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Special Issue

About the International Conference on
Emerging Infectious Diseases

Stephen A. Morse
Centers for Disease Control and Prevention, Atlanta, Georgia, USA

More than 2,500 researchers, clinicians,
laboratorians, veterinarians, and other public
health professionals from all 50 states and more
than 70 countries convened in Atlanta on March
8-11, 1998, for the International Conference on
Emerging Infectious Diseases. The conference,
organized by the Centers for Disease Control and
Prevention (CDC), the Council of State and
Territorial Epidemiologists, the American Soci-
ety for Microbiology, and the National Founda-
tion for CDC along with 62 other cosponsors,!
provided a forum for the exchange of ideas and
possible solutions to the problems of new and
reemerging infectious diseases, including poten-
tial threats presented by bioterrorism. Several
agencies and organizations sponsored satellite
partnership meetings on March 8 and March 12.

More than 85 sessions (12 plenary sessions, 17
invited panels, 35 poster sessions, and late-
breaking abstracts) were presented on surveil-
lance, epidemiology, prevention, and control of
emerging infectious diseases, as well as emergency
preparedness and response and reemerging or
drug-resistant infectious diseases. Topics included
foodborne diseases, infectious diseases transmitted
by animals and insects, nosocomial infections,
infections in immunocompromised patients and
persons outside the health-care system, infectious

causes of chronic disease, blood safety, host
genetics, vaccines, global climate change, and
immigration and travel.

In delivering the keynote address, Nobel
laureate Joshua Lederberg reviewed the scien-
tific basis for the emergence of infectious
diseases. U.S. Health and Human Services
Secretary Donna Shalala and Assistant Secre-
tary for Health and Surgeon General David
Satcher, along with representatives from the
World Health Organization, the Pan American
Health Organization, and the U.S. Agency for
International Development, and representatives
from academia and industry addressed the
national and international ramifications of
emerging infections. In closing the conference,
James Hughes, director, National Center for
Infectious Diseases, CDC, stressed the impor-
tance of building bridges and forging new
partnerships to prevent and control the
emergence of infections into the next millennium.

In publishing the conference presentations
and discussions in this journal, the organizers
hope to capture the energy expressed by all
participants, further disseminate new informa-
tion on emerging infections, and stimulate more
research and other initiatives against this
important public health threat.

1Alliance for the Prudent Use of Antibiotics, American Academy of Pediatrics, American Association of Blood Banks, American
Association of Health Plans, American Cancer Society, American College of Preventive Medicine, American Hospital
Association, American Medical Association, American Mosquito Control Association, American Public Health Association,
American Sexually Transmitted Diseases Association, American Society of Clinical Pathologists, American Society of Tropical
Medicine and Hygiene, American Veterinary Medical Association, Association of American Veterinary Medical Colleges,
Association of Schools of Public Health, Association of State and Territorial Directors of Health Promotion and Public Health
Education, Association of State and Territorial Health Officials, Association of State and Territorial Public Health Laboratory
Directors, Association of Teachers of Preventive Medicine, Burroughs Wellcome Fund, Emory University School of Medicine,
Fogarty International Center, Food and Drug Administration, Indian Health Service, Infectious Diseases Society of America,
International Life Sciences Institute, International Society for Infectious Diseases, International Society of Travel Medicine,
International Union for Health Promotion and Education, International Union of Microbiological Societies, Minority Health
Professions Foundation, Morehouse School of Medicine, National Aeronautics & Space Administration, National Association
of City and County Health Officials, National Association of State Public Health Veterinarians, National Council for
International Health, National Foundation for Infectious Diseases, National Hispanic Medical Association, National Institute
of Allergy and Infectious Diseases, National Medical Association, National Oceanographic & Atmospheric Administration,
Office of Science and Technology Policy, Pan American Health Organization, Rollins School of Public Health of Emory
University, Society for Healthcare Epidemiology of America, Society for Occupational and Environmental Health, Society for
Public Health Education, The Carter Center, The Henry J. Kaiser Family Foundation, The HMO Group, The Robert Wood
Johnson Foundation, The Rockefeller Foundation, The World Bank, U.S. Agency for International Development, U.S.
Department of Agriculture, U.S. Department of Defense, U.S. Department of State, U.S. Department of Justice (INS), U.S.
Department of Veterans Affairs, U.S. Environmental Protection Agency, World Health Organization.
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Collaboration in the Fight Against
Infectious Diseases

Donna E. Shalala
U.S. Secretary of Health and Human Services

Two hundred years ago, the U.S. Public
Health Service, of which the Centers for Disease
Control and Prevention (CDC) is an essential
part, began as a humble maritime hospital in
New York City. Its mission was simply to stop
infectious disease from coming in on ships and
spreading across our country. Today, as we
celebrate the anniversary of the Public Health
Service, another historic event has occurred. One
of the great detective hunts of the 20th century
came to an end. Scientists at the U.S.
Department of Defense confirmed that tissue
from a woman’s body buried near the Bering
Strait contains genetic material from the 1918
Spanish flu virus—the virus that caused the
worst pandemic the world has ever known. This
discovery will help us map the genetic structure
of the microbe that sent a wave of death crashing
around the globe 80 years ago.

It is hard to believe today that flu could be so
nearly apocalyptic. In just 11 months, at least 24
million people died, and most of humanity was
infected. The infected often never knew what hit
them; in the morning they felt fine; by night they
could be dead—drowned as the lungs filled with
fluid. There was no explanation, no protection,
no cure. The pandemic produced scenes from a
gothic horror novel—but it was all too real. In
Philadelphia alone, 11,000 died of the flu in a
single month. The dead were left in gutters, and
death carts roamed the city in a surreal scene
from medieval times. As the deaths mounted all
over the world, orderly life began to break
down. Schools and churches closed; farms and
factories shut down; homeless children wan-
dered the streets; their parents vanished. The
acting U.S. Army Surgeon General, Victor
Vaughn, calculated that if the pandemic
continued its mathematical rate of acceleration,
it soon could spell the end of humankind.

But then, as silently, as mysteriously, as
quickly as it came, the terror began to fade away.
People stopped dying. The victims were buried.

Emerging Infectious Diseases

Life returned to normal. The great flu was soon
pushed off the front pages and out of the public
eye. When avian flu first appeared last year, we
wondered if perhaps another pandemic had
begun. An influenza subtype that had never
before produced illnesses or deaths in humans
now did. While it appears that the spread of avian
flu has halted without the appearance of human-
to-human transmission, the danger is far from
over because the critical period may be just
beginning—this is the start of the traditional flu
season in Hong Kong.

The emergence of avian flu points up a
broader concern: complacency over infectious
disease. It is easy to assume that modern
medicine has defeated this enemy once and for
all. Our comfort is a natural byproduct of our
progress and success—the remarkable break-
throughs in antibiotics and vaccines, thanks to
the work of scientists and researchers worldwide.
We eradicated smallpox—consigning one of
history’s deadliest killers from the medical books
to the history books. But infectious disease
remains the leading cause of death worldwide
and the third leading cause in the United States.
While we may be winning some old battles, we are
struggling with some new adversaries—emerg-
ing infectious diseases such as Ebola, hantavirus
infection, new strains of tuberculosis (TB), AIDS,
and Lassa fever, to name a few. In fact, the World
Health Organization (WHO) has labeled the
growing threat of infectious disease a global
crisis.

The time has come to replace complacency
with a new sense of urgency—to launch a
renewed, unified, global effort against infectious
disease. Nature may have the power to create a
pandemic—but together we have the power to
prevent it, to stopit, to overcome it, to cure it. And
there is no time like the millennium. For today,
history and human progress have created an
“ironic contradiction” in the fight against
infectious disease: some of the same forces that

354 Vol. 4, No. 3, July-September 1998
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invite pandemics can also be harnessed to fight
pandemics. With the globalization of travel and
trade, immigration, communication, and indus-
trialization, we have a smaller world with porous
borders. Nations are more interconnected, people
are more interdependent, and humanity is less
divided by what the Indian poet Tagore called our
“narrow domestic walls.” So the bad news is that
we have fewer barriers against the spread of
infectious disease; yet the good news is that those
fewer barriers mean new avenues to progress and
the potential for sharing information and efforts
to stop infectious disease.

We now have the power to push infectious
diseases off the world stage but only if
governments, world health organizations, the
private sector, scientists, and researchers work
together with a global strategy. How do we
successfully wage this global battle against
infectious disease? The answer lies in what we
can learn from the 1918 pandemic; it provides
three important lessons—challenges for all of us.

The first lesson is that we must assume it
could happen again. Influenza pandemics have
regularly swept the world every 10 to 40 years,
and it has been 30 years since the last influenza
pandemic, Hong Kong flu, killed 700,000. Nature is
creative, and the flu has great potential for
mutating. If a strain changes dramatically, we
could suddenly have a virus for which we may
have no immunity, no vaccine, and no cure. The
threat is not just the flu—the spectrum of new
infectious diseases is constantly expanding,
while old diseases, such as TB, have evolved into
entirely new Kkillers because they developed
antibiotic resistance.

The advent of antibiotics in the 1940s was one
of the chief reasons we began to defeat infectious
disease. However, almost as soon as antibiotics
were available, microbes mutated and developed
resistance. In the 1950s to 1970s, we produced so
many new antibiotics that there was always an
alternative medication; today, the flood of new
antibiotics has diminished to a trickle, while the
microbes have continued to grow resistant.
Antibiotic-resistant bacteria are becoming more
common in hospitals and among patients with
depressed immune systems. In Japan in 1996 and
in the United States last year, we started to see a
strain of staphylococcus infection, the most
common hospital-acquired infection, which could
sometimes withstand vancomycin—our most
potent treatment. But almost simultaneously,
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the first antibiotic to fight a new generation of
“super bugs,” Synercid, won limited approval
from a Food and Drug Administration (FDA)
advisory panel. If it wins full approval, it will be
the first drug in a new arsenal of weapons. FDA
continues to work with drug manufacturers to
bring new antibiotics to market as safely and
rapidly as possible.

Antibiotic resistance is not just a medical
problem; it is also a behavioral problem. Patients
too often demand antibiotics for every illness—
even for viral infections (like the flu) that do not
respond; patients often do not finish the course of
medication, allowing the remaining bacteria to
develop resistance; many doctors overprescribe;
and the pharmaceutical industry has limited its
antibiotic development because of cost. The
widespread use of antibiotics in farm animals
may also be helping the spread of drug-resistant
genes. Given the consequences, we must act now to
combat the diminishing effectiveness of antibiotics.
That is why CDC is strengthening surveillance and
implementing education campaigns about the
problem, why the National Institutes of Health
(NIH) is studying resistance, and why FDA is
promoting judicious antibiotic use. But this is not
a job for government agencies alone. Each and
every one of us who understands the risks needs
to spread the message that antibiotics are being
misused, abused, and overused.

The next pandemic could also result not from
a mutating bug or ineffective antibiotics but from
an act of bioterrorism. Whether bioterrorism is
state sponsored or undertaken by a lone terrorist,
it is not just a problem for the military or law
enforcement; it is also a challenge for the entire
public health community. If a specific threat is
issued—perhaps someone claims to have released a
toxic agent in a public place—trained public health
officials must first verify that an incident has
occurred. They may need to decontaminate the
area, identify exposed populations, and deliver
preventive measures and treatments. Too often,
athreatisnotissued, nowarningis given. In such
a situation, public health officials must first
quickly determine the deadly agent, the route of
exposure, and the likely source.

The U.S. Department of Health and Human
Services (DHHS) is coordinating with our
partners in other agencies and the military to
ensure the proper training of state and local
health officials, the availability of vaccines and
drugs, and the enhancement of our surveillance

Emerging Infectious Diseases
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capacity and expertise. There is also an
administrationwide effort to train emergency
response teams and health-care providers in 120
cities. We must enhance our ability now to
address the growing threat of bioterrorism.

The second lesson concerns preparation for a
potential pandemic. We cannot wait until the
next deadly microbe appears on the world stage.
Therefore, since 1993, HHS has been leading a
federal, state, and local effort to develop a
“pandemic influenza plan.” As a result of the
avian flu episode, we have sped up the process to
complete the plan and pursue its full implemen-
tation. Meanwhile, CDC is studying the impact of
antiviral medications and alternative ways to
produce vaccines. NIH is working with the
pharmaceutical industry to develop and test
innovative vaccines, including a nasal spray that
delivers an inoculation dose of the virus. FDA is
issuing new drug permits for experimental
influenza vaccines. With new viruses knocking at
the door, we cannot afford to be caught unprepared.
Because only in the movies can we save the world
from a deadly disease in just 24 hours.

We need commitment in responding to all
emerging infectious disease. We need a world-
wide “surveillance and response network” that
can quickly identify and stop an outbreak. We
have already laid the groundwork for such a
system with bilateral and multilateral talks on
disease monitoring with our partners in Europe,
Japan, Asia, and Africa. For example, at the
Denver Summit in 1997, the group of eight
industrialized nations, including the United
States, pledged to help develop a global disease
surveillance network and coordinate an interna-
tional response to infectious disease. Working
through the Trans-Atlantic Agenda with the
European Union (EU), the United States and EU
countries have begun to share surveillance data
on Salmonella infections. Additionally, through
the U.S.-South Africa Bilateral Commission, our
two countries are training health personnel in
South Africa in surveillance and applied
epidemiology. I look forward to working closely
with WHO to further globalize our approach to
surveillance and response.

U.S. agencies are already supporting the
efforts of WHO to improve communications
networks and to build regional centers for
monitoring disease. CDC and WHO jointly run 12
world monitoring stations for the flu alone.
Perhaps the best example of the kind of
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monitoring and surveillance system needed
worldwide is the excellent system that stopped
the avian flu outbreak in Hong Kong. On a
routine basis, officials collect throat swabs from
people with flulike symptoms. The samples are
analyzed, and if suspicious, they are immediately
sent to CDC, which functions as one of the WHO
International Reference Laboratories for East
Asia. When the first known case of avian flu was
diagnosed in a 3-year-old boy, warning bells went
off immediately. When a second case appeared in
November, health officials around the world went
on alert, and a team from CDC left for Hong Kong.
Over the next 2 months, work continued to define
the extent of the outbreak, including who was
becoming ill, why they were becoming ill, and
whether the virus could spread from person to
person and cause a pandemic. The slaughter of
more than one million chickens seems to have
halted the virus at least for now.

Hong Kong’s surveillance system proved that
early detection of infectious diseases can prevent
their spread. David Heymann of WHO once asked
a provocative question: What would have
happened if we had had an excellent surveillance
system in place in Africa when the AIDS outbreak
first occurred? Perhaps we could also have halted
that virus in its tracks. Perhaps we would have
spared ourselves the second great pandemic of
the 20th century. AIDS taught us that regardless
of a person’s sexual orientation, color, wealth, or
home, if we hesitate in our fight against
infectious diseases and fail to detect and track
them early, they will eventually affect us all.

We cannot simply deal with each potential
pandemic as it arises. We must also look over the
horizon and seize new possibilities to head off
infectious diseases before they can occur. We
must fully harness this golden age of global
telecommunications (from satellites to the
Internet) to create a truly global surveillance and
monitoring network and find new ways to
prevent, stop, overcome, and cure infectious
disease. That is one of the reasons that President
Clinton proposed the 21st Century Research
Fund—a historic national effort to spur the best
minds of this generation to unlock scientific
discoveries, unravel scientific mysteries, and
uncover scientific advances. Today, the pace of
medical discovery is not limited by science or
imagination or intellect but by resources. Thus,
the research fund will provide a US$1.1 billion
budget increase for NIH next year. It is the first
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down payment on an unprecedented 50%
expansion of NIH over the next 5 years. This
funding will enable NIH to do more to develop
new ways to diagnose, treat, and prevent disease.
We are also seeking a boost in CDC funding to
step up our ability to identify and investigate
infectious disease outbreaks, including foodborne
outbreaks. CDC will play a key role in a new
initiative by the U.S. Agency for International
Development to develop programs in targeted
countries to fight the growing threat of bacterial
resistance, TB, and malaria. This new American
investment in fighting infectious disease will not
only pay off in America, because in this world
without borders, a discovery by any one nation
will benefit us all and brings us a little closer to
preventing the next pandemic.

The third lesson of the great pandemic of
1918 is that we have the power to prevent the
next pandemic and defeat emerging infectious
diseases, but only if our nations step up the fight
together. Because diseases recognize no borders,
in our fight against them, neither can we. Or as
Dr. Bruntland of WHO has stated, when it comes
to public health, “solutions, like the problems,
have to be global in scope.” That is why U.S. and
Japanese scientists have held three international
conferences together on infectious diseases and
research. It is why some members of the Asian-
Pacific Economic Cooperation Area, including
Thailand, Indonesia, and the Philippines, have
developed a communications network to track cases
of multidrug-resistant TB. And it is why CDC, FDA,
and other U.S. agencies are providing assistance to
the Russian Federation and the Newly Indepen-
dent States, which have faced a large increase in
infectious disease in the post-Soviet era.

Vol. 4, No. 3, July-September 1998

357

Ifwe truly want to end the threat of infectious
diseases, we must do even more together. We
must inject into global gatherings—no matter
where they are, no matter what the subject—the
urgency of working together to defeat infectious
disease. We must never let research into
infectious disease become a forgotten step-child.
We must continue to invest in vaccine research
and development and ensure that preventive
vaccines are available, affordable, and effective
everywhere. We must work with all our
partners in the private sector to ensure that
drugs, vaccines, and tests are available during
an infectious disease emergency. We must
ensure that all urban populations have access to
essential facilities, especially clean water,
because vaccines and medicines can do little if
water is unclean. We must work together to deal
with urban overcrowding, poverty, and poor
sanitation, which are spreading infectious disease
in many parts of the world. Finally, we must pool
our greatest resources—our imagination and
intellect—to fight this collective fight. For as
Joshua Lederberg once noted, “Pitted against
microbial genes, we have mainly our wits.”

Let us pit our wits (and our will) to this battle,
together, to heed the lessons of the great
pandemic and so ensure that it does not happen
again, that we are prepared, and that we always
work together. If we do, our children—the children
of the millennium—will remember the 21st century
as a time of health and hope, a time of promise and
possibility, a time of medical miracles and
scientific marvels. I have absolutely no doubt that
we can do it, that we must do it, that we will do it.
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Effective Global Response to
Emerging Infectious Diseases

Claire V. Broome
Centers for Disease Control and Prevention, Atlanta, GA, USA

To discuss the global efforts needed to detect
and control emerging infections, I will begin with
a personal experience. In 1987, a large epidemic
of meningococcal meningitis occurred during the
haj, the annual pilgrimage of Moslems to Mecca.
The Centers for Disease Control and Prevention
(CDC) sent a team of epidemiologists and
laboratorians to Kennedy Airport to meet the
thousands of pilgrims returning to the United
States. Returning pilgrims were given chemopro-
phylaxis; nasopharyngeal cultures showed that
11% of the pilgrims carried the epidemic strain of
group A Neisseria meningitidis, the causative
agent. Only 25% of the returning pilgrims were
intercepted and treated; thousands of others
dispersed throughout the country (presumably
with the same 11% carriage rate of this highly
virulent strain). Were U.S. surveillance systems
adequate to rapidly detect any subsequent
outbreaks? We were completely dependent on
local physicians to diagnose cases, on laboratories
to isolate and serotype the organism, on the
notification systems to inform the state and
federal agencies. In this instance, the United
States was fortunate and did not see any
secondary outbreaks. Other countries were not so
fortunate; large epidemics occurred in Chad,
Kenya, and Tanzania as a result of the same
virulent clone of N. meningitidis. The importa-
tion of this epidemic clone illustrates the central
importance of local capacity to diagnose, report,
and control emerging infectious diseases.

