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Introduction	 

	

The National Institute of Allergy and Infectious Diseases (NIAID) is the lead federal agency conducting and supporting scientific research on infectious and immunologic diseases.  The goals of this research are to delineate pathogenesis, improve diagnosis and treatment, and develop vaccines to prevent these diseases, many of which significantly affect public health.  To accomplish its goals, NIAID carries out a wide range of basic, applied, and clinical investigations within its own laboratories and provides research grant, contract, and cooperative agreement support to scientists at universities and other research institutions across the country and around the world.  

	

Basic science builds the foundation for advances in medicine by finding answers to fundamental questions about microbes and infectious disease processes.  Historic investments in basic research have enabled scientists to gain information about disease processes that subsequently led to improved diagnostic tests and treatments.  This work has also provided the foundation for the development of vaccines to prevent, cure, or control infectious diseases.  Knowledge gained through basic studies on the immune system has also played a pivotal role in the development of novel therapeutic approaches and improved vaccines for many diseases. 



NIAID’s basic research is complemented by clinical studies to test new vaccines and therapies against disease and prevention studies designed to protect individuals from acquiring disease and prevent existing disease from progressing to disability or death.  A major component of prevention studies is behavioral research to find ways of preventing risk-taking behavior and improve adherence to treatment. Through outreach and public education projects, NIAID supports the evaluation of interventions that promote health and prevent disease.

	

Despite remarkable progress in preventing and controlling infectious and immunologic diseases, changes in microbes and the environment continue to present new challenges to protecting the Nation's health.  NIAID is prepared to address these challenges with a base of scientific knowledge in microbiology and immunology and with systems in place to develop and evaluate vaccines, treatments, and diagnostic tests.



Progress and Accomplishments



AIDS (Acquired Immunodeficiency Syndrome)

	

AIDS is now the leading cause of death among Americans 25 to 44 years of age.  As many as 1 million Americans are estimated to be infected with HIV, and despite significant progress in treating AIDS, it remains a fatal disease that causes significant pain and suffering and is extremely costly to treat.

	

A number of studies in the past two years have led to promising discoveries in the treatment of HIV-infected individuals, and in our search for new ways to prevent transmission of the virus.  Promising new therapies called protease inhibitors in combination with older drugs have improved and extended the lives of many HIV-infected people.  The development of protease inhibitors and other therapies used to treat HIV was facilitated by NIAID’s basic research on the pathogenesis of HIV and immunology.  Recent clinical studies have demonstrated that combinations of anti-HIV therapies can slow the progression of AIDS and improve survival among HIV-infected people.  Of  particular importance, NIAID-supported researchers have found that the risk of HIV transmission from a mother to her unborn child is significantly reduced if the woman is treated with AZT during pregnancy. 

	

Scientists are striving to find ways to suppress HIV replication and to prevent opportunistic infections and to maintain, and perhaps rebuild, the immune systems of HIV-infected individuals.  NIAID intramural researchers have shown that a combination of the immune system protein interleukin-2 (IL-2) and anti-HIV drugs can repair some of the immune system destruction caused by HIV.  Because immune restoration is not seen with anti-HIV therapies alone, IL-2 could be an important adjunct to treating HIV infection.

	

Underpinning today’s HIV treatment strategies is a new understanding of the importance of viral and host factors in the pathogenesis of HIV disease.  In the past year, NIAID-supported studies have shown that the level of HIV in a patient’s plasma in the months following infection is highly predictive of that individual’s subsequent disease course.  Clinical studies of anti-HIV drugs later proved that reducing the levels of HIV in patients’ blood lowers their risk of developing AIDS or dying.  Assays that quantify HIV in a patient’s plasma were licensed in the past year and now play a central role in the care of HIV-infected people.

	

A number of other advances in understanding HIV pathogenesis are also likely to lead to new tools to treat and prevent AIDS.  NIAID-supported researchers have identified two molecules on the surface of immune cells, fusin and CCR5, that play a pivotal role in enabling HIV to penetrate and infect the cell.  These findings will lead to the development of therapies designed to block HIV’s interaction with these co-receptors, thereby preventing HIV infection of immune cells.

