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What Recent History Has Taught Us About Responding to Emerging
Infectious Disease Threats
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Presidential administrations face any number of unexpected crises during their tenure, and global pandemics are among the
most challenging. As of January 2017, one of the authors had
served under 5 presidents as the director of the National Institute
of Allergy and Infectious Diseases at the National Institutes of
Health. During each administration, the government faced unexpected pandemics, ranging from the HIV/AIDS pandemic, which
began during the Reagan administration, to the recent Zika outbreak in the Americas, which started during the Obama administration. These experiences underscored the need to optimize

preparation for and response to these threats whenever and
wherever they emerge. This article recounts selected outbreaks
occurring during this period and highlights lessons that were
learned that can be applied to the infectious disease threats that
will inevitably be faced in the current presidential administration
and beyond.

I

the ﬁeld of infectious diseases and an important mentor to Dr. Fauci, famously wrote in 1978, in reference to
the number of fellows scheduled to take the infectious
diseases certifying examination given by the American
Board of Internal Medicine, “Even with my great personal loyalties to infectious diseases, I cannot conceive
a need for 309 more infectious-disease experts unless
they spend their time culturing each other” (3). However, 3 years later, an event occurred that led to the
stark realization of the real and potential emergence
and reemergence of globally important infectious diseases, heralding a trend that would impact and inﬂuence each of the 5 administrations under which Dr.
Fauci served.
Less than 6 months into the ﬁrst year of the 2-term
Reagan administration (1981–1989), a puzzling cluster
of Kaposi sarcoma and Pneumocystis pneumonia
among young, previously healthy men who had sex
with men in New York City and California was reported
by the U.S. Centers for Disease Control (CDC; now the
Centers for Disease Control and Prevention) (4, 5).
These unusual cases were ﬁrst believed to be a curiosity limited to a small, marginalized segment of the U.S.
population. However, in an Annals of Internal Medicine
article written in 1981 and published in 1982 (6), Dr.
Fauci opined that “because we do not know the cause
of this syndrome, any assumption that the syndrome
will remain restricted to a particular segment of our society is truly an assumption without scientiﬁc basis.”
This admonition, together with similar warnings from
the CDC and other health authorities, presaged a pandemic of unfathomable magnitude. Currently, the Joint
United Nations Programme on HIV/AIDS estimates that
37 million persons are living with HIV infection globally,
and approximately 35 million have died of AIDS-related
illnesses since the start of the epidemic (7).
The Reagan administration, particularly during its
ﬁrst term, was strongly criticized for failing to utilize its
bully pulpit to galvanize efforts against this emerging
threat (8). Although many infectious disease outbreaks
begin dramatically and generate considerable public
attention, the insidious emergence of HIV/AIDS and the

