might be possible.

Anthony Fauci:  Steve, I like your question about the comparison and contrast between the challenges of a malaria vaccine and an HIV vaccine because there are some real similarities conceptually with the difficulties as well as some clear differences.

With HIV, we know from painful observation for now over 20-plus years that the body does not seem to at all mount an effective immune response against HIV.  So when we, in the field of vaccinology, try to develop a vaccine, we usually look to nature for a proof-of-concept that a vaccine is going to work or not.  And by proof-of-concept, I mean if the body and the host respond adequately, even to the most deadly of microbes.  If you look at smallpox, if you look at polio, if you look at measles, they kill varying percentages of people and cause morbidity in another percentage of people.

Yet ultimately, the body completely clears measles, smallpox and polio from the body, which tells you that it’s inherently capable of doing that.  It leaves the host usually with lifelong protective immunity against subsequent challenge.  So right away, we know from the start that it’s feasible to develop a vaccine against those.

If you look at HIV, we don’t have that.  We don’t have people who have eradicated the virus, and we don’t have people who recover from it.  There’s a very small group of people who are long-term non-progressors who seem to control the virus very well.  But amazingly, there are no examples of anyone, with the more than 50 million to 60 million people who have been infected, who has actually completely eradicated the virus from their body.  So we have a real proof-of- concept situation here.  

Somewhat of a similarity with malaria, but it isn’t as bad as that, because ultimately people recover from malaria and keep the disease under check when they become adult. As Sue Pierce mentioned to you, the children take years to develop an immunity to the point where they won’t block against subsequent infection or have sterilizing immunity, but they certainly will block against disease.  So that’s the difference: whereas HIV will be a relentlessly progressive, the body does develop enough immunity in malaria that if you reach adulthood, it is unlikely that you’re going to get severe malaria if you keep getting stimulated in the environment that you’re in.  If you leave for a few years, you almost sort of go back a little bit, not necessarily to square one but maybe to square two or three.

So the similarities are that they don’t develop effective immunity against either.  The contrasts are that there’s much more control that you ultimately get.  So if you were to ask me, “Is it going to be easier to get an effective vaccine against malaria versus HIV,” I would think that you know this is pure conjecture.  But I think it would probably be easier – I wouldn’t say easier because it’s going to be difficult in both situations – but it would be less difficult to get a malaria vaccine that has an impact than it will be to get an HIV vaccine that actually blocks against infection.

Steven Greer:  That’s very helpful.  Thank you.

Anthony Fauci:  You’re welcome.  Lauran Neergaard, you had a question?

Lauran Neergaard:  Yes, I do.  I don’t know who this is best addressed to, but if this vaccine that’s entering Phase III would be, best-case scenario, 50 percent effective, has anyone looked at what ultimate impact that would be?  I mean, is it actually reducing parasitic burden in the bloodstream so that perhaps there would be a reduced environmental burden and therefore, in addition to the people who are actually vaccinated, perhaps less circulating in the environment?

Anthony Fauci:  Lee, why don’t you take that since that’s what you spoke on?

Lee Hall:  OK.  So I think that the short answer to your question is that we don’t have the data to answer that question.  But that’s certainly something that people will be looking at in the future as it’s rolled out.  I think that you know when I say it’s entering pivotal Phase III trials, you know obviously that is the definitive – at least from a regulatory standpoint – proof that this vaccine actually has a benefit.

And the idea would be that it would be reducing not only the frequency of clinical episodes of malaria and the severity of disease but also hopefully reducing the levels of parasitemia.  

Whether that would actually translate into a reduction in transmission, I think remains to be determined.  That’s going to have to be worked out.  I would point out, actually, that in those clinical trials that the impact on severe disease was greater than the impact on clinical malaria per se.  So if you look at the efficacy against fever plus parasitemia, that was running around 30 percent  in the initial studies.  But the impact on severe disease was actually much higher, up around 50 percent or so.

And the other thing that I think that’s important to take into account here is the fact that the benefit from this vaccine does seem to last at least over 18 months, and it may last longer.  There are studies that are under way and soon to be published that suggest that it might actually have a longer effect.