	

NIAID worked to expedite the development of the most promising HIV vaccine candidates and the most promising concepts for preventing HIV disease.  In order to expedite the development of an HIV vaccine, NIAID collaborates with industry to formulate joint development plans with specific scientific milestones for different vaccine approaches.  One such collaboration led to a phase I trial of a promising vaccine strategy that combines two types of vaccines.  The ability of this vaccine strategy to boost both arms of the immune response, the cellular response and the antibody response, distinguishes it from other candidates.  A larger, phase II study to further assess the candidate vaccine’s safety and ability to stimulate an immune response is scheduled to begin in the spring of 1997.  

	

The fundamental knowledge of immunology gained through research on HIV provides important clues to understanding other diseases and disorders.  For example, AIDS research has led to a better understanding of the role of cytokines in regulating the immune system.  These findings, in turn, led to a better understanding of other diseases, including autoimmune and allergic diseases.



Sexually Transmitted Diseases 

	

Each year, more than 12 million Americans acquire a sexually transmitted disease (STD). Three of the top five most frequently reported infectious diseases in 1995, chlamydia, gonorrhea, and AIDS, are transmitted through sexual contact.  The incidence of sexually transmitted diseases has reached epidemic levels in some urban populations, disproportionately affecting minority populations and overwhelming the ability of public health systems to provide care for those infected and prevent further spread of disease.  HIV is predominately transmitted through sexual contact, and as a result, people who are at increased risk of contracting an STD also have a greater chance of becoming infected with HIV.  Moreover, there is evidence that STDs and HIV infection may greatly amplify one another, contributing to the growth of the HIV epidemic in some populations.  Currently, people under 25 years of age are at greatest risk for infection; two-thirds of all STD cases occur in this age group.  

	

The control of many STDs has been complicated by the frequency of asymptomatic infections, the lack of safe, effective vaccines, the cost and technical difficulty of available diagnostic tests, the expense of single-dose therapies, and the absence of effective methods that women can use to protect themselves from STDs.  NIAID has addressed these challenges with a multidisciplinary research strategy that includes basic science, vaccine development, behavioral science, development of topical microbicides (chemical and physical barriers that women can use intravaginally to inactivate sexually transmitted pathogens), and the development of rapid and inexpensive diagnostic tests.

	

Recently, NIAID-supported researchers have developed highly sensitive tests to detect both chlamydia and gonnorhea.  Both assays can detect the presence of minute amounts of microbial DNA molecules in urine samples.  Such assays hold promise for large-scale screening programs to detect both symptomatic and asymptomatic cases of chlamydia and gonnorhea.  Early detection of these two STDs is particularly important in women.  Left untreated, both diseases can lead to pelvic inflammatory disease (PID), a disease of the upper reproductive tract that can cause infertility, tubal pregnancies, and other serious complications. 

	

In an NIAID-supported study, scientists found that screening for and treating chlamydial infections in high risk women significantly reduced the number of cases of PID.  This finding has important cost implications, because the cost of treating PID and its complications is estimated to be more than $6 billion per year.  Screening programs would not only improve women’s health but also reduce these costs.

	

Ultimately, safe and effective topical microbicides and vaccines will be the most powerful tools for controlling STDs.  The NIAID research effort to develop topical microbicides encompasses basic research, preclinical product development, and clinical evaluation of existing and new compounds.  A number of candidate vaccines for gonorrhea, chlamydia, and syphilis are in various stages of preclinical development. 



STDs greatly increase the risk of sexual HIV transmission, and conversely, immunosuppression due to HIV infection appears to enhance the severity of other STD infections.  Therefore, efforts to control STDs will also play a critical role in fighting HIV and AIDS, and HIV-related interventions should also be effective against non-HIV STDs.



Vaccine Development

	

Vaccines against infectious diseases continue to offer the greatest potential to reduce deaths, illnesses, and health care costs.  NIAID supports research geared toward improving existing vaccines and developing new vaccines.  The Institute provides scientific and programmatic direction to the Children's Vaccine Initiative, a global effort to develop safe and effective vaccines that will simplify immunization schedules, expand the number of diseases that can be attacked with vaccines, and ensure the continuing safety of the vaccines that are available.