n mid-January 2017, before the U.S. presidential inauguration, the outgoing Obama administration convened a meeting with most of the cabinet nominees of
the incoming administration of President-elect Donald
Trump to brief them on the types of unanticipated
emergencies they might face (1). In addition to terror
attacks, cyberattacks, and natural disasters, outbreaks
of infectious diseases were presented as a likely threat.
One of us (Anthony S. Fauci) attended that meeting
along with other members of the Department of Health
and Human Services to discuss emerging infectious diseases. The meeting prompted us to reﬂect on infectious disease challenges that have arisen during the 5
administrations under which Dr. Fauci has served as director of the National Institute of Allergy and Infectious
Diseases (NIAID) at the National Institutes of Health
(NIH) since his appointment in 1984. During this period, each administration was confronted with the need
to manage ongoing or established infectious diseases
as well as new and reemerging infectious disease
threats. This review highlights selected infectious disease outbreaks occurring during this period that are
especially memorable and have helped to shape and
reﬁne the role of the NIAID's research and public health
response to such threats. Because current and as-yet
unknown infectious diseases will continue to challenge
us, these experiences may also serve as lessons that
can be applied during the inevitable public health crises to come.
Infectious diseases, as both a discipline and a research ﬁeld, were generally perceived as rapidly losing
prominence among the key components of public
health activity when Ronald Reagan assumed the Presidency of the United States in 1981. Many agreed with
Nobel Prize winner and eminent virologist Sir F. Macfarlane Burnet and his colleague Dr. David O. White,
who had written a decade earlier that “to write about
infectious disease is almost to write of something that
has passed into history . . . the most likely forecast
about the future of infectious disease is that it will be
very dull” (2). To make matters worse for the perception
of the ﬁeld, Dr. Robert G. Petersdorf, an iconic ﬁgure in
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lack of due attention by policymakers illustrate how
some outbreaks that start subtly can grow to global
proportions if they are not aggressively addressed
early on.
The NIH began building an HIV/AIDS research program from the ground up. Upon Dr. Fauci assuming the
directorship of the NIAID in 1984, the institute immediately scaled up its research effort after the co-discovery
of HIV as the cause of AIDS by Luc Montagnier, Françoise Barré-Sinoussi, and their team at the Institut Pasteur in Paris, France (9), and Robert Gallo and his team
(10) in the NIH Intramural Research Program. Of note, a
distinct AIDS program to fund extramural researchers
was established to bring investigators into a ﬁeld that
desperately needed a rapid inﬂux of scientists from different disciplines.
During its second term, the leadership of the Reagan administration took a more active public role in
response to the AIDS outbreak with the 1986 issuance
of the “Surgeon General's Report on Acquired Immune
Deﬁciency Syndrome” (11) and the subsequent establishment of the ﬁrst AIDS Commission, announced
when Reagan visited the NIH on 23 July 1987. Despite
this increased effort, these actions were regarded by
activists as inadequate for the challenge at hand.
Simultaneously, in anticipation of his running for
president in 1988, then–Vice President George H.W.
Bush began taking an interest in the emerging HIV/
AIDS pandemic. He visited the NIH Clinical Center on 8
April 1987 and met with HIV-infected patients and NIH
researchers to learn ﬁrsthand about HIV/AIDS (12).
Building on the interest he showed while vice president, upon becoming president in 1989, he took a
much different approach from his predecessor in recognizing and responding to the growing HIV/AIDS epidemic. At that time, only a few years after HIV had
been identiﬁed, patients generally presented to health
care providers with advanced disease and a life expectancy ranging from a few months to 1 or 2 years (13,
14). Given the rapidly mounting death toll, federal
funding for HIV/AIDS research was increased to more
than $1 billion by the end of the George H.W. Bush
administration.
Over the coming years, this signiﬁcant investment
in science led to extraordinary advances in all aspects
of HIV/AIDS research, from viral pathogenesis to immunopathogenesis, laying the groundwork for the development of targeted antiviral therapy. Such research ultimately resulted in the introduction of combinations of
antiretroviral drugs that transformed HIV/AIDS from a
nearly universally fatal disease to a manageable illness
in areas of the world where such drugs are available.
The accelerated U.S. government response to the HIV/
AIDS epidemic, which had its beginnings in the George
H.W. Bush administration, demonstrated the importance of investing resources in fundamental scientiﬁc
research, including research infrastructure. It also put
into sharp focus the critical need to promote direct
communication with affected communities and to garner the support of political leaders and policymakers in
responding to public health crises. The evolution of this

