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THE EVOLUTION OF THE ACQUIRED IMMUNODEFI-
ciency syndrome (AIDS) as a global pandemic has
heightened awareness of the persistent threat posed
by established, emerging, and re-emerging infec-

tious diseases of global health importance.1 Examples of such
diseases include resurgent endemic diseases such as ma-
laria and tuberculosis, newly recognized conditions such as
liver disease due to hepatitis C virus, and diseases such as
West Nile fever and dengue, which have appeared in pre-
viously uninvolved geographical settings. In addition, en-
demic conditions such as acute respiratory infections, di-
arrheal diseases, and measles remain leading causes of illness
and death worldwide.2

Each of these global health threats requires a multifac-
eted response involving a variety of public health mea-
sures, such as surveillance; public education and other pre-
vention efforts; vector control; sanitation; programs to
improve nutritional status; and the efficient provision of
health services, including available treatments and vac-
cines.3 More broadly, alleviation of poverty and economic
development are central to improving health since higher
income is strongly associated with access to many of the
goods and services that promote health.2,3

In addition to these classic public health considerations,
critical (but sometimes overlooked) components of any stra-
tegic approach to the control of infectious diseases are ba-
sic and clinical research efforts to improve the diagnosis,
prevention, and treatment of the disease(s) in question.4 In
this regard, on the occasion of the 20th anniversary of the
recognition of the first cases of AIDS,5 it is appropriate to
reflect on the fact that the research effort in AIDS over the
past 2 decades serves as a model or paradigm of what can
be accomplished when a robust commitment of financial
and human resources is applied to a rapidly escalating pub-
lic health problem of enormous magnitude.

AIDS Research: Investment and Returns
US government funding for biomedical research related to
the human immunodeficiency virus (HIV) and AIDS has been
unprecedented in magnitude, dwarfing that of any other in-

fectious disease in history. Budget figures of the US Na-
tional Institutes of Health (NIH) are illustrative of the ex-
traordinary financial commitment to AIDS research
(FIGURE 1). Total NIH funding for HIV/AIDS research since
the recognition of AIDS in 1981 exceeds $20 billion (NIH
Office of Financial Management, written communication,
May 15, 2001); spending on AIDS research by other gov-
ernment agencies, pharmaceutical companies, philanthro-
pies, and other funders also has been substantial.

The returns on these investments have been extraordi-
nary and built rapidly on the explosion of knowledge in dis-
ciplines such as immunology and virology that occurred in
the 1960s and 1970s.6 Within 3 years of the recognition of
the first AIDS cases in 1981, the etiologic agent of the syn-
drome was discovered and causality proven.7 In 1984, a sen-
sitive and specific diagnostic test for antibodies to HIV was
developed and subsequently used in numerous seropreva-
lence surveys and other epidemiological studies to illumi-
nate the scope of the epidemic.8 Using this test, the blood
supplies in the United States and other developed coun-
tries were screened for HIV and rendered extremely safe by
1985.9 Extensive molecular analysis of HIV has delineated
the novel genetic organization of the virus and its complex
mechanisms for regulation of replication.10

This information, together with remarkable advances in
the understanding of the pathogenesis and natural history
of HIV disease, facilitated the rapid development of anti-
retroviral drugs that can limit HIV replication and immune
system damage and the formulation of strategies and guide-
lines for the use of these medications.11,12 Combination
therapy with potent antiretroviral drugs, referred to as highly
active antiretroviral therapy (HAART), has played a major
role in the dramatic decrease in morbidity and mortality due
to HIV disease in the United States and other developed coun-
tries13 (FIGURE 2). The possibility of greatly increased ac-
cess to these medications in poor countries may soon be re-
alized because of recent commitments to reduce the price
of antiretroviral drugs in developing nations and to estab-
lish the infrastructure to deliver them.14
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In addition to their role in the treatment of HIV-infected
individuals, certain antiretroviral drug regimens also have
been shown to dramatically reduce the risk of HIV trans-
mission from mother to child, in both developed and de-
veloping countries.15 The risk factors associated with HIV
transmission have been well defined, providing the foun-
dation for prevention efforts.16 In virtually all developed na-
tions and in certain developing countries (eg, Uganda, Sen-
egal, Brazil, and Thailand), education and behavioral
modification programs have proven effective in slowing the
spread of HIV.17 A safe and effective HIV vaccine has not
yet been developed. The reasons for this relate to a number
of formidable obstacles faced by vaccine developers, includ-
ing HIV clade and strain diversity and a lack of a clear un-
derstanding of the correlates of protective immunity in HIV
infection.18 Nonetheless, a considerable effort is being
mounted and promising candidate vaccines are in various
stages of preclinical and clinical development in the United
States and abroad.18

Much remains to be accomplished in AIDS research,
both in terms of the scientific and medical challenges of
HIV disease and with regard to the logistical and opera-
tional challenges of making HIV therapies, prevention ser-
vices, and other interventions available to poor countries.
However, the extraordinary research effort devoted to
AIDS during the first 2 decades of the pandemic and the
rapidity with which advances have been realized surpass
those associated with any other life-threatening infectious
disease in history and certainly any newly recognized dis-
ease. The successes of the research effort in AIDS over just
2 decades suggest that similar outcomes, ie, rapid advances
in understanding “new” or resurgent diseases and the
development of new interventions with direct relevance to
public health, could be achieved for other diseases that
exact an enormous toll but receive comparatively few
research resources.