	

Pertussis (whooping cough) is an extremely contagious respiratory disease that worldwide afflicts more than 50 million people, mostly children, and causes about 350,000 deaths each year. Whole cell vaccines have been in use since 1947 and have been extremely effective in controlling whooping cough in the U.S., but concerns regarding adverse events associated with the vaccine prompted researchers to examine the safety and efficacy of the whole-cell vaccine and to develop and test new candidate vaccines.  Since the early 1980’s, NIAID scientists have collaborated with vaccine manufacturers and investigators around the world to develop improved pertussis vaccines using parts of the organism rather than the whole bacterium.  In two large clinical trials supported by NIAID and the National Institute of Child Health and Human Development, researchers in Italy and Sweden showed that three new acellular pertussis vaccines are more effective in protecting infants against pertussis and have fewer side effects than the currently used vaccine.  One of these acellular vaccines was recently approved by the FDA. 

	

NIAID research has also led to the development and licensure of a vaccine for Hepatitis A (HAV).  The vaccine, developed by intramural researchers, is now available in many countries throughout the world, and promises to reduce the morbidity and mortality associated with HAV as well as the global costs of $1.5 billion to $3 billion that are related to HAV. 

	

In the past few years, NIAID scientists have made significant progress against rotavirus, a leading cause, particularly among children, of diarrhea-related illness and death.  NIAID investigators and their industrial partners have developed an orally administered rotavirus vaccine, which now has been shown to be safe and effective in clinical trials.  If widely employed in the developing world, the vaccine could greatly reduce the more than 800,000 diarrheal deaths associated with rotavirus each year.

	

NIAID-funded researchers are exploring several novel approaches to vaccine design, such as naked DNA immunization.  Naked DNA vaccines, which consist of genes isolated from the disease-causing bacteria or virus have been developed and have reached the pre-clinical, animal testing stage.  After injection of the DNA that encodes specific microbial genes, some of the DNA molecules enter the animal’s cells, producing an immune response against the pathogen.  Naked DNA vaccines are now being studied by NIAID as a potential new preventive therapy for diseases ranging from allergies to tuberculosis.  This work may be used to produce more powerful combination vaccines and may lead to safer vaccines that do not require refrigeration.  Vaccines that remain stable without refrigeration can be used more easily in developing countries.



Tuberculosis

	

Tuberculosis is responsible for more deaths worldwide than any other single infectious agent.  Approximately one-third of the world's population is infected with Mycobacterium tuberculosis (M.tb.), the organism that causes tuberculosis (TB).  This includes between 10 and 15 million people in the United States, where rates of TB have risen unexpectedly over the past several years.  Particularly alarming is the spread of strains of M.tb. that are resistant to treatment with two or more drugs.  Even with treatment, the death rate for multidrug-resistant tuberculosis is 40 to 60 percent--the same as for tuberculosis patients who receive no treatment at all.  

	

In response to increasing rates of tuberculosis in the United States and worldwide and to the spread of drug resistant strains of M.tb., NIAID formulated a comprehensive research agenda that draws on the Institute's expertise in immunology, microbiology and drug and vaccine development.  Priorities identified in the agenda include studies to understand the basic biology of the disease as well as studies to develop new and improved tuberculosis drugs and vaccines, better diagnostic tools, and improved modes of drug delivery.  NIAID's funding for tuberculosis research has increased nearly tenfold from 1991 to 1996.  NIAID also supports tuberculosis training programs for both new and established investigators to encourage interest in tuberculosis research and develop the intellectual capital needed to continue its progress in the future.

	

NIAID has made significant advances in many areas of TB research, including understanding the relationship between HIV and TB, discovering microbial genes that confer resistance to antibiotics, and developing an improved anti-TB vaccine.  The development of an appropriate animal model is particularly noteworthy, and will facilitate further advancement in this field.  In the past, rhesus monkeys were used in research.  These animal models, however, develop an acute, rapidly fatal form of the disease, while humans typically develop a chronic infection that only escalates to acute TB in approximately 1 in every 10 patients.  Researchers supported by NIAID have demonstrated that chronic, slowly progressive TB can be induced in cynomolgus monkeys.  With a model that resembles human disease, researchers will be better equipped to study TB.  In particular, the new animal model will enhance the evaluation of new therapies and studies of how M.tb. survives in a dormant state.  