approach was slow at ﬁrst, and the unrelenting pressure of HIV/AIDS activists played a critical role in accelerating the process (15). It soon became clear that
there were distinct advantages of early participation of
involved communities in the government response to
the HIV/AIDS pandemic in the areas of public health
and biomedical research.
The Clinton administration (1993–2001) was confronted with both the ongoing management of
the HIV/AIDS pandemic and 2 new infectious disease
challenges: the emergence of H5N1 avian inﬂuenza
and the reemergence of West Nile virus in the Americas. With regard to the HIV/AIDS pandemic, the administration's sustained and accelerated investment in NIH
research and strong collaboration with pharmaceutical
companies continued to fuel scientiﬁc discoveries, particularly in the arena of treatment. This led to advances
in combination antiretroviral therapy (ART) that have
transformed the lives of HIV-infected persons. The 1- to
2-year median survival seen in the early years of the
pandemic increased dramatically and set the stage for
what we see today: an almost normal life expectancy
for persons who are diagnosed early and maintain viral
suppression through combination ART (16). To complement ongoing treatment research, attention turned to
the importance of developing an HIV vaccine, and the
NIH refocused its HIV vaccine efforts on basic immunology to accelerate the development of potential candidates. To address this key goal, and with strong encouragement from the NIH, in 1997, President Clinton
announced the establishment of an NIH Vaccine Research Center (VRC). This facility, now part of the NIAID,
has made pivotal contributions to HIV/AIDS research
while also evolving into a critical component of the
NIAID's response to other chronic and emerging infectious diseases.
In 1997, during its second term, the Clinton administration was faced with the emergence of H5N1 avian
inﬂuenza in Hong Kong (17, 18). These infections were
highly concerning given that international travel had
increased dramatically by the turn of the millennium,
underscoring the reality that we live in a global community. The NIAID followed this outbreak carefully and
noted that mortality in persons infected directly
through contact with birds was a striking 33% (18). Fortunately, the virus did not achieve the capacity to
spread efﬁciently from person to person, and aggressive culling of poultry by the Hong Kong health authorities resulted in a temporary end to the outbreak. However, this event led to close surveillance for and
attention to “prepandemic” viruses that threaten to
evolve into pandemic inﬂuenza viruses. However, the
H5N1 prepandemic inﬂuenza virus would capture our
attention again.
In addition to the emergence of H5N1 avian inﬂuenza, the Clinton administration was faced with the reemergence of West Nile virus, a well-known global infectious disease that had never been observed in the
Americas. West Nile virus is a classic example of an old
infection that reemerges in a new geographic location.
This ﬂavivirus, previously endemic to Africa and the
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Middle East, ﬁrst appeared in the Americas in 1999,
causing 59 cases of encephalitis and 7 deaths in New
York (19). The virus spread rapidly and has since become endemic in the continental United States. In response to this outbreak, the NIAID VRC developed a
vaccine against West Nile virus and completed a phase
1 clinical trial (20). Unfortunately, the vaccine was not
developed further because of the lack of an industry
partner. However, it showed the utility of a new vaccine
platform (DNA) that would undergo advanced development in a subsequent ﬂavivirus outbreak.
The George W. Bush administration (2001–2009)
was faced almost immediately with 2 unprecedented
domestic public health emergencies. The devastating
terrorist attacks of 11 September 2001 were followed
within days by detection of anthrax spores in letters to 2
U.S. senators and certain members of the press, likely
the result of a deliberate release in the postal system.
Twenty-two persons were known to have been infected
with anthrax, 5 of whom died (21). With a substantial
infusion of new funding, these attacks spurred the
launch of a massive endeavor focused on public health
preparedness for bioterrorist threats, particularly but
not exclusively from infectious diseases. At the time of
the anthrax attacks, the NIAID had a modest basic science research program on potential agents of bioterrorism (22). In response to the attacks, the institute issued a series of initiatives and used newly obligated
resources to greatly expand its research portfolio. In
2002, the NIAID published its “Strategic Plan for Biodefense Research” (23) and the “NIAID Biodefense Research Agenda for CDC Category A Agents” (24). The
reinvigorated research effort focused heavily on
countermeasure development and led to several key
achievements, including the development of vaccine
candidates against smallpox and Clostridium botulinum, antivirals for smallpox, antitoxins for anthrax and
botulinum, and the ﬁrst clinical Ebola vaccine trials. At
that time, Ebola was among a group of hemorrhagic
fever viruses categorized as CDC category A agents
and known to have been stockpiled by the former
Soviet Union (25). The importance of the basic and
translational research on Ebola conducted during the
George W. Bush administration was not fully appreciated until later.
Although the anthrax attacks generated considerable public fear and even panic about the use of biological agents in acts of bioterrorism, NIAID leadership
and many scientiﬁc and public health colleagues believed that the natural emergence of a virulent pathogen was an even greater threat (26). Nowhere was this
more clearly illustrated than during the next few years
of the George W. Bush administration, when severe
acute respiratory syndrome emerged in 2002 and
H5N1 inﬂuenza reemerged in 2003.
In late 2002, several cases of an unexplained severe atypical pneumonia were reported in the Guangdong province of China, and by February 2003, the
number of cases totaled more than 300, with at least 5
deaths (27). Shortly thereafter, this disease, by then
termed severe acute respiratory syndrome (SARS), reAnnals.org
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sulted in worldwide panic as it spread globally via air
travel, with sporadic cases in some countries and more
sustained clusters of transmission in others. The SARS
pandemic, which was subsequently found to be caused
by a novel coronavirus, resulted in 8096 cases and 774
deaths before the outbreak ended (28) and had a substantial negative effect on national and global economies. The outbreak was successfully controlled with
classic public health measures, including early case
identiﬁcation, patient isolation, and use of personal
protective equipment by health care workers, even before speciﬁc countermeasures were developed. The
NIAID played a critical role in the research response to
SARS, developing preclinical vaccine candidates in less
than a year by using several novel technologies (29 –
31). Given the resolution of the SARS pandemic, the
leading vaccine candidates were not commercially developed; however, they are serving as templates for
vaccine approaches to other coronaviruses. Moreover,
this rapid response set the pace for our research response to future infectious disease threats.
On the heels of the SARS outbreak, H5N1 inﬂuenza
reemerged in East and Southeast Asia in 2003, causing
infections in both birds and humans (18). Person-toperson transmission was suspected in several case clusters, and although it was inefﬁcient, it caused global
concern that the virus might mutate to adapt itself to
humans and precipitate the next worldwide inﬂuenza
pandemic (32). In response, an all-government approach to pandemic preparedness was developed, culminating in the publication of a “National Strategy for
Pandemic Inﬂuenza” (33) and related implementation
plans. Congress, responding to the Bush administration's request, provided billions of dollars in emergency spending to combat the threat of a global inﬂuenza pandemic. The NIAID, together with its grantees
and contractors, played a key role in testing vaccine
candidates against H5N1 inﬂuenza, some of which
were later manufactured and placed in the Strategic
National Stockpile.
Contemporaneous to these emerging infectious
disease threats, the global HIV/AIDS epidemic continued to expand, fueled in large part by an explosive
increase in infections in sub-Saharan Africa. In 2003,
approximately one third of the population of several
sub-Saharan African countries was infected with HIV,
and more than 20 million persons had died of AIDS
(34). Despite the availability of safe and effective therapies to treat HIV infection, only a fraction of infected
persons were receiving treatment. In response to this
crisis, President George W. Bush launched a $15 billion, 5-year program, named the President's Emergency Plan for AIDS Relief (PEPFAR), in 2003. This program had ambitious goals, including preventing 7
million new HIV infections; treating 2 million HIVinfected persons; and providing care, such as basic
medical services, education, and social support, for 10
million HIV-infected persons and AIDS orphans (35).
PEPFAR, which has received continuous funding, is the
largest global health initiative for a single infectious disease that has ever been implemented by any country.
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Figure. Global examples of emerging and reemerging infectious diseases.