A more recent example is the 1997 influenza
H5N1 outbreak in Hong Kong: the outbreak
illustrates what systems are needed to detect a
new organism and to respond appropriately.
First, the Hong Kong public health system had to
have the capacity to isolate the organism and to
recognize that it was not an ordinary influenza
strain. Because infections emerge at the local
level, the capacity to detect new threats when
they arise should be available throughout the
world. Secondly, the specialized diagnostic
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reagents had to be available and the reference
laboratories had to be able to make a definitive
identification, not just of that initial strain, but of
the hundreds of other strains evaluated. In this
case, H5 reagents (the result of National
Institutes of Health [NIH] research) had been
distributed (by CDC) to reference laboratories
internationally. The capacity to respond to
potential outbreaks with expert epidemiologic
investigation also had to be in place. The team
that went to Hong Kong consisted of epidemiolo-
gists, laboratorians, a public affairs specialist,
and an expert in animal influenza. The team
worked closely with Hong Kong colleagues to
detect new cases by implementing an enhanced
surveillance system. They targeted not only
hospitals but also outpatient settings. Most
importantly, they designed studies to rapidly
determine whether the strain could be transmit-
ted from human to human. Would the H5N1
isolates share the pathogenic potential of human
influenza, which is so readily transmissible from
human to human, or was this strain relatively
limited in its ability to spread? The kind of rapid
but rigorous epidemiologic studies undertaken by
the outbreak response team were invaluable in
answering this question; fortunately, the strain
had limited potential for human-to-human
transmission. Still, we cannot become compla-
cent; given the genetic recombination potential of
influenza viruses, we need to maintain and
enhance our surveillance systems worldwide.
Through the U.S. emerging infections
initiative, the number of laboratory surveillance
sites supported to look for new influenza strains
has been increased. In China, sites had been
expanded from 6 to 12, which improved the
ability of the World Health Organization (WHO)
system to monitor evidence of dissemination of
this strain on the Chinese mainland. Through
the CDC WHO Collaborating Center on
Influenza, we made diagnostic kits based on the
NIH H5 reagents available to reference
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laboratories around the world so that many
different areas can detect H5N1 should it emerge.
At the same time, the WHO Collaborating Center
was actively engaged in training activities.

The H5N1 example shows that we are
somewhat better able to deal with emerging
infections in 1997 and 1998 than we were in 1987.
The example also underscores what is needed:
dramatically strengthened local surveillance,
including both laboratory and epidemiologic
capacity; commitment on the part of local
governments; and a strong collaborative interna-
tional research and response system.

Two other areas of international capacity
development contribute to effective response to
emerging infections. The first is Field Epidemiol-
ogy Training Programs. These programs operate
on the assumption that the best way to develop
epidemiologic capacity in a country is to train
local professionals who are committed to
continuing to work with the government in
surveillance, outbreak response, epidemiology,
and other aspects of public health management.
Field Epidemiology Training Programs have
been developed in 17 countries. These programs
are now planning to create an executive

secretariat to facilitate collaboration and provide
regional expertise. WHO and CDC are working
with these countries to ensure necessary support
and coordination with international surveillance.
The second area is communication systems. The
Internet globally facilitates our ability to share
technical and surveillance information.

We are better able in 1998 to address the
threats of emerging infections, but we are by no
means fully prepared. We must have the capacity
to identify new or reemerging threats and to
respond successfully. We need to be creative and
efficient in identifying necessary resources; for
example, the polio eradication program has
developed a global network of laboratories and is
strengthening the surveillance systems needed
to identify poliomyelitis cases. Eradication
activities also contribute to health capacity
development, and the laboratory and surveil-
lance capacities created for polio eradication
should also be useful in detection of and response
to emerging infectious diseases. Many other
creative approaches and collaborations are
needed for an effective global response to
whatever our microbial adversaries may produce.

Anthony S. Fauci
National Institutes of Health,
Bethesda, Maryland, USA
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Addressing Emerging Infectious Disease
Threats—Accomplishments
and Future Plans

James M. Hughes
Centers for Disease Control and Prevention, Atlanta, Georgia, USA

In 1962, Sir McFarland Burnet wrote, “One
can think of the middle of the 20th century as the
end of one of the most important social
revolutions in history—the virtual elimination of
the infectious disease as a significant factor in
social life” (1). This statement is at the core of
many years of neglect of infectious diseases—it
represents complacency with a capital “C,” and
we are now paying the price.

Infectious diseases, the leading cause of
death worldwide (2) and the third leading cause
of death in the United States, have returned with a
vengeance (3). Between 1980 and 1992, infectious
disease deaths increased by 58% (39% after age
adjustment); the major contributors were HIV
infection and AIDS, respiratory disease (primarily
pneumonia), and bloodstream infection.

In 1994, the Institute of Medicine published
Emerging Infections: Microbial Threats to
Health in the United States (4). This report
broadly defined as emerging “new, reemerging,
or drug-resistant infections whose incidence in
humans has increased within the past two
decades or whose incidence threatens to increase
in the near future.” This report, which detailed
the factors involved in emergence, reminds us
that we live in a global village.

Spurred on by the Institute of Medicine’s
report and by outbreaks of Escherichia coli 0157
(January 1993), cryptosporidiosis (April 1993),
and hantavirus pulmonary syndrome (May
1993), the Centers for Disease Control and
Prevention and its partners produced a strategic
plan for addressing emerging infectious diseases
(5). The plan focused on increasing surveillance
and response capacity; addressing applied
research priorities; strengthening prevention
and control programs; and repairing the public
health infrastructure at local, state, regional,
national, and global levels. Incremental imple-
mentation of this plan is ongoing. An update plan
will be published in the fall of 1998.
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Addressing Emerging Infections in the
United States: Implementation of CDC’s
Plan

Emerging Infections Programs

Seven Emerging Infections Programs have
been established through cooperative agreement
awards (California, Connecticut, Georgia, Mary-
land, Minnesota, New York, and Oregon). These
programs share core projects on invasive bacterial
and foodborne diseases. The California program is
focused on the San Francisco Bay Area. Four of the
seven programs also focus on identifying the causes
of unexplained deaths and severe illnesses in
previously healthy persons ages 1 to 49 years.

Epidemiology and Laboratory Capacity
Cooperative Agreements

Thirty awards established cooperative agree-
ments with 28 states and two large cities (Los
Angeles and New York) (Figure). Funds are used
in different ways in different locales, but each
recipient works toward strengthening infectious
disease surveillance capacity and improving
laboratory capacity and the reporting and
analysis of infectious disease surveillance data.
In addition, CDC has established three new

Figure. Epidemiology and laboratory capacity coop-
erative agreements (shown in gray).
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provider-based sentinel surveillance systems
with several partners. One network is based in
emergency departments in academic medical
centers (Emergency ID Network); a second,
involving infectious disease clinicians, is in
collaboration with the Infectious Diseases Society
of America; and the third involves collaboration
with the International Society of Travel Medicine
(Geo-Sentinel), which involves travel medicine
clinics in the United States and other countries.

The National Food Safety Initiative

Because of inadequate foodborne disease
surveillance in the United States, the safety of
the food supply could not adequately be assessed.
Six million to 81 million cases have been
estimated (M. Osterholm, unpub. data). Food
Safety from Farm to Table (6), released in 1997,
underlines the Clinton Administration’s commit-
ment to improving food safety.

The National Molecular Subtyping Network

The national molecular subtyping network
(7) for foodborne disease surveillance (PulseNet)
represents a model of disease surveillance that
takes into account the globalization of the world’s
food supply. During the summer of 1997, the
state public health laboratory in Colorado using
molecular fingerprinting techniques (pulsed-
field gel electrophoresis) recognized a cluster of
15 cases of E. coli O157:H7 infections from widely
scattered areas in the state (8). Rapid epidemiologic
investigation implicated undercooked ground beef
from a single company, resulting in the recall of 25
million pounds of ground beef and the closing of the
plant that produced it. This outbreak illustrates the
critical role of public health laboratory capacity and
rapid public health action in outbreak detection and
response. Before the recent advances, this outbreak
probably would not have been detected.

The Emerging Infectious Diseases Laboratory
Fellowship Program

In an effort to strengthen public health
laboratory capacity, CDC in collaboration with
the Association of State and Territorial Public
Health Laboratory Directors will be providing
opportunities for training state public health
laboratory workers (9). Forty-five fellows have
participated in this program. An international
track will be inaugurated in the summer of
1998 with the support of the CDC Foundation
and Eli Lilly and Company.
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The Emerging Infectious Diseases Journal

To better track trends and analyze new and
reemerging infectious disease issues around the
world, CDC established a quarterly, peer-
reviewed international journal (www.cdc.gov/
eid/). The journal, a part of the communications
component of the strategy against emerging
infections, has facilitated the exchange and
dissemination of scientific information about
these infections.

Future Plans

Antimicrobial resistance, new and reemerg-
ing infections, and a strong public interest in
health will demand vigilance, renewed efforts,
and strengthened partnerships in infectious
diseases. An update of CDC’s strategic plan along
with cooperative efforts across government and
private organizations all over the world will drive
future efforts for the control of new and
reemerging infections.
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Global Surveillance of
Communicable Diseases

David L. Heymann and Guénaél R. Rodier
World Health Organization, Geneva, Switzerland

Globalization and Health: The Need for
Global Surveillance

A recent report of A/Sydney/05/97-like
(H3N2) influenza on a cruise ship from New York
to Montreal demonstrates the ease with which
communicable diseases can be transferred across
international borders (1). In this outbreak 2.7% of
passengers and 0.5% of crew had acute febrile
respiratory illness during or after the cruise and
introduced this antigenic variant of influenza A
into both Canada and the United States.

Other viral infections and parasitic diseases
are also associated with population movements.
During 1996, fatal yellow fever infections were
imported into the United States and Switzerland
by tourists who traveled to yellow fever—endemic
areas without yellow fever vaccination (2,3).
During the same year approximately 10,000
cases of malaria were imported into the European
Community, one fourth of them from the United
Kingdom (4). Had mosquito vectors been present,
these diseases could have set up endemic cycles.
Misdiagnosed by an unsuspecting health worker,
they could have been fatal.

Bacterial infections such as meningococcal
meningitis and cholera are also spread with ease
by international travelers. Among the pilgrims
for the Haj in 1987, 7.7 per 100,000 returned to
their countries of origin with meningitis (5).
Cholera, often associated with religious pilgrim-
age and movement of refugees, resulted in 70,000
cases and a 22% fatality rate in 1995 among
recently arrived Rwandese refugees in Goma,
Democratic Republic of the Congo (formerly
Zaire) (6). Rickettsial diseases such as louse-
borne typhus have also recently caused illness
and death among refugee and prison populations
of Burundi and Rwanda (7,8).

Population movement is only part of the
globalization fallout. Expansion in international
travel and commerce in food and medicinal
biologic products provides another potential
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source of communicable diseases such as
hepatitis and other bloodborne infections. Social
and environmental changes linked to urbaniza-
tion, mobility, and deforestation have created
new opportunities for infection, while rapid
adaptation of microorganisms has facilitated the
return of old communicable diseases and the
emergence of new ones. With the rapid evolution
of antimicrobial resistance, treatments for a wide
range of parasitic, bacterial, and viral infections
have become less effective. Today, a communi-
cable disease in one country is a global concern.

Inindustrialized countries, where deaths due
to communicable diseases have greatly decreased
over the past century, the concern is to prevent
diseases from entering and causing an outbreak
or reemergence. In developing countries, the
concern is to detect communicable disease
outbreaks early and to stop their mortality,
spread, and potential harm to trade and tourism.
When cholera entered Peru in 1991, it spread
through the existing sanitation and water
systems, causing more than 3,000 deaths (9).
Seafood export embargoes and decreased tourism
cost an estimated loss of US$770 million to the
Peruvian economy in 1 year. Negative economic
impact can also occur in the more robust
industrialized economies, the most recent example
being bovine spongiform encephalopathy and the
new variant of Creutzfeldt-Jakob disease in the
United Kingdom.

Concerns about communicable diseases in
both industrialized and developing countries can
best be addressed through strong surveillance
systems, renewed commitment to public health,
and strong international partnerships to
strengthen national and international coopera-
tion in communicable disease prevention and
control. In view of the disparity among national
surveillance systems, partnerships in global
surveillance are a logical starting point in this
area of common commitment.
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Global Surveillance: An Essential Public
Health Instrument

With globalization, strengthened communi-
cable disease surveillance at the global level has
become an essential public health instrument. In
addition to providing necessary information for
monitoring communicable diseases and evaluat-
ing control measures, global surveillance serves
as an early warning system for epidemics and
provides the rationale for public health interven-
tion. Early detection of communicable diseases
and immediate public health intervention can
curtail the numbers of communicable illnesses and
deaths and negative effects on international travel
and trade. At the close of the 20th century, which
has seen the affairs of all countries become ever
more intertwined, global communicable disease
surveillance and response is a decisive element in
controlling communicable disease.

Global surveillance provides health advice
for international travelers and guidance to those
involved in international transport and trade,
including the food, plant, animal, and animal
products industries. At the same time, it supplies
crucial data to support the Biological Weapons
Convention and to prevent or anticipate
bioterrorism. To be effective, global surveillance
must be free of, and be perceived as free of,
political bias. Global surveillance requires a
neutral reporting and response environment, and
the World Health Organization (WHO) is
strengthening the framework within which it can
be fostered.

Global Networking

Formal Sources of Information

Government and university centers such as
the U.S. Centers for Disease Control and
Prevention, the U.K. Public Health Laboratory
Service, the French Instituts Pasteur, the global
network of schools of public health, and the
Training in Epidemiology and Public Health
Intervention Network (TEPHINET) provide
confirmed reports of communicable diseases.
Most of these sites are or will become part of the
WHO Collaborating Centre network. This
network, as well as the WHO Regional Offices,
WHO country representatives, and other WHO
and UNAIDS reporting sites, contributes to
global surveillance along with reporting net-
works of other United Nations agencies such as
the United Nations High Commissioner for
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Refugees and the United Nations Children’s
Fund. International military networks such as
the U.S. Department of Defense Global Emerging
Infections System, private clinics, individual
scientists, and public health practitioners complete
the network of formal information sources.

Geographic gaps and deficiencies in expertise
in these networks must be rectified. These
networks must develop means of including the
private sector as well as other sources of valid
information such as military and research
laboratories. They must represent both human
and animal infections and provide information
on antimicrobial resistance and the environ-
ment, including water, insect vectors, and
animal reservoirs.

Informal Sources of Information

Telecommunications, media and Internet
access, and rapid information exchange across
the globe permit public health professionals
around the world to communicate more effec-
tively. Many groups, including health profession-
als, nongovernmental organizations, and the
general public, have access to reports on disease
outbreaks, challenging national disease surveil-
lance authorities, which were once the sole source
of such information. Public Internet sites are
dedicated to disease news and include sites for
medicine and biology as well as major news
agencies and wire services.

Such electronic discussion sites, accessible
through free and unrestricted subscription, are
valuable sources of information. Their scope
may be worldwide (ProMed, TravelMed),
regional (PACNET in the Pacific region), or
national (Sentiweb in France). They exemplify
unprecedented potential for increasing public
awareness on public health issues.

The Global Public Health Information
Network is a second generation -electronic
surveillance system developed and maintained
by Health Canada. Its powerful search engines
actively crawl the World-Wide Web looking for
reports of communicable diseases and communi-
cable disease syndromes in electronic discussion
groups, news wires, and elsewhere. Searches are
in English and French and will eventually
expand to all official languages of the WHO, to
which it has created close links for verification.

Other network sources for communicable
disease reporting include nongovernmental
organizations such as the Red Cross and Crescent
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societies, Médecins sans Frontieres, and Medical
Emergency Relief International (Merlin), and
Christian religious organizations such as the
Catholic and Protestant mission networks.

Legally Mandated Sources of Information

The International Health Regulations (IHR)
are a legal instrument that requires WHO
member states to report diseases of international
importance: currently plague, cholera, and
yellow fever. Countries have not uniformly
complied, often fearing unwarranted reactions
that affect travel and trade. In addition, the
official international reporting mechanism has
not evolved with the new communications
environment and does not include many
communicable diseases of importance to interna-
tional public health. A revision of IHR is therefore
being directed toward a stronger role in global
communicable disease surveillance and control.
Currently being evaluated in a pilot study in 21
countries, the revised IHR emphasizes immedi-
ate notification of all disease outbreaks of urgent
international importance. Electronic reporting of
specific clinical syndromes of importance to
public health will help countries report immedi-
ately, facilitating rapid alert and appropriate
international response while awaiting laboratory
verification. Once the diagnosis is confirmed, it
will also be fed into the system, permitting any
necessary adjustments to the international
response. When the revision is complete, IHR will
constitute an important public health tool as a
source of information linked to an appropriate
international response.

Pulling the Networks Together: Exchange
and Verification of Global Surveillance
Information

A neutral environment, internationally
accepted surveillance standards and norms, and
wider use of modern communication tools is
required to bring all these networks into a global
surveillance system—a true “network of net-
works.” The network has been developed
together with the 191 WHO member states and
other partners, including the European Union-
U.S. Task Force on Emerging Communicable
Diseases and the U.S.-Japan Common Agenda
and has been cited as an area of collaboration by
the G-7/G-8 member countries at both the Lyon
(1996) and the Denver (1997) Summit Meetings.
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Requirements for monitoring the intentional
use of pathogenic microbes have also been
addressed in the network, specifically in the
revision of the IHR, in collaboration with the ad
hoc Group of States Parties to the Biological
Weapons Convention.

Nonverified information about communi-
cable diseases coming from within the networks,
including that from IHR, requires rapid
verification from multiple sources other than the
originator. Such “disease intelligence” requires
information management skills, knowledge of
field conditions, and commonly used, standard-
ized medical language compatible with modern
communication technology. WHO has therefore
created an electronic verification system based on
its internationally accepted norms and stan-
dards. This user-friendly system consists of an
electronic repository for ready information
access, regular electronic communication with
network members, and a tracking and follow-up
mechanism to verify each piece of information.