Asthma

	

Asthma is one of the most common chronic diseases in the United States, affecting an estimated 10 million to 15 million Americans.  The economic costs of asthma are enormous.  In 1990, asthma-related health care costs totaled approximately $6.2 billion; nearly half of this expenditure was for emergency room visits, hospitalizations, and costs associated with death.  NIAID is committed to basic research on the immunologic aspects of asthma and allergic diseases, including studies of the events and cells involved in the immune system’s inflammatory response.  These studies continue to enhance our understanding of the cause and pathogenesis of allergic diseases and to lead to progress in diagnosis, treatment, and prevention.  

	

Asthma is a special health concern among minority groups in the United States.  It occurs with greater frequency and causes more deaths among minority populations than among the general population.  Through the National Cooperative Inner-city Asthma Study (NCICAS), NIAID supports several research programs directed toward understanding why asthma disproportionately affects minorities and developing interventions to address this problem.  Phase I of NCICAS has identified factors that determine asthma severity and morbidity, and it also established the cost-effectiveness of an asthma counselor in reducing the illness and disability associated with asthma.  Phase II of the study involves a collaboration with the National Institute of Environmental Health Sciences that will help evaluate and refine asthma interventions, emphasizing the environmental components such as indoor allergens and environmental tobacco smoke. 



Future Needs and Opportunities

	

Emerging Infectious Diseases.  In the past decade, new strains of diseases such as tuberculosis and malaria have re-emerged and new diseases such as HIV and Hepatitis C have emerged.  This trend is attributed to several factors:  the capacity of microbes to change and adapt in ways that make them more virulent or resistant to currently available drugs and vaccines; demographic and environmental changes that place humans in situations where disease transmission is more likely to occur; and increased international travel and trade that allow infections to spread rapidly and widely.  NIAID has developed an integrated and proactive research strategy to plan for and build the capacity to respond to the emergence and reemergence of infectious diseases.  This strategy entails collaborating with other government agencies and industry to quickly mobilize research resources, conduct epidemiological and clinical research, and assess environmental and ecological influences.



New Vaccine Strategies.  The revolution in biotechnology provides us with new opportunities to develop improved vaccines, including new targets for vaccines and new types of vaccines, such as naked DNA vaccines.  Future research will focus on understanding mucosal immunity, since mucosal surfaces are the most common portals of entry of microorganisms, and new formulations such as combined vaccines and oral vaccines that will make vaccines easier to administer.  In addition, NIAID is preparing for large-scale efficacy trials of HIV vaccines by conducting the epidemiologic, virologic, and behavioral research required to ensure the success of such trials and by establishing community linkages. 

	

Microbial Genome Sequencing.  Advancements in DNA technology have led to remarkably rapid and accurate methods for sequencing entire genomes of pathogens.  Knowledge of the exact genetic makeup of infectious microbes will provide a tremendous tool to study pathogenesis and microbial resistance and to develop new therapies and vaccines.  NIAID is supporting research to sequence the genomes of several microbes, including the agents of tuberculosis, gonorrhea, chlamydia, cholera, and malaria.  When sequencing is complete, NIAID will conduct and support studies that will apply the information in ways that will expand prevention and treatment efforts.

	

Tolerance Research.  In an effort to improve the success rate in transplantation, NIAID-supported researchers are investigating ways to improve the body's “tolerance” of transplanted organs and tissues.  This research is focusing on designing improved therapies to reverse rejection episodes and attempting to identify better ways to match patients with donor tissues.  Continuing advances in immunology also promise to make transplantation a more effective way to restore people to normal lifestyles after an episode of illness or injury.  Research on tolerance will have applications against infectious diseases and autoimmune diseases as well.

	

Conclusion



The notable progress achieved in science and medicine during the past 50 years provides ample evidence that it is within our power to further improve the health of all people.  We must, however, keep our sights on the many challenges that remain.  Despite a tenuous stabilization in some populations in the United States, the global HIV epidemic is still exploding. We face an unprecedented crisis caused by the emergence and spread of drug-resistant organisms.  Only a sustained commitment to basic and applied medical research will lead to the new drugs, vaccines, and other interventions that will benefit the health of this and future generations.  NIAID intends to honor that commitment.
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