HIV

Antimicrobialresistant threats
- CRE
- MRSA
- C. difficile
- N. gonorrhoeae

West Nile virus
Enterovirus D68

Cryptosporidiosis
Powassan virus

Ebola virus disease
E. coli
Drug-resistant malaria
O104:H4

Diphtheria

MERS-CoV
Akhmeta virus
Rift Valley fever
Typhoid fever

H3N2v influenza
Cyclosporiasis
E. coli O157:H7
Measles
Human
monkeypox

SFTSV
bunyavirus

Hepatitis C
Lyme
disease

E. coli
O157:H7

vCJD

H10N8
influenza
H7N9
influenza

Listeriosis
Bourbon virus

Lassa
fever

2009 H1N1
influenza

H5N1
influenza
SARS

HIV

Nipah
virus

Adenovirus 14
Anthrax
bioterrorism

Hendra
virus

Chikungunya
Hantavirus
pulmonary
syndrome

Enterovirus 71
Dengue

Human monkeypox
Ebola virus disease

Zika virus
Yellow fever

Human African trypanosomiasis

Cholera

Newly emerging

Marburg
hemorrhagic fever

MDR / XDR tuberculosis

Reemerging/resurging

Zika virus
Plague

“Deliberately emerging”

C. difﬁcile = Clostridium difﬁcile; CRE = carbapenem-resistant Enterobacteriaceae; E. coli = Escherichia coli; H3N2v = H3N2 variant; MDR =
multidrug-resistant; MERS-CoV = Middle East respiratory syndrome coronavirus; MRSA = methicillin-resistant Staphylococcus aureus; N. gonorrhoeae = Neisseria gonorrhoeae; SARS = severe acute respiratory syndrome; SFTSV = severe fever with thrombocytopenia syndrome virus; vCJD =
variant Creutzfeldt–Jakob disease; XDR = extensively drug-resistant. Top. Map of the world drawn in the early 1980s and indicating the predominant
newly emerging infectious disease at that time (HIV). Bottom. Accumulation of some newly emerging and reemerging infectious diseases since the
early 1980s and several that were encountered before then. Some infectious disease outbreaks have had major global health impact, whereas
others have appeared as curiosities, with little public health impact. Adapted from reference 50.