Anthony Fauci:  Thank you.  Next question is from Jill Yaworski.

Jill Yaworski:  Yes.  This question is for Dr. Wellems.  Dr. Keasling is a bioengineer at Berkeley, and he’s come up with a new way to produce artemisinin through a microbial method.  Can you tell us a little bit about that and if you think that this would help in stopping the spread of resistance at all?

Tom Wellems:  Oh, it’s been a wonderful development in that laboratory.  The ability to produce a synthetic precursor in yeast and then chemically modify it promises a large amounts of artemisinin drugs to come, and at a reduced price.

Now balancing that are a couple of other factors.  One is, of course, from the artemisinin supply there are improved plant – can you hear me well?

Jill Yaworski:  Yes.

Tom Wellems:  All right.  There are improved plant varieties now that carry much higher levels of artemisinin.  So this will go into the marketplace.  And I think ultimately the marketplace will reduce the price of artemisinin substantially.

Where the problem is in the cost of these ACTs, Jill, is in the partner drugs, which now are accounting for a large fraction of the cost in the production of these and then, of course, also the distribution, making these available.  And those are the points that we need to attack and improve upon to make these ACTs more available for the children that need them.

Anthony Fauci:  Any other questions?

Operator:  And as a reminder, it is star 1 if you would like to ask a question.

Anthony Fauci:  Lauran?

Lauran Neergaard:  Yes.  Hi.  Another question.  You all didn’t mention any of the attempts of genetically engineering the mosquitoes to make them perhaps less hearty vectors.  Can somebody talk about where that stands?

Anthony Fauci:  Sure.  Adriana, why don’t you talk about that?

Adriana Costero:  Excuse me.  Your question is where are we at …

Lauran Neergaard:  Yes.

Adriana Costero:  …in the process of developing transgenic mosquitoes?

Lauran Neergaard:  Yes.  

Adriana Costero:  OK.  Well, several labs have now been successful in actually genetically modifying mosquitoes.  The problem now is how we’re going to get those modified genes to spread within the natural mosquito population.  Once you have a transgenic mosquito that doesn’t mean that it’s going to work in nature.

So I know that there are several labs now that are moving forward and doing limited cage field trials to try to start establishing how these genetically transformed mosquitoes would behave under “natural conditions,”  how they would compete among themselves and with natural populations of mosquitoes, and to answer the ecological kinds of questions relating to this.

The other aspect of transgenic mosquitoes that needs to be resolved before this can move forward is in terms of the public’s reaction to this.  Obviously you cannot just say I’m going to release all these transgenic mosquitoes and have people accept that.  So the public relations aspect of this is another challenge that people are starting to look at.

And actually, in May, in a couple of weeks, there’s going to be a meeting in Geneva, Switzerland, that will start addressing this aspect that I just mentioned.  It’s been organized by the WHO, and it’s the first of two meetings that will be beginning to address some of the issues as we move forward with transgenic mosquitoes.

Lauran Neergaard:  If I can follow up, in any of these cage trials, are they also looking to see if whatever modifications have been made that are helpful for malaria purposes also make the mosquito more likely to transmit any other diseases?

Adriana Costero:  Not as far as I know.  The transgenic mosquitoes are built, if you will, specifically for malaria.  So I’m not aware of any lab that’s looking at multiple infections, in this case.

Anthony Fauci:  But Lauran, that’s a great question that will have to be addressed.  I mean, what you’re really saying is, you create a transgenic mosquito that doesn’t transmit malaria very well but it’s an unbelievable knockout for West Nile, for a variety of other diseases.  It becomes a Chikungunya factory.

Adriana Costero:  Well, fortunately Anopheles mosquitoes are not that widespread vectors, but they are vectors of certain worms, for example.  So that would definitely be an issue.

Lauran Neergaard:  OK.  Great.  Thanks.  

Anthony Fauci:  Any other questions?  OK.  If not, thank you all very much for your participation.  We appreciate your attention.  Thank you.

Operator:  And ladies and gentlemen, that does conclude today’s Web seminar.  Thank you for your participation.  You may disconnect at this time.

END