The power of the verification system is its
network of contributors, which includes official
government channels and all participating
networks. Electronic mail provides immediate
follow-up with easy-to-archive responses at low
cost. Communications keep the focus on diseases
with international implications to avoid informa-
tion overload. The criteria used to determine
international implication include suddenness of
onset, illness and death, potential for interna-
tional spread, and likely effects on international
travel and trade. Timely sharing of relevant
information strengthens networking and contrib-
utes to common awareness of current events,
thus increasing international preparedness.

Epidemic Preparedness and Response
Once a communicable disease outbreak has
been confirmed, pertinent information is placed
on the World Wide Web, available to the general
public. At the same time, an international
response including technical and humanitarian
partners is mounted if required. A WHO team
arrives on site within 24 hours of outbreak
confirmation to make an initial assessment and
begin immediate control measures and prepare
the ground for the larger international response
if needed. By linking the international response
to systematic global surveillance, a worldwide
“network of networks” is available from which to
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solicit support, thus ensuring that no one
country, technical, or humanitarian partner
must bear the entire burden.

How It Works in Practice: Global Influenza
Surveillance

Influenza surveillance, one of the most
developed global surveillance and monitoring
systems of WHO, started in 1948 and developed
over the years into a highly successful global
partnership. The network now involves 110
collaborating laboratories in 82 countries,
constantly monitoring locally isolated influenza
viruses and providing information on true
emergence and spread of different strains.

National case detection systems and labora-
tories have been strengthened using internation-
ally accepted norms; virus isolates from national
laboratories are analyzed in more detail in one of
the four WHO Collaborating Centers for
Influenza. The data are then used by experts
associated with the surveillance system to make
recommendations on the three virus strains to be
included in the next season’s influenza vaccine.
Thus, information generated from global surveil-
lance results in an important and unified public
health response each year. The annual design of
the vaccine also represents outstandingly
successful collaboration between the public and
private sectors.

In parallel to the surveillance program,
national and global plans are being developed to
systematically address the next influenza
pandemic. Both the surveillance system and the
elements of the global pandemic plan were tested
during the outbreak of the avian influenza
A(H5N1) virus in humans in Hong Kong in late
1997. The rapid identification of the virus strain
in one of the collaborating laboratories in the
Netherlands, mobilization and coordination of an
investigating team from WHO Collaborating
Centers in the United States, extensive
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epidemiologic and laboratory studies, prompt
dissemination of public information, develop-
ment of diagnostic test kits for international
distribution, and identification of a virus line
suitable for vaccine development, all contrib-
uted to a timely, ordered, and effective
response to the outbreak.

WHO will celebrate the 50th anniversary of
global influenza surveillance with a meeting
bringing together participants from the national
influenza laboratories and WHO Collaborating
Centers and other experts. Participants will look
back over past successes and lessons learned and
ahead to needs for improved surveillance and
control of influenza in the 21st century, including
research priorities. The success of the global
influenza program can serve as a model for the
continued development and strengthening of
international collaboration in the surveillance
and control of other communicable diseases.
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Emerging Infections: An
Evolutionary Perspective

Joshua Lederberg
The Rockefeller University, New York, New York, USA

Our relationship to infectious pathogens is
part of an evolutionary drama (1). Here we are;
here are the bugs. They are looking for food; we
are their meat. How do we compete? They
reproduce so quickly, and there are so many of
them. They tolerate vast fluctuations of
population size as part of their natural history; a
fluctuation of 1% in our population size is a major
catastrophe. Microbes have enormous potential
mechanisms of genetic diversity. We are different
from them in every respect. Their numbers, rapid
fluctuations, and amenability to genetic change
give them tools for adaptation that far outpace
what we can generate on any short-term basis.

So why are we still here? With very rare
exceptions, our microbial adversaries have a
shared interest in our survival. With very few
exceptions (none among the viruses, a few among
the bacteria, perhaps the clostridial spore-
forming toxin producers), almost any pathogen
reaches a dead end when its host is dead. Truly
severe host-pathogen interactions historically
have resulted in elimination of both species. We
are the contingent survivors of such encounters
because of this shared interest.

Microbial Resources

Intraclonal Processes

DNA Replication

Microbial intraclonal methods of variation
are legion. DNA replication is error prone, and
often the constraints of precise replication are
turned off in the presence of DNA damage or other
injury. Microbes often live in a sea of mutagens,
chemical and physical. If we go out in the sun, our
skin is damaged; in microbes, UV irradiation goes
unimpeded to the very core of their DNA. Those
that are not killed are rapidly mutated.

RNA Replication

RNA replication is particularly error prone.
There are no editing mechanisms for examining
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the fidelity of replication; therefore, the concept
of the quasispecies swarm was recently gener-
ated. For many RNA viruses, retroviruses in
particular, the rates of mutation are so high that
to a close approximation, every particle is
genetically different (in at least one nucleotide)
from every other particle. They are rapidly
evolving as swarms of genotypes, no single
genotype being totally representative. Natural
selection plays a substantial role. The role of
cooperativity in infection of these viruses,
particularly among retroviruses and HIV, has not
been adequately investigated. Rous sarcoma
virus is a case in point. It may be difficult for a
single particle, many generations removed from
the original competent infector, to consummate
an infection by itself, but it can be complemented
by other helper viruses present in the same cell.

Haploid Organisms

Most of the organisms we are dealing with are
haploid, so they have no delay in expressing new
genetic factors. The prompt expression may
potentially augment cumulative genetic alter-
ations, butin the short run, a resistance mutation
will manifest itself almost immediately and will
be subject to natural selection very promptly.
Multicopy plasmids, which would behave differ-
ently, are exceptions.

Phase Variation

Phase variation occurs in almost every
pathogenic bacterium, in malaria parasites, in
trypanosomes, and in Borrelia. Changes that
appear to be mutational, on closer examination
turn out to be microbial access to an archive of
genetic information, much of which has been
silenced and then reappears as an adaptive
change. The flagellar antigens of salmonella
provide the historic example; they can exist in
either so-called specific phase or group phase,
going back to H1 or H2 loci. We now know that
they are the result of silencing one of these loci by
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the position of a piece of DNA that can be inverted
to move the promoter from one locus to another
and give a very sudden transformation of the
serotype from type 1 to type 2. This is a
completely reversible phenomenon; the same
event can reinvert that DNA. Many species of
site-specific recombinases are capable of scram-
bling and rescrambling the bacterial genome in
order to silence and unsilence genes that may be
then carried in an archival state. I pondered why
bugs use this mechanism for keeping genes in a
cryptic state when gene expression can be (and
often is) regulated in other ways. The simplest
speculation is that phase variation very often
entails controlled antigenic factors. A bug does
not want to telegraph toits hostin advance that it
is carrying even a tiny relic of an alternative
epitope because that will provoke immunity on
the part of the host even before it has undergone
that phase variation.

Genetic factors also control the rates of
mutability; whether these factors do or do not
directly influence adaptability to virulence is
controversial. Preliminary reports suggested
that virulent bacteria had a higher incidence of
mutators. We now realize that mutators are quite
prevalent, and therefore bacteria are constantly
facing environmental challenges.

Interclonal Processes

Recombination mechanisms are quite pro-
miscuous. Conjugation, which can occur between
bacteria of widely varying kinds, is most often
recognized by plasmid transfer and every now
and then by mobilization of chromosomes.
Conjugation can even occur across kingdoms,
between a bacterium and a yeast, or between a
bacterium and a plant. In the case of the
rhizobium-like parasite, the crown gall bacte-
rium, genetic material is transferred from the
bacterium into the chromosomes of the host
plant. Similar phenomena probably occur in
eukaryotic infections. Some genes in viruses and
bacteria almost certainly were of eukaryotic
origin. Some bacteria can deliver DNA intercellu-
larly to their host animals.

Plasmid interchange (movement of tiny bits
of DNA from one species to another) is not just a
laboratory curiosity; it is the mechanism for rapid
spread of antibiotic resistance from widely
different species, one to another. It adds even
greater cogency to our concerns about the less
than optimally advantageous use of antibiotics

Vol. 4, No. 3, July-September 1998

367

(e.g., in animal husbandry). The mechanisms
exist to make it easy not only for single antibiotic
resistance but whole blocks of resistance to be
moved from one bacterium to another.

Host-Parasite Coevolution

Microbes’ shared interest in our survival will
dominate the overall picture of their evolution.
Can this help us predict the outcome of the
balance between the host and the pathogen? The
possible outcomes are so divergent that it is very
difficult to predict in detail what is going to
happen in any particular confrontation.

The long-term trend is coadaptation, in which
the host acquires factors for resistance and the
parasite acquires factors for mitigation and
longer survival of (and thereby in) the host. These
factors may be genetic mutations, which will
certainly be selected.

Other factors include human cultural
changes, such as hygienic procedures. The
human species outdoes all other species in
adopting behavior that is self-destructive rather
than self-protective. I am not convinced that
every nuance of human behavior has been
specifically evolved. Most of our behavior, even
the maladaptive self-destructive kind, is learned:
the pity and the hope of our species.

Pathogens find it to their advantage to
mitigate their virulence, provided they can do so
without compromising their livelihood. That is
the tightrope they walk. Rhinovirus, the agent of
the common cold, is an extremely successful
pathogen. We do little to get rid of it. We go to
work and school with our runny noses. The virus
has a number of adaptations (including the very
moderation of its disease process) that tend to
facilitate its spread. I worry that a rhinovirus
may some day mutate into a somewhat more
virulent form, given that it is capable of very
rapid spread.

Evolutionary Strategies

The parasite’s dilemma is that if it
proliferates rapidly, it may Kkill the host; that
would be a winning strategy if transmission were
easy, vectors readily available, the host’s
behavior obliging, and mosquitoes abundant for
high-density spread. Such circumstances are
present in northwest Thailand where Plasmo-
dium falciparum would be unlikely to survive for
very long (because of its profound effects on its
host) if the density of spread to new hosts were
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not favorable. In modern hospitals, the
mosquitoes are health-care attendants who
inadvertently facilitate the transfer of infection
from one patient to another.

Toxins

It is a wonder that the inexhaustible
reservoir of potent toxins has not spread much
further. Botulinum toxin, one of the deadliest
compounds, is produced in abundance by
Clostridium botulinum, whose spread to other
organisms and potential for becoming a major
public health threat can easily be imagined. Why
is this toxin so confined? The underlying biologic
mechanisms are not confining it; rather, its
lethality keeps it under control. The microbe kills
its host rapidly, and if it cannot continue to multiply
even in the dead host, it reaches a dead end.

In specific physiologic circumstances, these
rules of natural selection might not apply.
Escherichia coli 0157 is a case in point. 0157 has
little to do with E. coli; it is a shigella with a little
cloak of E. coli antigens. 0157 should not be used
as the sole diagnostic criterion for the spread of
shigelloid disease. The toxin genes can inhabit
other vectors. The ecologic implications of its
human and bovine virulence are not clear.
Perhaps polymorphism (changes in bacterial
genotype) alters its virulence in human and bovine
species. The human loop is quite incidental to its
overall survival, as far as we know. The attack rate
in humans is only 1%. How has E. coli 0157
evolved? We understand that as poorly as we
understand the sporadic emergence of Legionella
from the soil into our air-conditioner ducts.

Proliferation Rate

If the parasite adopts another strategy and
proliferates slowly, we have an evolutionary
mechanism in which our own immune system is
looking for deviants; this mechanism will be
presenting new epitope receptors waiting to be
stimulated. Most acute infections produce a full
immune response at a humoral and a cellular
level within a week or 10 days. So the microbe
that proliferates slowly is laying the groundwork
for its own vulnerability unless it adopts some
further tactics (e.g., phase variation, stealth
tactics, antigenic mimicry, exploiting the
autotolerance that the host needs to survive its
own immune system). Parasites also compete
with commensals, with probiotic organisms. This
is where HIV runs into severe trouble. Left to its
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own devices, HIV would not kill its host; but by
knocking down the host’s immune system, the
virus opens the door for other organisms,
including commensals, opportunists that can
thrive only when the immune defenses are
attenuated.

Symptoms

Vectors are rarely symptomatic, almost never
severely symptomatic. The plasmodium would
not benefit from killing the mosquitoes that
transmit it. If a rabid dog can be considered a
vector, its behavioral anomaly illustrates another
adaptation that serves the purposes of the
parasite.

This line of thinking, what some people have
called evolutionary medicine—call it common
sense—leads us to look at symptoms. To what
extent should we be treating them? Some we
treat because they are life-threatening. But is
fever, for example, a host defense? Is it a mode of
bacterial attack? Is the bacterium or virus
producing pyrogens because a higher tempera-
ture will promote its own replication? Are
pyrogens just side effects of other evolutionary
adaptations that have not come to equilibrium? It
is hard to avoid models that assume equilibrium,;
few complex physiologic systems are so obliging.
We should question symptoms from an evolution-
ary perspective. How did they come to be there?
This approach may open the door to new avenues
of thought in examining the disease process.
Cough, diarrhea, or hemorrhage may serve the
purposes of the parasite; even so, we may still have
to treat hemorrhage, but how far should we go in
treating cough? On the one hand, if not too severe,
cough may eliminate some of the infectious load
from the body; on the other hand, cough generates
an aerosol that further disseminates the organism.
Cough may have to be treated as a public health
measure as much as a therapeutic measure.
Diarrhea is another example; it may be a way of
eliminating the parasite or a special adaptation
enhancing dissemination.

Other symptoms (malaise, headache, pain,
itching) probably have different answers. Pain is
a puzzling symptom, which plays an indispens-
able role by drawing attention to a disease. Once
the disease is acknowledged, there is no reason in
the world not to treat pain. Yet I know of no
infection (other than chronic leprosy) that
induces anesthesia. It would seem to me that a
microbe bent on thriving would impart a sense of
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euphoria (rather than pain) to its host; we would
welcome it and infect ourselves with it. Analgesia
may be the eventual moral hazard of biotechnology,
the internalized moonshine still or poppy patch.

The ultimate symptom, death of the host, is
almost never to the advantage of the parasite.
Death signals a breakdown in the equilibrium
(the contract between parasite and host) that
could have had a better outcome had both sides
been more witting.

Zoonaotic Interactions

Many lessons of evolutionary relationships
come from zoonotic interactions. Infections that
break out of their host of origin often have a very
severe impact on their new host. Hantavirus is an
outstanding recent example. The pathologic
processes in the rodent carriers hardly compare
with those in humans. Most zoonotic transfers
simply do not work. They are host specific; many are
neutral. Every now and then, a zoonotic transfer
has enormously larger pathologic implications for
the host; these are the transfers we focus on. We
presume that the filoviruses and perhaps HIV are
in that category. Many, not all, simian immunodefi-
ciency viruses are perceptibly less virulent in their
natural host than HIV is in humans, perhaps
another example of equilibrium breakdown.

How could the zoonoses be pathogenic when
they require so many subtle adaptations to come
into a host and really cause disease? Dozens, if
not hundreds, of bacterial genes would have to
work in concert to be pathogens. Microbes make
proteins and carbohydrates, familiar to our
systems of immunity. Therefore, if the parasite
does not know how to live in the earthly host and
the host cannot cope with totally alien parasites,
we end up with a wash.

Consider tsutsugamushi fever, scrub typhus.
Bangkok is reporting intermediate levels of drug
resistance in Orientalia in tsutsugamushi in
central and eastern Thailand. The life cycle is one
of essentially a hereditary symbiont; the tick is
transmitted transovarially and can be communi-
cated from tick to microbe or humans, where it
rapidly proliferates. Reinfection back to the tick
is not of consequence, which must be a fairly
recent spillover of pathogenicity for which there
is not ongoing selection. Nothing in the life
history of Orientalia would sustain its pathoge-
nicity to maintain its high infectivity.

Years ago planetary quarantine became a
policy consideration, beginning with Sputnik in
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the late 1950s and the early planning of our space
program. Would it be permissible to move
contaminated spacecraft from one planet to
another? Certainly proliferating organisms on
Earth could be easily carried to Mars. What
would happen if we brought back Mars samples?
These considerations resulted in an international
convention for the conservation of the microbial
virginity of celestial bodies. Sterilization proto-
cols were applied to the Viking Mars spacecraft
and by the Russians in the 1970s.

Maternal Immunity

One mechanism of accommodation is not
genetic but physiologic: maternal immunity. The
recent outbreak of canine distemper in the lions
of the Serengeti (1) demonstrates a
quasihereditary cycle that does not involve the
genes at all but rather is the propagation of
maternal immunity, partial immunity on the
part of the offspring, easier adaptation to
infection by the host.

Mitochondria—the Ultimate Pathogens

What are the ultimate pathogens, the
ultimate symbionts? The mitochondria. A
bacterial invader probably 2.5 billion years ago
got into the first eukaryotic cells and conferred
oxidative machinery. Who is serving whom? We
generally think mitochondria are to our
advantage, but think how hard we work to shovel
the coal into the furnace that the mitochondria
have provided in every cell of our body. Symbiosis
is a fact of life, not always friendly or mutually
accommodating. In bacteria, plasmids confer
great advantages for some functions, but many
plasmids also convey a “leave me and you die”
message. The plasmid encodes simultaneously
for a toxin and an antitoxin but makes sure that
the toxin has a longer lifespan. So a bacterium
careless enough to drop its plasmid will suffer.
The plasmid has the long-term advantage of
ensuring that only cells able to continue to
proliferate will continue to have the plasmid. So
knowing who is serving whom in these kinds of
relationships is very complicated.

Patterns of Evolution

Thanks to the wonders of genomics and DNA
analysis, we have a good overall model of the tree
of life and the overall patterns of evolution. By
the criterion of 16S RNA, extraordinary
evolutionary changes have occurred within the
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multicellular branch, but these changes are not
at the level of fundamental housekeeping
machinery; they have to do with growing brains,
eyes, branches, and flowers, incidental items not
at the level of cellular physiology.

Viruses

Where do viruses come from? Certainly in the
world of eukaryotic viruses, no one can say with
confidence what the evolutionary provenance is.
We believe that viruses originated from some
kind of cellular organelle, perhaps ultimately
from the nuclear DNA, perhaps from the other
organelles. Many of them would have to have
undergone enormous changes, and we cannot say
which came from where in any tangible example.
This complexity can be illustrated (in the
prokaryotic systems) by the ease with which viral
genomes can be integrated into bacterial chromo-
somes. These are all double-stranded DNA
bacterial viruses, so they have the same
fundamental structure as bacterial chromosomes.
They go in and out with ease and can be integrated
and mobilized, sometimes as viruses, sometimes
as bacterial genes. It is impossible to say which
came first. If one could point to an evolutionary
progression of clusters of genes in a bacterium on
the way to generation of a new virus, it would be
of some help, but how would one know it was not
the relic of a very old one coming back again? Our
most fundamental knowledge is very primitive.