As of March 2017, PEPFAR had treated 12.3 million
HIV-infected men, women, and children with ART;
funded 12.5 million voluntary medical male circumcisions in eastern and southern African nations to reduce

the risk for HIV transmission; and provided care for
more than 6.2 million orphans and vulnerable children
to decrease the physical, psychological, and ﬁnancial
impact of HIV on this high-risk group (36, 37).
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Similar to the George W. Bush administration, the
Obama administration (2009 –2017) experienced the
ﬁrst of several unanticipated infectious disease threats
in the early months of its ﬁrst term. The H1N1 inﬂuenza
pandemic, the ﬁrst inﬂuenza pandemic of the 21st century, began in April 2009, just months after the inauguration. Because seasonal inﬂuenza vaccines offered little or no protection against this newly emerged virus,
Congress acted quickly to give the Department of
Health and Human Services signiﬁcant additional resources in anticipation of a second phase of the outbreak in the fall and winter of 2009. Vaccine development was deemed to be the highest priority, and in
early August 2009, as soon as an experimental vaccine
was available, the NIAID began rapidly enrolling volunteers into a clinical trial conducted by its Vaccine and
Treatment Evaluation Units network. However, despite
intense efforts to rapidly develop and test the vaccine,
trial results and vaccine supplies were not available until the late fall and early winter, after the outbreak had
peaked (38).
This experience served as a striking reminder of
the inadequacy of our pandemic preparedness capabilities and underscored the need, now being actively
pursued, to develop platform technologies that can be
applied rapidly to develop vaccines for evolving outbreaks. As in the example of inﬂuenza, history has
shown that we will be continually threatened by
prepandemic and pandemic viruses and that it is extremely difﬁcult to “chase” an emerging virus. The need
to develop a more broadly protective “universal” inﬂuenza vaccine that is effective against seasonal as well as
novel inﬂuenza viruses has become clear, and the
NIAID has made the marshaling of talent from multiple
scientiﬁc disciplines to actively pursue the development of such a vaccine a top priority.
Infectious disease outbreaks continued to dominate the global health arena throughout the Obama
administration. The 2009 H1N1 inﬂuenza pandemic
was followed in quick succession by outbreaks of chikungunya in the Caribbean in 2013; Ebola in West Africa in 2014; and, ﬁnally, Zika in the southern regions of
the Americas in 2015. Chikungunya virus, an alphavirus
that had previously caused outbreaks in parts of Africa,
Asia, Europe, and the Paciﬁc islands, was ﬁrst noted in
the Caribbean in 2013 and subsequently spread rapidly throughout the Caribbean and Central and South
America. It has since caused disease in approximately 2
million persons in the region, with outbreaks ongoing
in many countries (39). The NIAID VRC responded
quickly to this threat by developing a novel chikungunya virus–like particle vaccine (40) that is currently in a
phase 2 study. This rapid response is a dramatic example of the power of utilizing preexisting platform technologies to expedite vaccine development during an
outbreak.
The reemergence of chikungunya virus was followed by the devastating Ebola crisis in West Africa,
which peaked in 2014. This outbreak was the result of a
“perfect storm” in which a lethal disease spread rampantly in the crowded urban centers of countries that
Annals.org
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Table. Optimal Response to Emerging Infectious Disease
Outbreaks: Lessons Learned
Global surveillance to detect outbreaks early
Transparency and communication in response to outbreaks
Incorporation of infrastructure and capacity building domestically and
internationally in outbreak responses
Conduct of basic and clinical research associated with outbreaks in a
coordinated and collaborative manner
Involvement of the afﬂicted communities in policy decisions
Pursuit and perfection of adaptable platform technologies for
vaccines, diagnostics, and therapeutics
Importance of ﬂexible funding mechanisms