In this regard, the opportunities for productive research
in tuberculosis, malaria, and other infectious diseases are
unprecedented, particularly in light of the availability and
application of genomic sequence information for Mycobac-
terium tuberculosis, Plasmodium falciparum, and scores of
other pathogenic microbes,19 as well as information regard-
ing host immunity that the Human Genome Project and re-
lated efforts surely will provide.20,21 Recently, a global health
research agenda delineated the many opportunities in tu-
berculosis, malaria, and HIV/AIDS research that could be
pursued with robust funding.22 Operational research also
is needed to illuminate how best to deliver proven control
strategies (eg, insecticide-treated bed nets for malaria; di-
rectly observed therapy for tuberculosis), as is the training
of scientists and the development of research infrastruc-
ture, in both rich and poor countries. In addition, the de-
velopment of vaccines, new drugs and diagnostics, and (in
the case of malaria) improved tools of vector control are fer-
tile research areas.

Driving Forces in the AIDS Research Effort
Although the need to devote substantial research resources
to AIDS was clear to many US public health officials from
the early days of the epidemic, a major impetus for the ra-
pidity and magnitude of the allocation of AIDS research fund-
ing was the highly effective pressure applied by AIDS
activists.23 Activist groups were comprised largely of ho-
mosexual men, the US constituency predominantly af-
flicted by HIV early in the epidemic. Their successes were
achieved through classic organized lobbying efforts as well
as theatrical demonstrations, the likes and extent of which
had never been as effectively applied by any other patient
or disease advocacy groups. Despite early skepticism re-
garding the magnitude of the threat posed by AIDS, the ef-
forts of well-informed and politically astute activists, to-
gether with those of committed local and federal public health
officials, resulted in the allocation of large sums of money

Figure 1. History of Human Immunodeficiency Virus and Acquired
Immunodeficiency Syndrome Research Funding at the US National
Institutes of Health
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Figure 2. Estimated Deaths of Persons With Acquired
Immunodeficiency Syndrome, 1993 Through 1999 in the United
States
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for AIDS research. Ultimately, the success of AIDS activists
and other advocates for AIDS research funding demon-
strated that decisions regarding the allocation of biomedi-
cal research resources can be influenced by aggressive and
creative lobbying by individuals within and outside of the
public health community.23 This lesson has been heeded by
advocates for other diseases such as breast cancer, diabe-
tes, and Parkinson disease, and, increasingly by advocates
of research for other infectious diseases of global health im-
portance, notably malaria and tuberculosis.

An important element in the sustained commitment to the
support of AIDS research has been the growing realization
by political leaders, in both the executive and legislative
branches, of the importance of global health to the interests
of the government and people of the United States. In recent
years, the concept that infectious diseases pose broad threats
to our national interests has been brought into sharp focus
by the HIV/AIDS pandemic. A number of observers, includ-
ing the US National Intelligence Council,24 have concluded
that the expansion of the AIDS epidemic has the potential to
greatly exacerbate social, economic, and political instability
in nations and regions of the world in which the United States
has significant economic and political interests.

Summarizing such concerns, the US Institute of Medi-
cine has concluded that “America has a vital and direct stake
in the health of people around the globe, and that this in-
terest derives from both America’s long and enduring tra-
dition of humanitarian concern and compelling reasons of
enlightened self-interest.”1 It is clear that the notion of “en-
lightened self-interest” has helped sustain funding for HIV/
AIDS research; increasingly, world leaders are realizing that
this concept has relevance to other diseases with a huge global
impact, notably tuberculosis and malaria. Similar to HIV/
AIDS, these diseases have the potential to provoke social frag-
mentation, economic decay, and political polarization in
countries where they are endemic and as such should be con-
sidered to be security as well as humanitarian issues de-
serving of robust research support.