Prions

Prions offer a new paradigm, much of which
we do not understand. Stan Prusiner has argued
that prions are pure proteins. Trying to
understand how a pure protein can propagate
confounds our conceptions of the transmission of
biological information. So let us say that prion
protein (e.g., scrapie prion protein) is a
conformational modification of a normal protein,
prp-c, coded for by an endogenous gene, a part of
the normal genome, not an essential gene.
Infected mice show some functional disorders but
can survive. One might argue that we do worse
with this gene than without it as long as we are
susceptible to this modification.

Not much new sequence information is
imparted to the normal prion to convert it to the
infective agent. The change may be merely in
the prion’s conformation. We must consider
other mechanisms that might cause that same
conversion.
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The rare nonfamilia incidence of sporadic
Creutzfeldt-Jakob disease (CJD) poses a possible
example, although it is difficult to exclude some
contact with prions in individual cases. We might
watch for CJD-like disease as an incident to other
kinds of toxic insults. One implication of the
protein-prion model, not discussed hitherto, is
that conformer alterations may ensure from
chemical or physical trauma to preexisting prp-c;
heat, toxins, side effects of other infections are
candidates (2). Let us carefully label this as wild
speculation, pending badly needed assays for this
conformer-altering capacity. Other protein-
aggregate or amyloid-based diseases (like
Alzheimer’s) likely have a nucleating episode in
their pathogenesis, even if there is no means of
contagion from one person to another. At least in
the pancreas, amyloid aggregation is a side effect
of protein injury by glycation (3).

Emerging Pathogens

What are we going to do about new, mutant,
and recombinant pathogen strains? What can we
anticipate about new major outbreaks? How
should we be defending ourselves? The good news
of course is the wonderful technology in the
offing, one marvelous innovation after another in
every field of prophylaxis, vaccines, understand-
ing of pathogenic phenomena. The genomics
work on bacteria is paying off and may even
justify the overall project of human genomics all
by itself with its insights into microbial evolution
and potential targets for new discoveries in
disease management.

At a very high strategic level, we have the
basic knowledge to control foodborne epidemics,
waterborne epidemics, and fecal-borne diseases.
At a technologic level, even sexually transmitted
diseases can be controlled. One neglected
medium is air. Can we do as well in preventing
airborne transmission? Effective control may
come down to something as elementary as a face
mask like that worn by police in 1918. Control of
even a vicious airborne epidemic like influenza
should not be above our technical capability. Tens
or even hundreds of millions of lives might be at
stake over such elementary matters.

The introduction of a new hemolysin into
existing anthrax strains in a demonstration of
their pathogenicity in golden hamsters (4)
required additional epitopes to vaccinate those
hamsters against this anthrax. This first example
of an artificially contrived new human pathogen
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illustrates additional challenges in the fight
against emerging infections.

Natural infection and disease are enough of a
challenge and should not be compounded by
human-made agents of death. Biological warfare
cannot be endured and must not be tolerated.

Dr. Lederberg, Nobel laureate in physiology or medi-
cine, is a research geneticist, Sackler Foundation scholar,
and president emeritus at the Rockefeller University. Dr.
Lederberg currently conducts research on genetic ex-
change mechanisms in bacteria.
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Emerging Infectious Diseases: A Brief
Biographical Heritage

D. Peter Drotman
Centers for Disease Control and Prevention, Atlanta, Georgia, USA

The concept that infectious (and other)
diseases emerge and reemerge is not new, and
neither is the search for causes of disease
emergence. However, societies frequently over-
look or forget that microbes evolve, adapt, and
emerge in response to nonmicrobial and even
nonbiologic changes in the physical and social
environment. Sometimes we need to be rudely
reminded of this lesson. Two scientists who
have delivered such reminders, both in the
form of landmark reports, are Rudolf Virchow,
a 19th century German pathologist, statesman,
and anthropologist, and Joshua Lederberg, the
American microbiologist who coined the phrase
“emerging infectious diseases” within the last
decade (Photo). We owe much to the pioneering
vision of these scientists.

Infectious diseases have been emerging for at
least aslong as humans have inhabited the earth.
Every student of microbiology, medicine, and
public health learns about the triangle of host,
environment, and agent; what is not clear is how
the three change over time, often in response to
changes in another side of the triangle. Factors
that influence such changes do evolve, but many
are surprisingly constant. How easily and often
some of these factors are overlooked is often both
consequential and tragic; a historical example
illustrates this point.

Rudolf Virchow, the founder of cellular
pathology, wrote the first textbook in that field
and established the principle that disease results
from disturbed cellular function. As a young
physician and anatomic pathologist in Berlin, he
was assigned by the central government to
investigate an epidemic in Upper Silesia, a sector
of the Prussian Empire populated by a Polish-
speaking minority. He completed the field
portion of his investigation on March 10, 1848
(exactly 150 years before the International
Conference on Emerging Infectious Diseases).
The report he wrote was remarkable.
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Even though Virchow was working before the
germ theory of disease was accepted, at a time
when disease causation was highly debated and
microbes were not well described, he seems to
have correctly diagnosed typhus (or possibly
relapsing fever) as the cause of the Silesian
epidemic (1). Even though Virchow’s diagnosis
cannot be confirmed, it is consistent with clinical
descriptions and epidemiologic inference. He
clearly demonstrated that the conditions and
vectors for typhus and relapsing fever (famine
and malnutrition, humid climate, poor housing,
poverty) were present in Upper Silesia in 1847 to
1848. The agents that cause epidemic louse-borne
typhus fever (Rickettsia prowazekii) and relaps-
ing fever (Borrelia recurrentis) were not
described until many years later.

Virchow’s report was a scathing criticism of
the Prussian government, which he squarely
blamed for the epidemic. Virchow considered the
Silesian outbreak investigation a defining

Rudolf Virchow and Joshua Lederberg.
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episode in his life and career, so when the
government largely ignored the report and his
recommendations (Table 1), he became a
passionate voice in politics, albeit in a minority
role. He died in 1902, a revered scientist with a
lifetime of magnificent achievements, but also
with desires to have done more to improve public
health and social conditions. We still have a lot to
learn from Virchow’s life and work.

Joshua Lederberg was awarded the Nobel
Prize for medicine in 1958 for his discoveries
concerning genetic recombination and the
organization of the genetic material of bacteria.
He is President Emeritus of The Rockefeller
University in New York, a member of the
Institute of Medicine, an advisor to presidents,
and a 20th century Rudolf Virchow. Like
Virchow, Lederberg recognized that micro-
scopic changes make much larger differences,
particularly when viewed in the context of
global changes. Like Virchow, he coauthored a
prescient report that associated a pressing
health emergency with larger social, political,
and environmental changes. The similarities
between the two reports are striking (Tables 1,

Table 1. Virchow’'s recommendations to the Prussian
government regarding the typhus epidemic in Upper
Silesia, 1848 (2)
Political reform and local self-government, including
local coordination of relief efforts
“Education, with its daughters,
prosperity” (3)
Economic reform
Agricultural reforms,
cooperatives
Building of roads
Acceptance of Polish as an official language (while
most Silesians spoke Polish, nearly all the
physicians and school teachers assigned by the
central government spoke only German)
Separation of church and state (he criticized the
Catholic hierarchy) (4)

liberty and

including development of

Table 2. Factors in disease emergence—The Institute of
Medicine’s 1992 report on emerging infections (5)

Human demographics and behavior
Technology and industry

Economic development and land use
International travel and commerce
Microbial adaptation and change
Breakdown of public health measures
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2). Each regarded control of diseases as primarily
social, political, and environmental. We overlook
this common theme at our collective peril.

Unlike Virchow’s report, the words of Joshua
Lederberg are being translated into actions.
Those actions can be spurred by disseminating
information and building partnerships to effec-
tively address the ongoing threat of emerging
infectious diseases.
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New and Reemerging Diseases: The
Importance of Biomedical Research

Anthony S. Fauci
National Institutes of Health, Bethesda, Maryland, USA

A generation ago, it was suggested that the
threat of infectious diseases would soon become an
artifact of history. Today, as we approach the new
millennium, the folly of this position is
increasingly clear. My 87-year-old father recently
reminded me of this. In the course of his lifetime,
spent almost entirely in New York City, he has
witnessed two pandemics of extraordinary impact:
the global influenza pandemic of 1918-1919, which
killed more than 20 million people worldwide, and
the HIV/AIDS pandemic, which began to
accelerate in the early 1980s and continues
unabated in some parts of the world. In addition,
atleast 30 other new and reemerging diseases and
syndromes have been recognized since the 1970s,
including liver disease due to hepatitis C virus,
Lyme disease, foodborne illness caused by
Escherichia coli O157:H7 and Cyclospora, water-
borne disease due to Cryptosporidium, hantavirus
pulmonary syndrome, and human disease caused by
the avian H5N1 influenza virus (Figure 1). Clearly,
we remain vulnerable to new and reemerging
diseases.

New diseases are superimposed on endemic
diseases such as diarrheal diseases, malaria,
tuberculosis (TB), and measles, which continue
to exact a huge toll. Indeed, malaria and TB,
among others, are reemerging in a drug-resistant
form. Today, infectious diseases remain theleading
cause of death worldwide and the third leading
cause of death in the United States. Many
pathogens are becoming increasingly resistant
to standard antimicrobial drugs, making
treatment difficult and in some cases impos-
sible. Moreover, chronic conditions generally
considered noninfectious actually have been
found to have a microbial etiology.

Awareness of Emerging Infections

The challenges posed by infectious diseases
are recognized by the public and the media, as well
as by political leaders and policy makers at the
highest levels of government. There is a growing
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awareness that we live a global community, that
diseases do not recognize borders, and that the
U.S. public health community has an important
role to play in fostering global health.

The Importance of Research

The infectious diseases community faces a
difficult challenge: coping with ongoing problems
such as malaria and TB while preparing for the
inevitable emergence of diseases that are
unknown or are recognized but will reemerge in a
more threatening form. Available resources must
be maximized by sustaining and increasing
collaboration between federal agencies, academia,
industry, and nongovernmental agencies, all of
which play important roles in the fight against
infectious diseases.

Within the federal government, the Centers
for Disease Control and Prevention’s (CDC) work
in detecting and tracking pathogens is critical,
especially with regard to diseases that have
recently emerged or have the potential for
emergence. Equally important, and complemen-
tary to CDC’s efforts, is basic and clinical research
supported by the National Institutes of Health
(NIH) and other agencies. Historically, basic
research has led to important, often serendipi-
tous, advances that have illuminated the etiology
of sometimes mysterious diseases and facilitated
the development of diagnostics, therapies, and
vaccines (Figure 2).

At the National Institute of Allergy and
Infectious Diseases (NIAID) at NIH, we have
increased funding for emerging diseases from
$39.3 million in fiscal year 1993 to an estimated
(president’s budget) $85.0 million in fiscal 1999
(Figure 3). Approximately 21% of the NIAID non-
AIDS infectious diseases budget is devoted to
emerging infectious diseases.

With the help of our advisory committees, we
have defined five priorities in emerging and
reemerging diseases research: 1) supporting the
application of relevant scientific knowledge and
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Figure 1. Examples of new and reemerging diseases.

new technologies to the detection, identification,
and interdiction of emerging diseases, by expanding
research on ecologic and environmental factors
influencing disease emergence and transmission; 2)
supporting the application of recent discoveries and
new biomedical technologies to the identifica-
tion, management, and control of emerging
diseases, by expanding research on microbial
changes and adaptations that influence disease
emergence; 3) providing fundamental information
for developing prevention and treatment strate-
gies that can be employed to ameliorate disease
impact, by expanding research on host susceptibil-
ity to emerging or reemerging pathogens; 4)
supporting the development and validation of
vaccines, therapeutics, and other control
strategies for specific diseases with the potential
to emerge or reemerge; and 5) strengthening the
current U.S. research and training infrastructure
for detecting and responding to outbreaks of
infectious diseases.

Among many studies domestically and
internationally, NIAID sponsors five interna-
tional programs in tropical infectious diseases,
most of which have components both in the United
States and in the countries where the incidence of
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these diseases is greatest. It is essential to
engage scientists in host countries and work
with them collaboratively, both to tap their
expertise as well as to help them build research
infrastructure on their home soil.

Successful Partnerships

The public and private sectors, including
government, academia, and industry, bring
complementary skills and perspectives to the
research endeavor. Cross-sector collaboration can
yield extraordinary dividends. A cogent example is
the development of protease inhibitors for the
treatment of HIV disease.

After HIV was identified in 1983, research-
ers funded by NIH and others began to
intensively study the structural and regulatory
genes of HIV and the role these genes and their
products play in the replication cycle of the
virus. This work led to an understanding of the
importance of the HIV protease enzyme and
methods to express, purify, and crystallize the
enzyme. Building on these findings, researchers
in the private sector designed and produced
specific inhibitors of HIV protease and worked
closely with the Food and Drug Administration,
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Figure 2. Emerging infectious diseases: a research ap-
proach.

NIH, and others to assess protease inhibitors in
clinical trials.

The first of four licensed protease inhibitors
reached the market in December 1995. Given in
combination with at least two other antiretroviral
drugs, protease inhibitors dramatically reduce
levels of plasma viremia in a substantial proportion
of patients. Both controlled and observational
studies show that these potent regimens can provide
asubstantial clinical benefit.

Although drug combinations that include
protease inhibitors have helped many patients, it
is far too soon to become complacent or declare
victory. Many patients have not benefited from the
new drugs or cannot tolerate their side effects, and
drug resistance will inevitably become more
widespread. The development of the next
generation of antiretroviral agents is crucial and
will require the skills of investigators in both the
public and private sectors. However, the cost of
antiretroviral drugs will probably keep them
beyond the reach of much of the developing world,;
therefore, the development of an HIV vaccine is of
paramount importance.

Malaria Initiatives at NIH

Until relatively recently, AIDS was virtually
the only emerging disease with global impact that
was widely discussed in the United States;
however, other diseases such as malaria and TB
have actually caused more illnesses and deaths
over the past 2 decades.

Malaria kills up to three million persons each
year, most of them children in sub-Saharan Africa.
In the past year, NIH has worked with research
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Figure 3. Emerging diseases funding (National Insti-
tute of Allergy and Infectious Diseases).

organizations and donor agencies from around the
world to form a coalition called the Multilateral
Initiative on Malaria. This unprecedented
initiative will enhance international collabora-
tions, encourage the involvement in malaria
research of scientists from malaria-endemic
countries, and identify additional malaria
research resources. In addition, NIH has
bolstered its long-term commitment to malaria
research. NIH-supported malaria projects—many
in collaboration with other government and
international agencies—include 1) a new reposi-
tory of materials available to researchers
worldwide; 2) basic, field-based, and clinical
research on all phases of malaria research; and 3)
projects to determine the genetic sequences of
important malaria species.

Responding to Avian H5N1 Influenza

An outbreak of avian H5N1 influenza in Hong
Kong recently alarmed the medical community
and the world. The multinational response to
this outbreak has involved the close collabora-
tion of many organizations (Figure 4). As part of
NIH’s long-standing research into respiratory
viruses, we had in our reagent repository the
specific antisera needed to quickly develop test
kits that were used effectively by CDC and
others for detecting and tracking the virus. We
also have supported the rapid production of a
recombinant vaccine against avian influenza
virus for use in laboratory and health-care
personnel at risk. Without a strong research
base, the rapid response to this emergency
would not have been possible.
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Vaccine Development

With avian flu, malaria, AIDS, and other
new and reemerging diseases, an important goal
of NIH is the development of vaccines. If just
four recently developed vaccines (hepatitis B,
rotavirus, Haemophilus influenzae type b, and
acellular pertussis) were universally adminis-
tered, more than three million deaths could be
prevented each year.

Historically, scientific advances in microbiol-
ogy and related disciplines have driven the
development of new vaccines. For example, the
identification of microbial toxins, as well as
methods to inactivate them, allowed the
development of some of our earliest vaccines,
including those for diphtheria and tetanus. In the
1950s, new tissue culture techniques ushered in a
new generation of vaccines, including measles,
mumps, and rubella. In recent years we have seen
rapid advances in our understanding of the
immune system and host-pathogen interactions,
as well as technical advances such as recombinant
DNA technology, peptide synthesis, and gene
sequencing. Each of these has facilitated the
development of new vaccines and vaccine
candidates for important pathogens.

Sequence information can be used in many
ways and promises to be useful in identifying
antigens to incorporate into vaccines, as well as
determining the factors that influence the
antigenicity or virulence of a microbe. The
complete genetic sequences of more than 13
microorganisms have now been published. More
than 60 other sequencing projects for medically

important pathogens, such as Plasmodium spp.,
Mycobacterium spp., Chlamydia trachomatis, Vibrio
cholerae, and Neisseria gonorrhoeae, are under way.

Conclusion

The importance of basic research to the
control of emerging and reemerging diseases
cannot be overemphasized. Emerging diseases
research encompasses many disciplines, and
research advances that fall under the rubric of
emerging diseases will be relevant not only to
specific diseases being studied but to a broad range
of disciplines such as vaccinology, immunology,
and drug development (Figure 5)._In turn,
research in these areas is critical to advances in
emerging and reemerging diseases. With a
sustained commitment to basic research and
cross-sector collaboration, important scientific
findings and technological advances can be
translated into improved global health and
reduced susceptibility to new microbial threats.
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Figure 5. Benefits of emerging diseases research.
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Health Policy Implications of
Emerging Infections

Karen Hein
Institute of Medicine, National Academy of Sciences, Washington, D.C., USA

The solutions to emerging disease problems
involve politics and policy issues, as well as solid
science. The National Academy of Sciences’
Institute of Medicine (IOM), whose mission is to
“improve the health of people of the nation and
the world,” draws upon the expertise of elected
members as well as others in the United States
and other nations to make policy recommenda-
tions. Groups convene to debate contentious
issues and publish evidence-based reports with
recommendations to government, academia,
industry, and the public.

Evidence-based reports are the foundation
upon which policy can be built. In this last decade,
IOM has produced several documents that have
focused on emerging infections and provided a
springboard for policy on a local, nationwide, and
international scale. The U.S. Capacity to Address
Tropical Infectious Disease Problems (1987) (1)
concluded that U.S. capacity was barely adequate
and that improvement in policies and modest
additional funding could make a substantially
stronger contribution to the field. Required
efforts included sustained support for basic and
applied research; accelerated development and
testing of new preventive, therapeutic, and
diagnostic technologies; sustainable career struc-
tures for tropical disease professionals; increased
capacity to train U.S. tropical disease profession-
als and those from developing countries in research
and public health service; development of disease
surveillance capabilities; strengthened institu-
tional capabilities in developing countries; and
flexible, responsive administration of programs.

The Future of Public Health (1988) (2) report
made three basic recommendations regarding
the mission of public health and defined its core
functions to be assessment, policy development,
and assurance. It also included guidance for the
government’s role in fulfilling the public health
mission and the responsibilities unique to each
level of government. The report has been a useful
blueprint for the past decade.
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Emerging Infections: Microbial Threats to
Health in the United States (1992)(3) identified
significant emerging infectious diseases, deter-
mined what might be done to deal with them, and
recommended how similar future threats might
be confronted to lessen their impact on public
health. The document focused on factors
contributing to disease emergence, not the
diseases themselves: human demographics and
behavior, technology and industry, economic
development and land use, international travel
and commerce, microbial adaptation and change,
and the breakdown of public health measures.