lacked public health infrastructure. By the end of the
outbreak, Guinea, Liberia, and Sierra Leone reported
more than 28 000 cases of Ebola, with 11 310 deaths
(41). The American public reacted to Ebola with a level
of fear and panic that was disproportionate to the actual risk to the U.S. population. Although several Ebolainfected persons were treated in the United States, all
but 2 of the cases were acquired during health care
provision in countries affected by the epidemic. In addition, most U.S. cases were treated in specialized isolation units by highly trained personnel and posed no
danger to the general public. The NIH Clinical Center
Special Clinical Studies Unit was one such facility, successfully treating 2 Ebola-infected persons.
In response to the Ebola crisis, the NIH, at the request of the Liberian Ministry of Health, launched a
unique collaboration, the Partnership for Research on
Ebola Virus in Liberia (PREVAIL), to better understand
the natural history of Ebola and to build a clinical research infrastructure to evaluate candidate vaccines
and therapeutics. PREVAIL-sponsored studies of several vaccine candidates (42) and the monoclonal antibody therapy ZMapp (Mapp Biopharmaceutical) (43)
showed that even during an outbreak, rigorous clinical
trials are both feasible and welcomed by affected populations. These trials offered important information to
guide responses to future Ebola outbreaks. However, in
the end, infrastructure development; close collaboration with the host countries; and the implementation of
classic public health measures, such as safe burial practices and meticulous contact tracing, brought this historic epidemic to a halt.
The arrival of Zika virus in the Americas was the
ﬁnal major infectious disease threat confronted during
the Obama administration. Zika virus, an obscure ﬂavivirus believed to have limited clinical signiﬁcance, was
detected in Brazil in 2015 and was thrust into the public
eye when it was linked to an upsurge in microcephaly
in Brazil (44) and other countries. Zika virus has since
spread throughout the southern regions of the Americas, causing widespread disease. Puerto Rico and other
U.S. territories were hit especially hard by locally transmitted infections. In addition, thousands of travelrelated cases were seen in the continental United
States, together with more than 200 locally transmitted
cases in Florida and a small cluster of infections in
Texas (45). In addition to microcephaly, Zika virus has
been linked to several other congenital abnormalities
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(46), as well as serious clinical manifestations in adults,
such as Guillain–Barré syndrome (47) and encephalitis
(48). In response to this outbreak, the NIH rapidly
launched a comprehensive research program to better
understand the natural history and pathogenesis of
Zika and develop effective countermeasures, such as
vaccines. One NIH vaccine candidate, the VRC's investigational DNA vaccine, was created by utilizing a platform initially developed for West Nile virus. The time
frame from obtaining the sequence of Zika virus to the
initiation of a phase 1 clinical trial in humans was an
extraordinarily short 3 to 4 months (49), and the vaccine
candidate is currently in a phase 2/2b clinical trial,
again demonstrating the importance of perfecting platform technologies to permit rapid vaccine development during an outbreak.
In 1984, when Dr. Fauci became director of the
NIAID, he drew a map of the world for presentation at a
congressional hearing that showed a single notable
emerging infectious disease threat: HIV (Figure, top).
Since then, he has continually updated the map, now
showing the emergence of numerous infectious disease threats to illustrate the experiences of the past 33
years as well as highlighting certain infections that had
emerged before HIV (Figure, bottom).
The current administration will undoubtedly be
challenged by unanticipated infectious disease outbreaks. Leadership at the NIAID has learned many valuable lessons through experiences during the prior administrations with regard to optimal responses to such
outbreaks (Table). It is critical to apply these lessons to
the infectious disease threats that we will inevitably face
in the current administration and beyond. Contrary to
the predictions of infectious disease leaders of the mid–
20th century, such as Sir F. Macfarlane Burnet (2) and
Robert G. Petersdorf (3), we have not seen the end of
the era of infectious diseases. We are certain that were
these men alive today, both would agree emphatically
and would encourage us to remain vigilant and prepared (50).
From Ofﬁce of the Director, National Institute of Allergy and
Infectious Diseases, National Institutes of Health, Bethesda,
Maryland
Note: This article is based on a lecture given by Anthony S.
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Physicians.
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