Global Health and Foreign Policy: The AIDS Paradigm
In January 2000, the Security Council of the United Nations
made history when it devoted an entire session to HIV/AIDS,
the first time that body, normally concerned with issues of war
and peace, had focused specifically on a health issue.25 Sub-
sequently, AIDS has become a core issue of the Security Coun-
cil, and in June 2001 the United Nations convened a special
session of the General Assembly to discuss HIV/AIDS and for-
mulate aglobal response to thepandemic.26 In theUnitedStates,
the White House formally designated HIV/AIDS as a threat
to the national security of the United States, indicating that it
could potentially contribute to the fall of governments, incite
ethnic wars, and undermine decades of efforts to build free-
market economies abroad.27

Clearly, the AIDS pandemic in recent years has captured
the attention and interest of western leaders to an extent that

far exceeds the attention paid to malaria, tuberculosis and
other infectious diseases that have devastated populations
in developing countries for centuries. This is not surpris-
ing: AIDS was first recognized in the United States and other
developed nations and unlike many “tropical diseases” has
significantly impacted most developed nations. However,
within the past 2 years, the sheer magnitude of the global
pandemic has reached the public consciousness, including
an unprecedented focus on global health issues discussed
at the 13th International AIDS Conference in 2000, held for
the first time in a developing country—South Africa. Dis-
cussion at the conference focused public attention on global
health realities that had been little appreciated outside the
public health community: life expectancy for several sub-
Saharan African nations have taken a sharp turn down-
ward, with projections for continued decline, and the gross
domestic product for many nations in this region had de-
creased substantially as a result of the impact of HIV/AIDS
on the youngest and most productive segment of those so-
cieties.17,28 When the burden of AIDS is added to the toll ex-
acted by other major diseases, the collapse of poor nations
becomes a sobering possibility.

The recent recognition of the global threat of AIDS, su-
perimposed on almost 2 decades of domestic focus on HIV/
AIDS by the United States and other developed nations, has
led to a truly unprecedented galvanization of resources and
commitment on the part of governments, private founda-
tions, the World Bank, other international organizations, and
private industry toward curtailing this pandemic.14,29 The
building of infrastructure necessary for the delivery of the
fruits of AIDS research to developing nations has often been
considered beyond the realm of feasibility in the poorest
countries of the world. However, the intensity of the inter-
est and the diversity of commitments among public and pri-
vate enterprises have now brought such considerations to
the forefront.

Increasingly, the lessons of AIDS—including an apprecia-
tion of the need for sustained research efforts in addition to
classical public health measures—are being applied to other
important health threats. Initiatives aimed at enhancing the
development and delivery of vaccines not only for HIV/
AIDS but also for malaria and tuberculosis have been pro-
posed.22,29,30 In the US Congress, numerous legislative pro-
posals are being pursued to support the discovery and to
facilitate the delivery of therapeutics, vaccines, and other tools
of prevention for these 3 major killers (Senate bills:
S 463, 895, 1032, 1120, 1115, and 1116; House bills: HR 684,
933, 1167, 1168, 1185, 1269, 1504, 1567, 1771, 2069, 2104,
and 2209).30 Philanthropic foundations, particularly the Bill
and Melinda Gates Foundation, have contributed billions of
dollars, and pledged even more for global health initiatives,
most involving a variety of infectious diseases.29,31

The commitment of other nations to global health has like-
wise been catalyzed by the recognition of the real and po-
tentially catastrophic nature of the AIDS pandemic. At a meet-
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ing of the G8 nations in Okinawa in July 2000, a communiqué
was issued stating that “infectious and parasitic diseases, most
notably HIV/AIDS, tuberculosis and malaria, as well as child-
hood diseases and common infections threaten to reverse
decades of development and to rob an entire generation of
hope for a better future . . .”32 The communiqué articu-
lated goals of reducing the number of infections due to HIV/
AIDS, malaria, and tuberculosis by 25% to 50% by the year
2010, and these global health issues will be revisited dur-
ing the 2001 G8 summit in Italy.

The Future
The biomedical research and public health response to the
AIDS pandemic has clearly demonstrated that extraordi-
nary results can emanate relatively rapidly from large infu-
sions of resources. In addition, the brief history of the AIDS
epidemic has demonstrated that the galvanization of a broad-
based interest in global health can be accomplished by
considering not only humanitarian aspects of these prob-
lems, but also their relevance to issues of domestic health
and national security. In the 20th century, the “enlight-
ened self-interest” that allowed the physical sciences to play
an important role in foreign policy was related to fear en-
gendered by the cold war and the perceived need to de-
velop nuclear weapons, as well as by the race for space ex-
ploration. In the 21st century, the global nature of societies
and the recognition of the importance of global health will
likely be a factor in the formulation of US foreign policy.

In this regard, the potential for biomedical research to pro-
vide the tools for lasting solutions to the major infectious
disease killers and indeed all diseases that afflict mankind
is enormous. It remains critical that the medical and public
health communities continue to argue cogently for ad-
equate attention and sustained research support for all dis-
eases of global health importance. The biomedical research
experience with the AIDS epidemic should serve as an im-
portant paradigm in the pursuit of this goal.
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