Sexually Transmitted Diseases: The Hidden
Epidemic (1997) (4) focused on the need for a new
social norm of healthy sexual behavior. The small
investment in prevention efforts was contrasted
with the very high costs of care for treating
sexually transmitted diseases (STDs) (Figure 1).
The report also examined the obstacles and
opportunities presented by managed -care.
Limitations include the low priority for STD
prevention, emphasis on short-term cost savings,
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Figure 1. Estimated annual direct and indirect costs
for selected sexually transmitted diseases (STDs) and
their complications in 1994 versus national public
investment in STD prevention and research in federal
fiscal year 1995 (4).
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varying technical capabilities for diagnosis and
treatment, and patient concerns about confiden-
tiality and treatment of partners not enrolled in
the same health plan. Lastly, opportunities for
training and continuing education in STD control
and prevention are not built into most managed
care settings. The report called for several steps
including a national campaign to heighten
awareness of the human and financial costs of
STDs and to promote the use of social marketing
techniques for their prevention. A recent
innovative informational campaign used a niche
approach and a social marketing strategy with
the spot video Hittin’ the Skins and the public
service announcement Knockin’ Boots (D.
Futterman, pers. comm.), geared toward
alerting 16- to 21-year-olds of the need for HIV
testing.

Many related activities, in addition to the
IOM reports, have underscored the danger of
emerging infectious diseases and reiterated the
warnings about the overall erosion of the U.S.
public health system during the 1990s. The
reports also provided specific, detailed recom-
mendations for action by individual agencies. In
1994, the Centers for Disease Control and
Prevention (CDC) published Addressing Emerg-
ing Infectious Disease Threats: A Prevention
Strategy for the United States. In the same year,
the U.S. National Science and Technology
Council’s Committee on International Science,
Engineering, and Technology (an interagency
working group) was convened to consider the
global threat of emerging and reemerging
infectious diseases and in 1995 published the
report Infectious Disease—A Global Health
Threat. In 1995, the National Security Council
asked the federal government to examine its
preparedness to respond to global epidemics.

In 1995, the Food Safety and Inspection
Service, CDC, and the Food and Drug
Administration (FDA) developed the Sentinel
Site Study, which evolved into FoodNet and
now includes collection of more precise
information on the incidence of foodborne
disease in the United States. In 1996, President
Clinton’s administration set out a new policy to
establish a worldwide infectious disease
surveillance and response system and expand
certain federal agency mandates to better
protect American citizens.

In the 1996 NIAID Research Agenda for
Emerging Infectious Diseases, the National
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Institutes of Health described research and
training issues relevant to the national strategy
for confronting the threat of emerging and
reemerging infections and related its approach to
addressing these issues.

In 1996, the Department of State established
an Emerging Infectious Diseases and HIV/AIDS
Program to serve as a focal point for the
development and implementation of U.S. foreign
policy objectives to improve the health of U.S.
citizens and to stem the spread of infectious
diseases worldwide through various interna-
tional bilateral and multilateral negotiations.
This program has received $50 million in
funding. Other government agencies, including
FDA, U.S. Agency for International Develop-
ment, Department of Defense, National Oceanic
and Atmospheric Administration, National Aero-
nautics and Space Administration, and U.S.
Department of Agriculture, have also examined
the issue of U.S. vulnerability to epidemics and
resurgence of infectious disease threats.

The IOM’s Forum on Emerging Infections is
the most recent activity within the National
Academy of Sciences to keep sustained attention
on these issues. The forum was established in
1996 to provide a structured opportunity for
discussion and to scrutinize critical, and possibly
contentious, scientific and policy issues related to
research on and the prevention, detection, and
management of new and reemerging infections.
The forum has organized a series of workshops to
be conducted over 30 months. Workshop topics
include costs of infectious diseases, surveillance,
antimicrobial resistance, effects of health-care
restructuring on public health and basic research
related to infectious diseases, capacity for
emergency response to emerging and reemerging
infectious diseases, education and training needs,
predicting the future, and behavioral interventions.

Orphans and Incentives (5), a 1998 report, is
the first publication of the forum; it focused on
constraints that have left an undefined group of
“urgently needed medical products in an
orphaned condition which demands special
attention.” The authors examined these products
across the product cycle and then classified them
into categories for which incentives might be
developed to bolster the competitiveness of such
products in industrial portfolios.

The 1998 report Antimicrobial Resistance (6),
the second publication of the forum, examined
increases in the number of pathogens, multidrug-

Vol. 4, No. 3, July-September 1998



Special Issue

resistant strains, compromised persons (includ-
ing HIV-infected patients), deaths from infection
with resistant organisms, speed of the global
spread, and costs of health care. The report also
examined decreases in the antimicrobial arma-
mentarium, amount of research and develop-
ment expended when resistance was not seen as a
major threat, and funding for public health
infrastructure and addressed the following
topics: expansion, coordination, and improve-
ment of the diverse elements of surveillance;
need for relatively small but thoughtful
investments in research, clinical management
and practice, and policy; use of antibiotics in food
production; ways to prolong the effectiveness of
existing antibiotics; basic research and incentives
for new antibiotics; and legal and regulatory
mechanisms in key areas of need.

A soon-to-be-published report on a March
1998 workshop on managed care will examine the
implications of managed care systems on
emerging infections by reviewing basic and
clinical research, clinical practice guidelines,
surveillance and monitoring, prevention, educa-
tion and outreach, and product development.

These reports and events have examined
research on emerging infectious diseases and
crafted a series of policy recommendations. They
put forth a rationale for why the United States
should invest in global health. The 1997 report,
entitled America’s Vital Interest in Global Health
(7), provided a new framework for thinking about
the benefits to the United States, as well as to the
rest of the world, of our increased participation.
The movement of two million people each day
across national borders and the growth of
international commerce are inevitably associated
with transfers of health risks (e.g., infectious
diseases, contaminated food, terrorism, and legal
or banned toxic substances). U.S. commitment to
global health serves to protect our people, enhance
our economy, and advance our international
interests. Moreover, governments are no longer the
sole agents in the global health arena (Figure 2).

The United States can contribute not only
with funding, but also with the scientific and
technical expertise in its health sector. The
United States should lead from its strengths
(medical science and technology) in the areas of
research and development, surveillance, educa-
tion and training, global partnerships, and
coordination and leadership. In this way, the
United States “can do well by doing good.”
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Detection and Identification of Previously
Unrecognized Microbial Pathogens

David A. Relman
Stanford University, Stanford, California, USA, and Veterans Affairs Palo
Alto Health Care System, Palo Alto, California, USA

Features of a number of important but poorly explained human clinical syndromes
strongly indicate a microbial etiology. In these syndromes, the failure of cultivation-
dependent microbial detection methods reveals our ignorance of microbial growth
requirements. Sequence-based molecular methods, however, offer alternative
approaches for microbial identification directly from host specimens found in the setting of
unexplained acute illnesses, chronic inflammatory disease, and from anatomic sites that
contain commensal microflora. The rapid expansion of genome sequence databases and
advances in biotechnology present opportunities and challenges: identification of
consensus sequences from which reliable, specific phylogenetic information can be
inferred for all taxonomic groups of pathogens, broad-range pathogen identification on the
basis of virulence-associated gene families, and use of host gene expression response

profiles as specific signatures of microbial infection.

For 100 years, efforts to detect and identify
microorganisms have generally begun with the
inoculation and incubation of growth media in the
laboratory. Colony purification and preparation of
limiting dilutions of liquid culture media have
provided at least two benefits: amplification of
microbial material and purification of single
organisms along with their direct descendants.
Because some microorganisms are not particular in
their growth requirements, these efforts have
yielded an array of diverse microbial cultivation
types. Serial propagation of microorganisms in the
presence of varied energy sources, analysis of their
macromolecular composition and their metabolic
by-products, and use of specific immunologic
reagents have created a variety of systems for
microbial classification and identification. Some
isolates purified from diseased tissues of animal
and human hosts produced identical disease when
injected into other, previously healthy hosts. By the
latter half of the 20th century, these findings had
led to optimism about our ability to detect and
recognize microscopic life forms, particularly forms
that can cause disease.
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Health Care System 154T, 3801 Miranda Avenue, Palo Alto, CA
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Microbial cultivation methods opened up an
unsuspected world of microscopic life and
presumed causative agents of human illness.
However, much of this world remained
uncharacterized. In the external environment,
certain biochemical activities could best be
explained by the presence of microorganisms,
although they could not be cultivated in vitro.
Sergei Winogradsky, a pioneering soil microbiolo-
gist of the early 20th century, spoke about the “less
docile” organisms that were not satisfied with
laboratory cultivation conditions. In the internal,
privileged niches of animals, microorganisms were
sometimes visualized in diseased tissues, and
persons with typical clinical signs of infection would
respond to antibiotics, despite unsuccessful efforts
at microbial propagation. That conserved genomic
sequences might be used to infer evolutionary
ancestry and be amplified directly from natural
sites of infection provided the framework for
cultivation-independent approaches for micro-
bial detection and identification. In a few years, it
became clear that most extant microorganisms in
the external environment had been completely
overlooked because of their resistance to
cultivation on artificial media.
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Sequence-Based Methods for Pathogen
Discovery

What features of a genetic sequence make it
useful for identifying uncharacterized micro-
organisms? (1). First, the sequence should be
conserved among a relatively large number of
known organisms. Second, its rate of change
should be constant over long periods and among
diverse organisms and should allow inferences of
evolutionary distance among a wide range of life
forms; the sequence should not be subject to widely
discrepant degrees of evolutionary pressure. Third,
the sequence should not have been shared among
different organisms by horizontal transmission.
Finally, the sequence should be amenable to broad-
range amplification or detection.

The sequence of the small subunit ribosomal
RNA or DNA (ssu rDNA), among other genomic
sequences, meets these criteria. Ssu rRNA
sequences were the first to reveal a tripartite tree
of cellular life, one that includes the bacteria,
archaea, and eukarya (2); few genetic sequences
reliably reflect the ancestry of such a wide array
of cellular life as the ssu rRNA. Since this
realization nearly two decades ago, a large ssu
rRNA sequence database has accumulated (3),
further enhancing the usefulness of this
particular locus. (More than 7,000 bacterial 16S
rDNA sequences are now available). Highly
conserved regions of the ssu rDNA and ssu rRNA
provide priming sites for broad-range polymerase
chain reaction (PCR) (or RT-PCR) and obviate the
need for specific information about a targeted
microorganism before this procedure. Thus, a
previously uncharacterized bacterium, for ex-
ample, can be identified from an infected site or
tissue by broad range bacterial 16S rDNA
amplification, sequencing, and phylogenetic
analysis (4). This approach was applied to the
uncultivated bacteria of bacillary angiomatosis in
1990 and of Whipple’s disease soon thereafter
(5,6). Because of the usual presence of host DNA,
eukaryotic pathogens (parasites, fungi) must be
approached either with domainwide primers and
partially purified pathogens or with range (e.g.,
kingdom)-restricted eukaryotic primers (7).

Broad-range PCR as a method for “pathogen
discovery” is not limited to ssu rDNA as a target
or to cellular life. Any phylogenetically reliable
family of orthologous gene sequences found
among a coherent group of microorganisms can
be targeted, as long as conserved priming sites
can be defined at sites that flank the informative
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region of sequence. For example, a newly
discovered hantavirus was identified as a cause of
acute pulmonary disease by using broad-range
primers directed at a conserved region of a coat
protein-encoding genomic segment (8). A collec-
tion of family-restricted broad-range primers is
necessary to identify unrecognized viral patho-
gens; this collection is not yet comprehensive.
Two other independent sequence-based meth-
ods are available for pathogen discovery. One relies
upon subtractive hybridization toisolate fragments
of nucleic acid that are unique (different) to one
member of an otherwise matched pair of specimens;
these “difference” molecules are then selectively
amplified by using linker sequences that had been
ligated to all fragments derived from the infected
specimen. Multiple rounds of subtraction and
amplification are required to find rare fragments
within a complex common background. Although
better suited than differential display or suppres-
sive subtractive hybridization for low copy targets
and highly complex backgrounds (such as human
genomic DNA), this method, known as repre-
sentational difference analysis (RDA) (9), is labor-
intensive and cumbersome. Nonetheless, it identi-
fied for the first time the presumed causative agent
of Kaposi sarcoma, human herpesvirus 8 (9). RDA
enables detection of any class of microorganism,;
however, it may be most useful for DNA viruses.
The third sequence-based pathogen discovery
method takes advantage of host immunologic
recognition of an exogenous microbial agent.
Immune sera are used to screen an expression
genomic library created from an infected
specimen. While laborious, this method has also
uncovered an important previously unrecognized
pathogen for humans: hepatitis C virus (10).
Sequence-based approaches take advantage
of the speed and sensitivity of rapidly evolving
molecular biologic methods and the specificity of
genotypic characterization. Consensus PCR has
the additional advantage of being able to target
families of sequences preselected for their
reliability in the inference of evolutionary
relationships. However, all approaches have
limitations. One of the most important for
sequence-based methods involves the processing
of clinical specimens. Difficulties include hetero-
geneity of sample, wide variation in the numbers
of microbial targets in any given sample,
resistance of some microorganisms to digestion
and subsequent release of nucleic acid, and
presence of PCR inhibitors in varying amounts
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and types—not to mention ubiquitous microbial
nucleic acid contamination of PCR reagents,
specimen collection materials, and externally
exposed surfaces of the host. These problems
reflect the intrinsic biologic variability of a highly
complex, partially characterized host. Standard-
ized procedures that produce consistent results
with large numbers of clinical specimens are rare.
Despite increasing attention to these issues,
particularly in the private and commercial
sectors, resource commitment and technology
advances have lagged behind the development of
methods for sequence acquisition and analysis. In
fact, it is far easier to generate a putative
microbial sequence from a clinical specimen than
it is to understand its clinical relevance.

As the process of pathogen discovery and
detection turns to the fundamental signature
macromolecules of all life forms and away from
reliance on cultivation, we increasingly rely on
our ability to understand a putative microorgan-
ism from its genetic sequence. Many families of
virulence-associated genes and gene products are
recognizable from their sequence, and their
targets are predictable. To predict whether the
microorganism whose presence is inferred from
amplified genomic fragments is the cause of the
disease under study, however, is far more
problematic. A replicating organism with which
to observe behavior (e.g., drug resistance) and
reproduce disease is not available. In fact, the
viability of the putative microorganism may not
be certain. Although detection of different
molecular markers (e.g., specific mRNAs, rRNA/
rDNA ratio, resistance-encoding loci) might help
resolve some of these questions, it is difficult to
determine whether these genotypes and markers
all derive from the same organism in that clinical
specimen. From a practical standpoint, proof of
disease causation from sequence-based investi-
gations will require data that address strength
and specificity of association, target dosage
effects, temporal considerations, response to
therapy, and use of in situ hybridization (11). The
selection of proper experimental and control
specimens is paramount.

Settings for Pathogen Discovery
Explorations of microbial diversity within the
external environment have yielded surprising
results. Nearly all bacteria and archaea revealed
by broad-range sequence “mining” in fresh water
sites, oceans, surface soils, and deep geologic
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niches had not been recognized or ever cultivated in
the laboratory. Novel kingdoms of life have been
discovered with these genotypic methods (12,13). It
has been estimated that only 0.4% of all extant
bacterial species have been identified. Does this
remarkable lack of knowledge pertain to the subset
of microorganisms both capable and accomplished
in causing human disease? The molecular methods
described above could be applied in several settings
in which one might expect to find uncharacterized
microbial pathogens.

Acute, Life-Threatening Unexplained lliness

All clinicians are aware of cases character-
ized by sudden onset of fever, flu-like syndrome,
and hemodynamic instability, often accompanied
by leukocytosis or leukopenia and rapid
deterioration of one or more organ systems. In
some cases, despite the strong suggestion of a
microbial etiology, conventional diagnostic meth-
ods cannot determine the cause. The dramatic
nature of these illnesses belies their potential
importance to public health and their value in
revealing “emerging” agents of disease. An
Unexplained Deaths and Critical Illnesses
Project has been designed to identify and
characterize these illnesses (14). Laboratory
investigations include the application of broad-
range ssu rDNA PCR. RDA is planned for
carefully selected cases with matched control
samples. Appropriate specimens have been
obtained in only a minority of cases, but positive
results from cerebrospinal fluid samples are
encouraging. Two lessons have been learned. 1)
Well-recognized pathogens may be the cause of
some critical illnesses that cannot be explained
with traditional diagnostic methods. 2) The
process of clinical specimen selection and
collection may need to be rethought jointly by
molecular biologists and clinicians.

Chronic Idiopathic Disease

Adaptation and cooptation, features that
favor long-term survival of both participants,
dominate most host-pathogen relationships.
Persistent or intermittent inflammation indi-
cates host perturbation and a subtle imbalance to
the relationship and gives rise to clinical
manifestations. In fact, the epidemiologic,
clinical, and pathologic features of many chronic
inflammatory diseases are consistent with a
microbial cause, but intimate or symbiotic host-
pathogen relationships are among the most
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difficult to decipher and mimic in the laboratory.
Thus, it is not surprising that although microbial
etiologies are attractive hypotheses for many
chronic diseases, culture-dependent methods have
not produced much evidence. Serologic approaches
have been useful in providing some leads. For
example, the first clues of a possible chlamydial
etiology for coronary atherosclerosis were serologic
findings. Corroborating data then became available
from the use of molecular and in situ methods.
The list of chronic inflammatory diseases
with possible microbial etiologies is extensive
(15); it includes sarcoidosis, various forms of
inflammatory bowel disease, rheumatoid arthri-
tis, systemic lupus erythematosus, Wegener
granulomatosis, diabetes mellitus, primary
biliary cirrhosis, tropical sprue, and Kawasaki
disease. In this discussion, the concept of
pathogenic mechanism should be viewed broadly.
Many chronic diseases may result from damage
or disruption of local immunologic surveillance
systems by microbial infection or products; the
microorganism is subsequently cleared away, but
autoimmune responses or responses directed
against commensal flora persist. By the time
typical pathologic and clinical findings are
produced and the disease is recognized, the
inciting agent or its nucleic acids may be gone.
Under these circumstances, the optimal time for
specimen collection may be well before the disease
takes on its characteristic features. Clinical
suspicion, astute observation, and identification of
disease-predisposing factors are critical. Surpris-
ingly few published studies describe the application
of broad-range molecular pathogen discovery
methods to the diseases listed above or to other
enigmatic chronic disease syndromes. With the
finding of microbial sequences in these disease
settings, experimental criteria for identifying
disease causation must be rigorously pursued (11).

Commensal Microbial Flora

The human body harbors a 10-fold greater
number of microbial cells than human cells. The
commensal flora includes microorganisms that
occasionally cause disease, especially when host
defenses are impaired (due to immunosuppres-
sive drugs, disruption of anatomic barriers,
suppression of bacterial flora with antibiotics, or
insertion of artificial surfaces). However, in many
hosts with impaired conditions and signs and
symptoms of infectious disease, an etiologic agent
is not identified. If our understanding of
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microbial diversity within the human-associated
commensal flora is as limited as it was of external
environments, these clinical observations may
not be surprising. That is, the inability to
cultivate some of the commensal flora may
explain the failure to diagnose related disease. In
addition to revolutionizing environmental micro-
biology, molecular methods may offer rewards for
clinical microbiology and the study of internal
environmental niches.

Recent research has compared culture-
dependent and culture-independent methods of
characterizing human commensal flora (16-19).
The results suggest that members of at least some
phylogenetic groups, e.g., the spirochetes, have
been ignored by traditional approaches. Direct
comparisons of these two methods will likely show
biases and deficiencies with each; nonetheless,
important aspects of microbial diversity will be
revealed by one and not the other. A complete
enumeration of complex microbial communities is
not the primary goal. Key members play crucial
roles in maintaining the health of the ecosystem
(20,21), and understanding community interac-
tions and function may be the more important goal.

Arthropod Vectors and Small Animal
Reservoirs

Several prominent, recently described culti-
vation-resistant pathogens are transmitted to
humans from small animal reservoirs through
airborne or vector-borne routes. These pathogens
include borreliae (22), bartonellae (23), ehrlichiae,
rickettsiae, babesiae, and hantaviruses. These
reservoirs and the relevant vectors are attractive
targets for pathogen discovery. Searches for
restricted groups of microorganisms, searches
within restricted host anatomic niches, or
searches that include subtractive or differential
techniques may be warranted, since all these
targets are also hosts for their own commensal
(e.g., intestinal) flora. Microorganisms that use
arthropod vectors often express different sets of
genes within vector versus animal host (e.g.,
human). Human immune recognition of differen-
tially expressed gene products might help
distinguish vector-associated pathogens from
nonpathogenic vector-associated flora.

Phylogenetic Diversity of Microbial
Pathogens

Nearly all kingdoms within the domain
Bacteria contain recognized human pathogens

Emerging Infectious Diseases



Special Issue

(Figure). Of those bacterial pathogens identi-
fied only by molecular methods, many are
clustered within some kingdoms and divisions,
such as the alpha-proteobacteria, which
include many organisms that form endosymbi-
otic relationships with their hosts.

Nearly all humans harbor in the intestinal
tract Archaea—among the most diverse and
numerous cellular life forms on earth (24)—most
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Figure. Evolutionary tree of the domain Bacteria
based upon comparative analysis of nearly complete
16S rDNA sequences.

notably methanogens. So why are there no known
archaeal pathogens? Although some of the most
well-known archaea were first identified in (and
were assumed to require) extreme environments,
they are also found in environments similar to
those found within the human body. However, in
vitro cultivation methods for many archaea are
unavailable, so how would we know if archaeal
pathogens existed? Molecular reagents for archaeal
detection and identification, i.e., rDNA-based
primers and probes, have not been systematically
applied to human disease-associated specimens.
Without such analyses, finding these organisms in
clinical samples would be unlikely.

Genomics and Newer Technologies

The ultimate genotype of a microorganism is
its complete genome sequence. Approximately 15
microbial genomes have been sequenced in their
entirety, and the rapid evolution of and large-
scale investment in DNA sequencing technology
predict full genome sequencing of approximately

Emerging Infectious Diseases

50 microorganisms by the year 2000. This
massive infusion of primary sequence data
unleashes the potential to identify new families
of broadly conserved orthologous genes that could
be used to infer accurate phylogenies at every
level and sector of the evolutionary tree. The
number of completed genome sequences is too
small to effect this goal (25). The sequence data
sets for newly characterized genes are too small
to assess the reliability of the phylogenies they
predict. The problem imposed by horizontal gene
transfer is now more apparent with the analysis
of multitudes of gene families. To identify a well-
characterized microorganism, an exact genotypic
“hit” with a highly variable locus is sufficient.
Likewise, clonality and clone identification can
be determined with sequences from collections of
polymorphic, but conserved loci, e.g., “housekeep-
ing genes” (26). But for an unrecognized
organism, the sequence locus or loci selected for
genotyping must be highly conserved and
phylogenetically informative and reliable. Over
the next 5 years, with the increasing use of large-
scale comparative genomic techniques, microbial
sequence databases will represent the broad
diversity among distant ancestral relatives, as
well as the fine differences among closely related
cousins. Assessment of putative universal
sequences can be undertaken. All these develop-
ments and future trends apply equally well to the
wide array of animal viruses and viral genomes
(Table 1). As genotypes become more easily
interpreted, they will continue to displace
phenotypic characterization as the basis for
pathogen recognition.

Often the only difference between a
pathogenic and a nonpathogenic strain of the
same species, e.g., enteropathogenic and
nonenteropathogenic Escherichia coli, is a small
set of virulence genes. These differences are not
reflected in the ancestry inferred from more
stable chromosomal markers (Table 2). Yet
detection of these genes is a fundamental aspect

Table 1. Newer diagnostic technologies
1. High-density DNA microarrays

® broad-based pathogen detection and
characterization: bacteria, eukarya, viruses

® virulence-associated gene families

* comprehensive host gene expression profiles

2. Improved nucleic acid subtractive methods
3. Novel bioassays for toxin activity

® neurons— or myocytes—on-a-chip
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of pathogen identification. Microbial virulence is
a phenotype whose genetic basis is rapidly being
revealed. Families of virulence-associated genes
responsible for microbial adherence, toxicity,
specialized secretion, environmental sensing,
and subversion of immune defenses have been
defined, albeit with many sequence variations on
atheme (27,28). One of the most important features
of these genes is their proclivity toward horizontal
transfer and over relatively rapid time scales.
Genome sequencing efforts have facilitated, and
will continue to facilitate, this approach to pathogen
discovery. Physical clusters (or islands) of
virulence genes are being identified, and their
distinctive composition and boundaries are being
defined (29). One might well imagine the
development of a comprehensive set of consensus
primers and probes for detecting these gene
families, clusters, and islands (Table 1).

With increasing value placed on genotypic
information and increasing numbers of poten-
tially useful genotyping loci, the technology of
sequence determination and primary genomic
characterization has assumed center stage. Goals
include speed, convenience, and large-scale
sequencing. High density DNA microarray technol-
ogy is one of the most promising in this context
(Table 1). Depending on the format, microarrays
can be used to detect nucleic acid polymorphisms or
to sequence de novo; they can also quantitate
mRNA. At least two basic applications of DNA
microarray technology are available for pathogen
detection and identification; neither has been fully
developed or tested clinically (Table 1). The first
would consist of a set of probes designed to assess
ssu rDNA sequence diversity of all known
monophyletic groups of bacteria, archaea, viruses,
and nonanimal eukarya. Other phylogenetically
reliable loci might be substituted for rDNA or
included as well. In addition, consensus probes for
families of virulence-associated genes, as described
above, would facilitate identification of unsus-
pected or newly acquired pathogenic attributes in
organisms not usually associated with these traits.
Differential hybridizations and multiple
fluorophores allow easy detection of hybridized
target and normalization of quantified values to a
reference sample. This sort of broad-range
“pathogen detection chip” would identify mixed
infections, as well as chimeric or novel microorgan-
isms (Table 2); it could rapidly create an inventory
of highly complex microbial communities and
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Table 2. Pathogens that may be difficult to detect or

identify

1. Pathogens that establish intimate relationships
with the host

® endosymbionts and intracellular organisms

2. Chimeras: natural versus man-made?

3. “Nonpathogens” that acquire virulence-associated
genes

4. Microorganisms without “universal” sequences?

measure changes in individual members as a
function of varying environmental conditions.

The second theoretical use of DNA microarray
technology for pathogen detection would focus on
host gene responses. Arrays in current use at
academic and commercial research laboratories
are capable of quantitating expression responses
by 10,000 to 20,000 human genes simultaneously
(30-34). During most infectious diseases, directly
affected tissues, secondary sites, and circulating
leukocytes will likely display sets of common
nonspecific expression responses; however, since
each microbial pathogen interacts with and
manipulates the host in a complex and unique
manner, within these highly complex patterns
there will also likely be critical diagnostic
signatures that distinguish infection by one
pathogen from infection by another. Further-
more, these stereotypic expression patterns will
evolve. The time of initial host exposure to a
pathogen might be determined by comparing new
expression patterns with a suitable preexisting
set of timed profiles. Patterns will provide clues
about the pathogenesis of chronic inflammatory
disease (35). Through the identification of key
response genes might emerge novel diagnostic
assays for their putative protein products and
novel strategies for interfering with or blocking
disease pathogenesis.

In many cases, infection-associated tissue
damage occurs in the absence of intact
microorganisms. Toxin-mediated disease is a
prominent example. Often, microbial toxins act
at a distance from the original site of microbial
toxin production and release. In this setting,
genotypic approaches for microbial detection may
not be appropriate; in addition to the assessment
of host responses, novel bioassays for toxin
activity are attractive options (Table 1). For
example, in a system designed by Greg Kovacs at
Stanford University, neurons or myocytes are
cultivated on the electrical contacts of a
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miniaturized circuit board. The electrical output
and properties of these cells can be monitored and
analyzed as they are exposed to diverse
membrane-active toxins. Although this technol-
ogy is at an early stage of development, we know
that such cells are extremely sensitive to
chemical toxins, and this sensitivity can be
recorded in the form of altered action potentials
and changes in impedance and cell movement.
Experiments are under way to test cell responses
to biologic toxins in a variety of clinically relevant
experimental conditions.

Relationships between Pathogen and Host
As more sensitive and comprehensive
methods for uncovering human-associated patho-
genic microorganisms identify previously unsus-
pected host-pathogen relationships, the nature of
these relationships may need to be rethought
(36,37). Parasitism and commensalism are
probably not the complete story; mutualism may
be more common in the human host than is
usually taught. Evidence of coevolution between
host and microbe suggests codependence. The
endosymbiont theory for the origin of eukaryotic
organelles is consistent with the same (38).
Microbial remnants and cryptic genomic frag-
ments may not be so uncommon within the
human genome; for example, approximately 1%
of the human genome is retrovirus sequence (39).
Some of these viral genes may be expressed
during local inflammation. The real challenges in
pathogen discovery will be the problems of
sequence interpretation, clinical relevance, and
proof of causation. In the end, pathogen discovery
will by necessity be a multidisciplinary effort (40).
Only with the coordinated interaction of epidemi-
ologists, pathologists, and clinicians will the role of
microorganisms in disease be clearly defined.

David A. Relman is assistant professor of medi-
cine and of microbiology and immunology at Stanford
University, Stanford, California; he is also staff physi-
cian at Veterans Affairs Palo Alto Health Care Sys-
tem, Palo Alto, California. His research interests in-
clude Bordetella pathogenesis, molecular and genomic
aspects of pathogen recognition by the host, and de-
velopment and application of molecular methods for
the identification of unrecognized microbial pathogens.
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The Emergence of Bovine Spongiform
Encephalopathy and Related Diseases

Sir John Pattison
Medical School of University College London, London, United Kingdom

Since 1986, approximately 170,000 cases of bovine spongiform encephalopathy
(BSE) have occurred among approximately one million animals infected by
contaminated feed in the United Kingdom. A ruminant feed ban in 1988 resulted in the
rapid decline of the epidemic. Transmissible spongiform encephalopathies due to
agents indistinguishable from BSE have appeared in small numbers of exotic zoo
animals; a small outbreak among domestic cats is declining. Creutzfeldt-Jakob disease
(CJD) has been intensively monitored since 1990 because of the risk BSE could pose to
public health. In 1995, two adolescents in the United Kingdom died of CJD, and through
the early part of 1996, other relatively young people had cases of what became known
as new variant CJD, whose transmissible agent (indistinguishable from that of BSE) is
responsible for 26 cases in the United Kingdom and one in France. Areas of concern
include how many cases will appear in the future and whether or not use of human blood

and blood products may cause a second cycle of human infections.

Before the 1980s, a number of diseases of
animals (scrapie, chronic wasting disease, and
transmissible mink encephalopathy) and hu-
mans (Creutzfeldt-Jakob disease, Gerstmann-
Straussler-Scheinker syndrome, and kuru), in
spite of distinctive individual features, could be
unified by the term transmissible spongiform
encephalopathies (TSEs). In 1986, bovine
spongiform encephalopathy (BSE) was first
identified in indigenous cattle in the United
Kingdom (1). A variety of clinical signs have been
observed, but the three cardinal features of the
disease are nervousness, heightened reactivity to
external stimuli, and difficult movement, particu-
larly of the hind limbs (2). Spongiform change is
evident in the brain (1), and neuropathologic tests
remain the mainstay of a BSE diagnosis. The

decline (Table 1). Approximately two thirds of
the dairy herds in the United Kingdom have
had at least one case of BSE compared with
only one sixth of the beef suckler herds.
Furthermore, most of the affected suckler
herds contained animals originating from dairy
herds, which are fed differently.

Shortly after the recognition of BSE,
epidemiologic studies indicated that the source of
infection was the meat and bone meal used in
concentrated cattle feed (5). Subsequently, in
July 1988, ruminant protein in ruminant feed
was banned. This ban immediately reduced the

Table 1. Annual incidence of bovine spongiform
encephalopathy in the United Kingdom, 1985-1997

. . . . Y Number of
disease was transmitted experimentally to mice (3) 1;2; i erli cases
and cattle (4) by use of brain homogenates from  19gg 60
cattle with clinical BSE; thus BSE has all the 1987 630
features that define classical TSEs. 1988 2,184

1989 7,137

The BSE Epidemic 1990 14,181

Some 1985 cases were diagnosed retrospec- 1991 25,032

tively; other cases occurring before 1986 probably 1992 36,682

. . . 1993 34,370

went unnoticed. Since BSE was recognized, more

. . 1994 23,945

than 170,000 cases were reported in the United 1995 14.300

Kingdom through the end of 1997. The epidemic 1996 8,016

curve, which peaked in 1992, is now in rapid 1997 4,052
Emerging Infectious Diseases 390 Vol. 4, No. 3, July-September 1998
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incidence of new infections, which began to be
reflected in a diminution in the incidence of
clinical cases 5 years later (the average
incubation period) in 1993. Nevertheless, almost
36,000 cattle with BSE were born after the
ruminant feed ban (a few as late as 1994), which
indicates that the ban was not completely
effective. Ruminant protein could be included in
pig and poultry feed, and cross-contamination of
cattle feed in the production mills and perhaps
accidental exposure of cattle on the farm were
possible until the feeding of mammalian protein
to all farm animal species in the United Kingdom
was prohibited in 1996.

The average age at which clinical BSE
manifests itself is 4 to 5 years (6). Many animals
in the national U.K. herd are slaughtered at
significantly younger ages, and those infected
with BSE would not have had a chance to develop
the disease. Using methods developed for the
retrospective analysis of the AIDS epidemic,
Anderson and colleagues (7) calculated that
approximately one million animals in the U.K.
herd must have been infected to have produced
170,000 clinical cases of BSE. These same
workers predicted the number of cases of BSE
that would occur in 1996 and in subsequent years
(Table 2). The calculations are based on a
dominant feedborne source of infection; a small
amount of cow-to-calf transmission was included
because a long-term study, conducted by the U.K.
Ministry of Agriculture, Fisheries and Food,
indicated an increased incidence of BSE in calves
born to mothers in the late stages of the
incubation period of the disease (8). The results
are compatible with a cow-to-calf transmission of
approximately 10%, which in itself is not
sufficient to perpetuate the BSE epidemic. The
calculations predict a small number of cases and

Table 2. Predictions of new infections and cases of
BSE? from 1996-2001°
New infections

Cases

very few new infections by the beginning of the
next decade. The predictions have been validated
by the actual numbers in 1996 and 1997, which
were 8,016 and 4,149, respectively (9).

Infection in Other Animals

BSE has also been transmitted to exotic
ruminants in zoos in the United Kingdom.
Between 1986 and 1992, cases have occurred in
bison, nyala, gemsbok, two species of oryx,
greater kudu, and eland. These animals became
infected by eating the same meat and bone meal-
containing concentrated feed responsible for the
disease in cattle. BSE infection in species other
than ruminants was always considered possible.
Careful watch was kept on the packs of hounds
used for hunting in the United Kingdom because
they are often fed carcasses unfit for human
consumption. Spongiform encephalopathy has
not occurred in dogs; however, in 1990, a case of
spongiform encephalopathy was diagnosed in
domestic cats; 81 additional cases in cats have
occurred with a wide geographic spread
throughout the United Kingdom. The true
incidence is probably many times higher than
observed because diagnosis is patchy and the
disease was not statutorily notifiable until 1994.
The annual incidence at the height of the
outbreak was probably 10 to 15 cases per million
cats (Wilesmith, pers. comm.). The most likely
source of the infection was commercially
produced cat food. In 1989, the pet food industry
removed the dangerous bovine tissues, the
specified bovine offal, before a statutory ban in
1990. The number of cases of feline spongiform
encephalopathy (FSE) diagnosed in the United
Kingdom has been declining since 1994 (1994, 16
cases; 1995, 6 cases; 1997, 6 cases) (Table 3). Only
one cat, an adopted stray, was apparently born

Table 3. Number of cases of feline spongiform
encephalopathy in the United Kingdom by year of
diagnosis (MAFF, personal communication)

95% 95% 31153(1; Numbe; 2of cases
Expected Prediction Expected Prediction 1991 19
Year value interval value interval 1992 10
1996 189 (155-11,300) 7,386 (6,541-8,856) 1993 11
1997 95 (63-236) 4,111 (3,006-7,664) 1994 16
1998 38 (21-214) 1,864 (1,153-7,052) 1995 8
1999 12 (5-162) 682  (388-5,909) 1996 6
2000 3 (1-86) 221  (128-3,660) 1997 6
2001 1 (0-33) 72 (45-1,592) 1998a 4
aBovine spongiform encephalopathy.
bInformation extracted from (7). “To May 1, 1998.
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after the ban on specified bovine offal in pet food.
A TSE indistinguishable from BSE has also been
found in puma, cheetah, ocelot, and a tiger in zoos in
the United Kingdom between 1992 and 1995. These
animals became infected as a result of being fed raw
meat, which would have included bovine central
nervous system, a practice which has now ceased.

Human Disease and BSE

Control Measures

The risk to human health from BSE was
always recognized. The principal protective
measure was the November 1989 ban on the use
of certain specified bovine offal in human food. As
with scraple, the tissues banned were those likely
to contain the highest concentrations of the
transmissible agent (brain, spinal cord, tonsil,
spleen, thymus, and intestine of cattle older than
6 months of age). The intestine and thymus of
calves was added to the list in 1994 when a long-
term pathogenesis study in cattle by the Ministry
of Agriculture, Fisheries and Food indicated that
the transmissible agent could be found in the
terminal ileum (it is assumed that the agent was
present in Peyer’s patches). In 1996 the whole
head, other than the tongue, was formally
banned because of concern about possible
contamination with brain. Since the banned
tissues now contain more than offal, the tissues
are referred to as specified bovine material.
During 1995, it became clear that spinal cord was
not being completely removed from a small
number of carcasses that were subsequently
certified as fit for human consumption. Conse-
quently, in December 1995 the U.K. government
banned the use of bovine vertebral column for the
production of mechanically recovered meat. In
March 1996, when it became clear that human
disease related to BSE was “probable” rather
than “theoretical,” the U.K. government intro-
duced the over-30—month scheme, which allowed
only animals under the age of 30 months to be
used for human food, provided that all the banned
specified bovine material had been removed. This
added an extra margin of safety because cattle
can be reasonably accurately aged by their
dentition at 30 months and because BSE is
relatively rare under the age of 30 months. Only
265 cases occurred in cattle younger than 30
months, and during 1997, the youngest animal
with BSE was 37 months of age (Ministry of
Agriculture, Fisheries and Food, pers. comm.). In
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the second half of 1997, the long-term
pathogenesis experiment indicated that the
transmissible agent of BSE could be recovered
from the dorsal root ganglia of experimentally
infected animals toward the end of the incubation
period. Also, in one animal the agent was
transmitted by intracerebral inoculation of mice
with bovine bone marrow. Accordingly, in
December 1997 the U.K. government introduced
legislation to ban the sale of beef on the bone,
even from animals under 30 months of age. Many
in the United Kingdom thought that this
regulation to prevent an extremely small risk of
transmitting BSE in T-bone steaks and rib of beef
was unnecessary. Nevertheless, the introduction
of the specified bovine offal ban in 1989 and its
subsequent refinements have ensured the safety
of beef and beef products that now enter the
human food chain in the United Kingdom. Even
so, as a consequence of the emergence of new
variant CJD, a worldwide ban on the sale of U.K.
beef and beef products was introduced by the
European Union in March 1996 and is still in
force with the exception of a recent (March 1998)
relaxation for certain herds in Northern Ireland.

New Variant CJD

Clearly, the first measures to protect human
health were introduced before any human
disease could be related to BSE. To guard against
the possible emergence of such disease (or
diseases), the U.K. Department of Health set up a
CJD Surveillance Unit in 1990. The purpose of
the unit was to monitor the trends in incidence of
CJD and any unusual features among cases.
Concern was first focused on the 1995 cases of the
third and fourth U.K. farmer since 1990 to be
confirmed as having CJD. Statistically, the
chances of four such cases occurring in 6 years in
the United Kingdom were very small. However,
the clinical features of the disease were typical of
classical CJD, and collaboration between the CJD
Surveillance Unit and other European countries
indicated that farmers were overrepresented
compared with CJD cases in countries with no
BSE. Subsequently, classic CJD was confirmed in
these farmers; no further cases have been
diagnosed in U.K. farmers, and the significance of
the high incidence in 1995 is diminishing.

The death in May 1995 of the first adolescent
ever to be diagnosed with CJD in the United
Kingdom was followed in October 1995 by the
death of a second adolescent; by January 1996,
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three other young (29 years of age) persons
became ill. Atypical pathologic results were
beginning to be defined in these patients; and on
March 8, 1996, eight cases of what came to be
known as new variant CJD or variant CJD
(vCJD) were reported to the Spongiform
Encephalopathy Advisory Committee. The cases
were distinguished by the relatively young age at
which the symptoms started (10,11). That age
range is now 16 years to 52 years. The duration of
the illness is relatively long, averaging approxi-
mately 14 months as opposed to the 4 to 5 months
in classic CJD. The early symptoms are often
psychiatric, and it may be 6 or 7 months before
any neurologic signs appear. The characteristic
electroencephalogram pattern of sporadic CJD is
not seen in vCJD, and pathologic results show
florid plaques and extensive cerebellar involve-
ment with multiple PrP deposits. As with BSE
and FSE, the neuropathologic appearances are the
mainstay of laboratory confirmation. Magnetic
resonance imaging scanning and detection of 14-3-
3 protein can be helpful. Early evidence indicates
that the diagnosis can often be made from tonsil
biopsies (12). Otherwise, diagnosis must depend
upon brain biopsy or postmortem examination.
When on March 20, 1996, the U.K.
government announced the existence of 10 cases
of vCJD and the opinion of the Spongiform
Encephalopathy Advisory Committee that these
were probably related to BSE, three questions
immediately arose. The first was, “Is there really
any link with BSE?” Additional evidence
emerged from the work of Collinge and his
colleagues (13) on the analysis of the PrP
fragments after protease digestion. The position
of the three fragments and the relatively high
concentrations of the di-glycosylated form
indicated that vCJD was distinct from the
previously recognized forms of CJD and that
similarities existed between the cases of vCJD
and BSE and FSE. In 1997, the first results were
published from the classic strain typing
experiments initiated during 1996 (14). The
characteristics of material from cases of vCJD, in
terms of incubation period and lesion profile in
RIII mice, were identical to those from cases of
BSE and FSE. These observations are confirmed
now in C57 black mice. Thus, vCJD can now be
regarded as human BSE in the same way that
FSE is regarded as feline BSE. The second
question was, “What is the route of transmission
from cattle to humans?” So far we have no
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evidence, only a working hypothesis, that
transmission was likely from inclusion in the
human food chain of tissues that contain the
highest concentration of the transmissible agent.
The major differences in human exposure to
these tissues would have occurred first when sick
animals were banned from the human food chain
in 1988 and again in 1989 when the specified
bovine offals of otherwise healthy animals were
removed from the human food chain.

Studies continue in an attempt to answer the
third question, “How many vCJD cases will there
be in the future?” So far, 26 cases have been
diagnosed in the United Kingdom (Table 4) and 1
in France. Incidence has not increased since
vCJD was first diagnosed in 1995. If instead of
looking at the date of death one looks at the date
of onset of the symptoms in the 26 patients, two
new cases occurred on average every quarter
since 1994. All cases have been methionine
homozygotes at codon 129 of the PrP gene. In the
general population approximately 40% have such
a genotype; 10% are valine homozygotes, and 50%
are heterozygotes. An analysis of classic sporadic
CJD indicates that 80% of those cases are
methionine homozygotes, 10% valine homozy-
gotes, and 10% heterozygotes. It is perhaps not
surprising, therefore, that the first cases of vCJD
to be seen are methionine homozygotes.

Only one published analysis has predicted
the number of future nvCJD cases after
constraining the models used to the known and
surmised facts at the time (15). The total number
of future cases will depend critically on the
average incubation period of vCJD. At present,
we have no way of determining that; therefore, it
remains too early to predict with any accuracy
the total number of future cases. It remains
possible that the outbreak of vCJD cannot be
regarded as a single curve and that the small

Table 4. Creutzfeldt-Jakob disease in the United Kingdom
Deaths of definite and probable cases
Refer- Spora- Iatro- Fami-

Year rals dic genic lial GSS? nvCJDPTotal
1994 116 52 1 3 3 0 59
1995 86 34 4 2 3 3 46
1996 133 40 4 2 4 10 60
1997 152 42 6 3 0 10 61
1998¢ 35 3 0 1 0 2 6

aGerstmann-Straussler-Scheinker syndrome.

PNew variant Creutzfeldt-Jakob disease.

‘To Apr 30, 1998. Figures released by U.K. Department of
Health Jun 1, 1998.
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number of cases have occurred in persons who are
extremely susceptible for unknown reasons.

The Future

Much has happened already as a consequence
of the emergence of BSE in U.K. cattle. The
appropriate measures are in place to protect
public health and end the BSE epidemic in cattle
and other affected species. These measures are
more rigorously enforced than ever before. It is
difficult to see what could be done to make the
BSE epidemic decline more rapidly than it
already has, short of slaughtering the entire U.K.
herd, which would be unnecessary and impracti-
cal. From now the question is likely to be how to
withdraw some of the restrictions on U.K. beef
and beef products. The exemptions are likely to
be herd based (as is the case with Northern
Ireland) or date based after the total ban on the
use of meat and bone meal in the feed of any farm
animals in the United Kingdom in 1996. In terms
of the protection of public health, all the
necessary measures are in place. Two further
concerns remain and are actively under
consideration: whether or not BSE exists in the
sheep flocks and whether the cases of vCJD in the
United Kingdom will be sufficient to generate
concern about a second wave of transmission
within the human population as a consequence of
the use of blood and blood products. With respect
to the former, the detection of sheep with scrapie-
like diseases in the United Kingdom and the
typing of strains from affected animals are being
intensified. With respect to blood and blood
products, some restrictions on the use of U.K. raw
materials for the production of blood products are
already in place, and a detailed risk assessment
in relation to blood transfusion is awaited.

Sir John Pattison is a virologist and dean of the
Medical School, University College London, and Chair,
U.K. Spongiform Encephalopathy Advisory Committee.
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Explaining the Unexplained in Clinical
Infectious Diseases: Looking Forward

Bradley A. Perkins* and David Relmanf
*Centers for Disease Control and Prevention, Atlanta, Georgia, USA; and
tPalo Alto VA Medical Center, Palo Alto, California, USA

We examined the need to improve our ability
to explain the unexplained in clinical infectious
diseases, primarily through improvements in
diagnostic technology. Part of the motivation for
this effort came from an Emerging Infectious
Disease Program (funded by the National Center
for Infectious Diseases, Centers for Disease
Control and Prevention [CDC]) to conduct
surveillance for unexplained deaths and critical
illnesses due to possibly infectious causes. This
project has found that the number of such
patients in the United States is substantial and
that a probable causative agent can be identified
in only a small fraction of these patients.

John Bartlett, Johns Hopkins University,
Baltimore, Maryland, and Sherif Zaki, CDC,
Atlanta, Georgia, addressed the current status
and offered their perspectives on pneumonia,
particularly acute respiratory distress syndrome
(ARDS) and hemorrhagic pneumonia, syndromes
frequently associated with unexplained critical
illness. Greg Kovacs, Stanford University, Stanford,
California, and Michael Eisen, Stanford University
School of Medicine, Stanford, California, presented
possible technologies and approaches to improving
diagnostic capabilities—a sensitive biologic detec-
tion system (for toxins and host gene expression
responses) for diagnosing infectious diseases.

Pneumonia—Evolving Diagnostic
Practices

Pneumonia, the most common infectious
cause of death in the United States, accounts for
approximately 45,000 deaths annually. In large
hospital-based studies, no causative agent can be
identified in 35% of community-acquired pneu-
monia cases. In actual practice, this proportion is
probably 50% to 75%.

Over the last three decades, the proportion of
community-acquired pneumonia cases in which
Streptococcus pneumoniae was isolated has
substantially declined. In the 1970s, the
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proportion was 62%; in the 1980s, 40%; and in
1991, 18%. Why has the recovery of pneumococci
from patients with community-acquired pneumo-
nia changed so dramatically? Have the causes of
community-acquired pneumonia changed? Stan-
dard “gumshoe” microbiology to isolate pneumo-
cocci has taken a devastating hit in the 1990s due
to outsourcing of microbiology services or just
decreased emphasis on standard microbiology
practices (e.g., collection and handling of clinical
specimens). Newly recognized agents such as
Legionella pneumophila may also explain some
of the decrease in the proportion of pneumo-
cocci isolated.

Recommendations for the evaluation and
management of community-acquired pneumo-
nia, developed by the Infectious Disease Society
of America, were published in the April issue of
Clinical Infectious Diseases. These recommenda-
tions detail diagnostic tests as well as inadequa-
cies in diagnostic technologies for several of the
common causes of community-acquired pneumo-
nia, including Chlamydia pneumoniae, L.
pneumophila, and Mycoplasma pneumoniae.

Pathologic Approach to the Diagnosis of
Infectious Causes of Pulmonary
Hemorrhage and Acute Respiratory
Distress Syndrome

Pathologists should recognize patterns of
tissue injury (especially in the lung parenchyma)
that react in specific and predictable ways. This
approach narrows diagnostic options and focuses
testing efforts. Acute lung injury (e.g., diffuse
alveolar damage or ARDS) and air space filling
patterns (e.g., hemorrhage and pulmonary
edema) of lung injury are two important patterns
manifesting infectious disease. Examples include
diffuse alveolar damage associated with adenovi-
rus infection (smudge cells may be seen); measles
(giant cells); respiratory syncytial virus (RSV)
infection; influenza infections; Rocky Mountain
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spotted fever; typhus; legionnella; mycoplasma;
and hemorrhage associated with aspergillosis,
mucormycosis, leptospirosis, dengue, yellow
fever, Lassa, and Ebola virus infection. The
recognition of these patterns (combined with
application of special stains, immunohistochemi-
cal reagents, and in situ hybridization) is a
powerful tool in the diagnosis of unexplained
critical infectious diseases.

Two examples of the application of these
combined methods to the identification of
infectious agents are the 1993 hantavirus
epidemic in the southwestern United States and
the 1995 leptospirosis epidemic in Nicaragua. In
the hantavirus epidemic, healthy young adults
contracted fever and rapidly progressive pulmo-
nary disease consistent with ARDS, and many
died within days of the onset of illness. Testing for
a wide variety of agents was negative. Lung
tissue showed interstitial pneumonitis and
interalveolar edema; these patterns were consis-
tent with viral pneumonia or toxic change. After
serum samples from these patients were found to
cross-react with known hantaviruses, antibodies
were used to demonstrate hantavirus in the lung,
kidney, and muscle tissues. In the leptospirosis
epidemic, after heavy rains in northern Nicara-
gua, a number of persons became ill with fever,
headache, muscle aches, hemorrhage, and severe
ARDS; no prominent renal or hepatic manifesta-
tions were observed. Initial testing focused on
hantavirus, dengue, and other viral agents, but
results were negative. Pathologic examination of
tissue from fatal cases showed pulmonary
hemorrhage and diffuse alveolar damage, as well
as renal and hepatic changes. In the 1980s,
reports of leptospirosis epidemics in Korea and
China prompted investigators to develop an
immunohistochemical test for leptospirosis; the
disease was subsequently found in kidney, liver,
and lung specimens of Nicaraguan patients.

Novel Bioassay for Detecting Toxin-Mediated
lliness

The impetus for this project has been
twofold: military detection of chemical and
biological warfare agents and pharmaceutical
screening. Cells are cultured on silicon chips, and
their response to toxins is monitored in several
ways (e.g., action potential for electrically active
cells, impedance, and motility). These systems
complement other approaches because they allow
detection of unknown or unrecognized toxins. A
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cell monolayer is incredibly responsive because of
its diffusion characteristics; this responsiveness
can be tuned by selection of cells and through
engineering. The use of cocultures can allow
diversity in detection and response characteris-
tics. In addition to detecting chemical and
biological warfare agents, these systems can
screen for antidotes by challenging the system
with the toxin and adding a putative antidote.
Pharmaceutical companies are interested in
using this system for early screening of drug
actions on cell physiology.

Chick myocardial cells and NG108 neuro-
blastoma hybrid cell lines were used to examine
the shape and frequency of action potentials.
Exposure of these cells to agents with known
effects on cell physiology (e.g., epinephrine,
verapamil, and tetrodotoxin) causes predictable
changes (depending on the interaction of these
toxins with transmembrane channels) on the
shape of action potential curves when deviation
from baseline is used as the internal control on
response. Impedance measurement (alteration in
electrical current after passage through a cell)
can also be used to reflect changes in the cell
membrane as a result of exposure to a toxin. The
effect of toxins on the cytoskeleton can also be
measured by cell motility through impedance.
When this technology was first developed, it
required approximately 1 m?® of electronics support,
but with silicon chips a laptop computer can now
support the operation. A Windows application can
handle the data processing, and the technology can
be transferred to other laboratories.

Cellular Scouts: Genome-Wide Expression
Monitoring of Peripheral Blood to Detect and
Characterize Pathogens

Using an easily constructed robot, we have
been building DNA microarrays in which each
dot represents different open reading frames. In
the fully sequenced genome of Saccharomyces
cerevisiae, there are 6,200 dots or open reading
frames. The Human Genome Project has
identified approximately 50,000 distinct cDNA
sequences, and we have been using microarrays
with approximately 15,000 of these. By the end of
1998, we will have all 50,000 genes on a
microarray. For these assays we use a control and
an experimental sample. From these samples, we
isolate polyadentylated RNA by using any of a
variety of kits, and then make fluorescently
labeled ¢cDNA copies, with each of the two
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samples labeled with a different color (e.g., one
green and the other red). RNA is degraded to
avoid any confounding signals; the samples are
mixed and then hybridized to the microarray. The
microarray is imaged by using a scanning laser
confocal microscope, and through a process of
quantitation, the relative representation of every
gene in sample 1 versus sample 2 is calculated.
These data provide a very high resolution
fingerprint of what is going on in any cell(s) of
interest. So when a sample from a healthy person is
compared with one from an ill person, differences in
gene expression should be sufficiently unique to
diagnose particular infections.

First, however, we would like to know that
cells respond to internal and external stimuli by
at least some differences in expression of their
genes, that specific stimuli result in distinct gene
expression patterns, and that the response to
stimuli evolves in a stereotypic temporal manner.
Ideally, we would like not only to diagnose a
particular infection but also to determine the
stage of that infection. Preliminary data from our
laboratory support these hypotheses. The
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patterns of human gene response to different
stimuli, including T-cells stimulated with
mitogens, cells exposed to DNA damaging agents,
and cells infected with polio and cytomegalovirus
have distinct DNA expression patterns, or “bar
codes,” that change over time. Although we have
not processed a wide selection of infectious agents,
we have evaluated approximately 60 distinct
human tumor cell lines using a common control cell
line. When we used these data for phylogenetic
reconstruction, we found very good clustering with
respect to the tissue of origin. Specific signatures
are related to central nervous system tumors,
kidney tumors, melanomas, and leukemias.

We would like to focus on the use of peripheral
blood cells as a sort of infectious disease sensor.
There are a number of reasons to believe that this
may work. We have data from human lymphocytes
harvested from whole blood (where one sample is
exposed to interleukin-2 and the other is not) and
we can demonstrate many changes in gene
expression. To make this approach useful, we will
need a broad range of gene array data from
persons with known causes of illness.
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Malaria: A Reemerging Disease in Africa

Thomas C. Nchinda
World Health Organization, Geneva, Switzerland

A recent upsurge of malaria in endemic-disease areas with explosive epidemics in
many parts of Africa is probably caused by many factors, including rapidly spreading
resistance to antimalarial drugs, climatic changes, and population movements. In Africa,
malaria is caused by Plasmodium falciparum and is transmitted by Anopheles gambiae
complex. Control efforts have been piecemeal and not coordinated. Strategies for control
should have a solid research base both for developing antimalarial drugs and vaccines and
for better understanding the pathogenesis, vector dynamics, epidemiology, and
socioeconomic aspects of the disease. An international collaborative approach is needed
to build appropriate research in a national context and to effectively translate research
results into practical applications in the field. The Multilateral Initiative for Malaria in Africa
can combine all of the above strategies to plan and coordinate partnerships, networking,
and innovative approaches between African scientists and their Northern partners.

The global malaria eradication program ofthe
1950s and 1960s suffered serious setbacks in the
early 1970s, and the disease was slowly increasing
in areas of Asia and South America where the
number of cases had been reduced to low levels.
This article discusses malaria and, more
specifically, malaria in Africa, where the global
eradication program was never started and the
disease is reemerging at an alarming and
unprecedented rate.

The Disease

Malaria in humans is caused by a protozoon
of the genus Plasmodium and the four
subspecies, falciparum, vivax, malariae, and
ovale. The species that causes the greatest illness
and death in Africa is P. falciparum. The disease
is transmitted by the bites of mosquitoes of the
genus Anopheles, of which the Anopheles
gambiae complex (the most efficient) is respon-
sible for the transmission of disease in Africa.
Fever is the main symptom of malaria. The most
severe manifestations are cerebral malaria
(mainly in children and persons without previous
immunity), anemia (mainly in children and
pregnant women), and kidney and other organ

Address for correspondence: Thomas C. Nchinda, Global
Forum for Health Research, World Health Organization, 1211
Geneva 27, Switzerland; fax: 41-22-791-4394; e-mail:
nchindat@who.ch.
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dysfunction (e.g., respiratory distress syndrome).
Persons repeatedly exposed to the disease acquire
a considerable degree of clinical immunity, which
is unstable and disappears after a year away from
the endemic-disease environment. Immunity
reappears after malarial bouts if the person
returns to an endemic-disease zone. Most likely to
die of malaria are persons without previous
immunity, primarily children or persons from
parts of the same country (e.g., high altitudes)
where transmission is absent, or persons from
more industrialized countries where the disease
does not exist.

Why Is Malaria Reemerging?

In the last decade, the prevalence of malaria
has been escalating at an alarming rate,
especially in Africa. An estimated 300 to 500
million cases each year cause 1.5 to 2.7 million
deaths, more than 90% in children under 5 years
of age in Africa (1). Malaria has been estimated to
cause 2.3% of global disease and 9% of disease in
Africa (1); it ranks third among major infectious
disease threats in Africa after pneumococcal
acute respiratory infections (3.5%) and tubercu-
losis (TB) (2.8%). Cases in Africa account for
approximately 90% of malaria cases in the world
(1). Between 1994 and 1996, malaria epidemics in
14 countries of sub-Saharan Africa caused an
unacceptably high number of deaths, many in
areas previously free of the disease (2).
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Adolescents and young adults are now dying of
severe forms of the disease. Air travel has
brought the threat of the disease to the doorsteps
of industrialized countries, with an increasing
incidence of imported cases and deaths from
malaria by visitors to endemic-disease regions.
The estimated annual direct and indirect costs of
malaria were US$800 million in 1987 and were
expected to exceed US$1.8 billion by 1995 (3).

A number of factors appear to be contributing
to the resurgence of malaria: 1) rapid spread of
resistance of malaria parasites to chloroquine
and the other quinolines; 2) frequent armed
conflicts and civil unrest in many countries,
forcing large populations to settle under difficult
conditions, sometimes in areas of high malaria
transmission; 3) migration (for reasons of
agriculture, commerce, and trade) of nonimmune
populations from nonmalarious and usually high
to low parts of the same country where
transmission is high; 4) changing rainfall
patterns as well as water development projects
such as dams and irrigation schemes, which
create new mosquito breeding sites; 5) adverse
socioeconomic conditions leading to a much
reduced health budget and gross inadequacy of
funds for drugs; 6) high birth rates leading to a
rapid increase in the susceptible population
under 5 years of age; and 7) changes in the
behavior of the vectors, particularly in biting
habits, from indoor to outdoor biters.

What Knowledge Is Needed for Effective
Control?

Continental sub-Saharan Africa was never a
part of the global malaria eradication program.
The severity of the disease, the density and
efficiency of An. gambiae, the problem of
eradicating the disease over such a large land
mass with recurrent reinvasions, high costs, and
subsequent maintenance must have all contrib-
uted to the lack of will to undertake an
eradication program. Also, the eradication
program period coincided with the colonial and
immediate postcolonial period, during which
little or no indigenous capacity was available to
initiate and sustain malaria eradication. After a
period of laissez faire regarding malaria control,
these countries have had to face the reemergence
of the disease. Important questions about control
include the following. Is there enough knowledge
about the disease and its determinants? Are
there enough tools? Are existing resources
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adequate? Are governments and populations of
endemic-disease countries adequately prepared?

Knowledge About the Disease and Its
Determinants

Falciparum malaria is a complex disease with
a patchy nonuniform distribution and clinical
manifestations that vary from one area to
another within an endemic-disease zone, often
showing space-time clustering of severe malaria
in the community (4). The relationship between
fevers, clinical disease, anemia, and cerebral
malaria remains the subject of current research.
The determinants of severe life-threatening
malaria need further elucidation. Present
research, focusing on the disease rather than the
infection and the dynamics of its transmission, is
bringing in new vision about the disease,
particularly the immunologic aspects. Persons with
asymptomatic parasitemia constitute an important
reservoir. The epidemiology of malaria (particu-
larly the relationship between the clinical patterns
of the disease in different locations, the pattern of
severe disease, and causes of deaths due to malaria)
needs future research (5).

Tools for Malaria Control

The present strategy for malaria control,
adopted by the Ministerial Conference on
Malaria in Amsterdam in 1992, is to prevent
death, reduce illness, and decrease social and
economic loss due to the disease (6). Its practical
implementation requires two main tools: first,
drugs for early treatment of the disease,
management of severe and complicated cases,
and prophylactic use on the most vulnerable
population (particularly pregnant women); sec-
ond, insecticide-treated nets for protection
against mosquito bites. Each tool has its own
problems in regard to field implementation.

Chloroquine remains the first-line therapy
for malaria. However, the alarming increase in
resistance in eastern and southern Africa
requires that sulfadoxine-pyrimethamine re-
place chloroquine as the first-line drug. Cur-
rently, 20% to 30% of strains are highly resistant
(RIII) with in vivo levels of 40% to 60%. Resistance
has been spreading westward, attaining levels of
20% to 35% in West Africa. Chloroquine remains
the drug of choice in most of sub-Saharan Africa.

Resistance to mefloquine, another first-line
drug, developed in the early 1980s, was noticed
soon after its introduction and is now almost at
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the same level as chloroquine. Sulfadoxine-
pyrimethamine (Fansidar, Hoffman la Roche) is
the second-line drug in many countries of West
and Central Africa, but so much resistance
appears to be rising in countries of East Africa that
atovaquone/dapsone (Malarone, Glaxo Wellcome)
is being developed as a replacement. Intravenous
quinine is still the main therapy for cerebral
malaria, although resistance is increasing.
Development by the African strains of malaria
parasites of the pattern of drug resistance now
seen in Southeast Asia would be a major disaster.

More research is needed. For example, it is
necessary to initiate systematic monitoring of
drug resistance in Africa using standardized
methods. Drug efficacy studies using in vivo
methods have now been standardized by the
World Health Organization (WHO)/Regional
Office for Africa (AFRO) and carried out in a large
number of countries in West, Central, and East
Africa. Sentinel sites have also been established
for monitoring resistance. No new methods are
being developed. The feasibility of wusing
polymerase chain reaction techniques should be
explored. Also, management guidelines should be
developed concerning when and under what
conditions to change the treatment regimen for
different levels of resistance at the district,
regional, and central level. Development and
field testing of inexpensive, effective new malaria
drugs are urgently needed to replace present
drugs when resistance patterns make them
unusable. Drugs developed because of the more
serious problem of drug resistance in Asia should
be field tested in Africa. The most promising ones,
artemisinin and its derivatives artemether,
arteether, and artesunate, are being tested for
use in cerebral malaria and cases of proven
resistance to chloroquine (12); some are already
used in some countries.

Research carried out in Dakar (7) demon-
strated the efficacy of insecticide-treated nets for
reducing infant death; subsequent large-scale
multicenter studies in six countries across Africa
confirmed this finding (8-10). However, costs of
the nets and treatment still inhibit wide-scale
use. Ongoing research seeks ways of reducing
these costs, such as social marketing, possible
involvement of the private sector, cost-effective
methods for net treatment, the most appropriate
nets, and proper procurement of insecticides and
treatment of the nets. Eventually, the long-term
effects on natural acquisition of partial immunity
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to malaria in endemic-disease areas should be
evaluated. The old vector-control method of house
spraying persists in some countries. The relative
merits and cost-effectiveness of house spraying
versus the use of treated nets should be evaluated.

The Challenge of Malaria Control to
Communities and Governments

The best tools will not necessarily lead to
malaria control. African populations have
traditional perceptions about disease causation
and management. Some diseases are considered
suitable for management by western medicine,
while others are considered the exclusive domain
of local traditional health practitioners. Deci-
sions to seek western medicine for any illness are
often considered a last resort. Studies on health-
seeking behavior, perceptions of malaria, treat-
ments, and decision making for health care at the
household level are crucial to malaria control.
Such studies must be accompanied by improved
public awareness of the importance of seeking
appropriate treatment and complying with
recommended regimens.

Management of disease in the household
devolves on mothers. Fever remains the most
recognized symptom of malaria. Studies are
ongoing to determine the proportion of fevers
actually due to malaria. Mothers should be
taught to recognize the symptoms of malaria, to
provide home management, and to know when to
refer cases to health centers. Four countries in
Africa have developed and tested teaching guides
to facilitate home management of malaria (11).
Also, guidelines for the management of fever at
the periphery have been developed and field tested
within the Sick Child Initiative and have been
recommended for wide-scale application. Socioeco-
nomic and community studies are needed to
understand the extent to which the communities
will participate in new malaria control measures.
Finally, cost recovery of health care, including
costs of drugs (the Bamako Initiative), has been
the subject of many recent studies and probably
holds the key to health care in rural populations.

Some study results indicate an initial fall in
use of services following the introduction of cost-
recovery schemes (12). However, a recent study
indicates the opposite. Community health
workers were trained to administer prepackaged
antimalarial drugs only when paid. They also
received direct remuneration for their work
rather than being supported by the village on a
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voluntary basis (13). This plan seems to have
increased attendance. This subject needs large-
scale multicenter studies.

Governments’ Response—Peripheral Health
Services

Health service organization, function, and
governing policies are important to malaria
control. Health policy and systems research have
been recently identified as neglected areas of
research in need of international effort (1). Many
studies are researching different ways to
integrate vertical malaria control programs into
the general health-care system. Economic
evaluation of different interventions is impor-
tant, and the techniques are continually being
refined and improved. They require much local
capacity since they tend to be country specific.
Studies in this area have now caught up with the
current trend favoring decentralization of
services, giving more power to the districts. Such
studies include ways of improving case manage-
ment where health services have been decentral-
ized, sustaining effective interventions, and
ensuring that drug supply chains function
optimally. Extensive research is examining
health sector reform on malaria control (12).
Health sector reform holds great potential for
controlling malaria and all other diseases, asitis
the focal point of the central and local
governments and the populations themselves.
Other needed research includes different health
policies, access to health services, and the issues
of equity in health care.

Is There a Place for Biomedical Research?

If the emphasis appears to be on epidemio-
logic and socioeconomic research and studies on
health policies and systems, it is because these
results have immediate importance to malaria
control. The argument is for better use of existing
tools. However, tools alone will not provide all the
knowledge needed for sustainable malaria
control. Recent research by the Wellcome Trust
and the National Institutes of Health on
sequencing the genome of P. falciparum is likely
to lead to development of new antimalarial drugs
and vaccines. Similarly, DNA technologies are
being used to search for candidate molecules for
vaccines and new targets for drug development.

The development of a malaria vaccine is still
in the laboratories, and no effective vaccine is in
sight despite promising candidates. Subse-
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quently, all candidate vaccine trials must be
closely linked to studies on how humans acquire
immunity and the correlation between protective
immunity and immunologic assays. Such studies
should be carried out longitudinally in multiple
sites where future vaccines will be tested.

On the vector side, studies in Mali have
shown that malaria transmission in this Sahel
country is maintained by a relay transmission
pattern, whereby the three main vectors appear at
different times of the year, thus ensuring that
vectors are always present (Y. Toure, pers. comm.).
More research is in progress concerning the
potential of using genetic engineering to make
the main malaria vector, An. gambiae, refractory
tothe malaria parasite and releasing this refractory
parasite into the wild population to replace the
active vectors. Despite potential ethical problems,
this approach probably constitutes a long-term
future method for interrupting malaria transmis-
sion (14). Finally, the much-neglected issue of the
pathogenesis of malaria anemia both in children
and pregnant women, as well as the link of anemia
in pregnancy and HIV/AIDS, needs further study
and is likely to be multifactorial.

Mapping malaria transmission intensity
using geographic information systems and
geographic positioning systems has developed
into a Pan-African research collaboration for
Mapping the Malaria Risk in Africa, which has
received international funding. It plays a major
rolein time-spatial mapping of malaria across the
continent with a strong potential for predicting
malaria epidemics (15) and monitoring control.

What Is the Response of the World Health
Organization?

WHO developed global and regional strate-
gies for malaria control after the Ministerial
Conference on Malaria in Amsterdam in 1992.
WHO/AFRO has multiplied efforts to encourage
countries to embark seriously on malaria control.
A WHO/AFRO Task Force for Malaria comprising
a selected sample of malaria control managers,
malaria experts from Africa, and technical
representatives from bilateral and multilateral
agencies funding malaria control in Africa was
set up in 1994. This task force has met regularly
to provide guidance on malaria control strategies
and to recommend criteria for monitoring and
evaluation as well as operational research. Some
of these agencies have recently increased their
malaria control funding directly to some
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countries of Africa; others have preferred funding
through the regional office.

In addition, the WHO Director General made
a generous grant of US$10 million from the WHO
regular budget for 1997 for intensified malaria
control efforts. Momentum is building, strongly
supported by the World Bank, for more concerted
efforts at malaria control.

The Way Forward

The Multilateral Initiative on Malaria in
Africa (MIM) was created in Dakar in January
1997 from the realization that success in
controlling malaria in the future would be greatly
enhanced by cooperation and collaborative
efforts in research to support strategies for
control (5). MIM capitalized on the important
1992 Ministerial Conference, which led to the
adoption of a Global Plan of Action for Malaria
Control and the World Health Assembly Resolution
on this subject (WHA 49.11), urging increased
efforts on malaria control. Composed of scientists
from Africa and their colleagues from industrial-
ized countries as well as representatives from major
funding agencies, MIM plans to facilitate collabora-
tion between governments, research scientists,
research funding agencies, and the private
(pharmaceutical industry) sector for concerted
action through research to combat malaria.

Like other diseases of low-income countries,
malaria has been grossly underfunded. From
1990 to 1992, $58 million a year was spent on
malaria research, while $56 billion was spent on
health research worldwide. Expressed as re-
search investment per death, malaria research
receives about US$42 per fatal case, much less
than for other diseases such as HIV/AIDS
(US$3,270) and asthma (US$789) (3). Rather
than the duplicative efforts of the past, MIM
encourages a common goal with common
research priorities, which should create a greater
spirit of cooperation.

Strengthening Research Capability

MIM took a firm stand on indigenous capacity
building for malaria research in Africa, an
important prerequisite for sustainable research
and control of malaria in that continent. Training
would be carried out in Africa as far as possible
but not exclusively so. Training would be carried
out for all health-care workers within the malaria
research and control pyramid, including Ministry
of Health personnel and those in research
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institutes and universities, with no exclusion.
Flexible training programs would be developed to
meet the needs of individual research centers and
countries. A good start has been made. Using
funds provided late in 1997 to WHO’s Tropical
Diseases Research Programme, a task force was
set up for Malaria Research Capability Strength-
ening in Africa. The money funded North/South
and South/South collaborative research in
malaria. All the principal investigators were to be
from Africa. Training was central to the projects
so that more hands-on and practical research
training would be given to trainees, and practical
refresher training and technology transfer would
be given to experienced scientists.

Research centers also need to be strength-
ened. Laboratories need refurbishing and
equipment and supplies (including computer
equipment and software), and vehicles are
needed for field studies. Suitable research
careers should be created to encourage the best
scientists to remain in research.

Because scientific isolation constitutes a
major constraint to African scientists, communi-
cation facilities need urgent attention. One of
MIM’s highest priorities is to enhance the capacity
of African scientists to communicate electronically
with each other and with colleagues around the
world and to access needed scientific information
from local and remote libraries and the Internet.
NIH’s National Library of Medicine is playing a
lead role in this critical area.

The Future

Malaria is an important social, economic, and
developmental problem affecting individuals,
families, communities, and countries. The best
chance for successfully combating the disease
requires a collaboration particularly of those
responsible for control and research. Such
collaboration, particularly between South and
North, is being actively developed, and MIM
presents itself as a worthwhile initiative (16).
Important factors are 1) placing the control
strategy on a strong research base, 2) strong
international collaboration, and 3) sustained
government support.

Smallpox was eradicated because of the
development of freeze-dried vaccine, the develop-
ment of the multiple-use nozzle jet injector and
bifurcated needle, and the replacement of mass
vaccination by selective vaccination, coupled
with a strong international effort. Onchocercia-
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sis is being controlled because research results
were immediately applied to control. Translat-
ing research findings into control methods has
also been pursued for Chagas disease and
leprosy. Concerted action between the research
and control communities is needed to ensure
that malaria follows the same path. MIM
strongly advocates this approach. Research
must be a constant feature throughout the
entire process of malaria control.

Dr. Nchinda is senior health specialist at the
Global Forum for Health Research based at the World
Health Organization headquarters in Geneva. His
research interests are in tropical diseases research
and control, particularly malaria, training and
utilization of health personnel, research capacity
strengthening, health services research, and organi-
zation of community health services.
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Vaccine-Preventable Diseases

Alison C. Mawle
Centers for Disease Control and Prevention, Atlanta, Georgia, USA

The panel addressed four main areas of
vaccine development and use: diseases of public
health importance for which no vaccine is
available; diseases for which an existing licensed
vaccine is not optimal and alternative vaccines
are under development; diseases for which a
vaccine exists but is not being used optimally; and
diseases requiring vaccines of specialized or
limited use, such as those needed for controlling
outbreaks or for military use. The specific
diseases chosen to illustrate each area were
malaria, influenza, meningitis, and filovirus
infections (Ebola and Marburg), respectively.

Lee Hall, National Institute of Allergy and
Infectious Diseases, addressed the basic chal-
lenges in developing a malaria vaccine. The
historical norm of vaccine development has been
an empirical process; in contrast, modern
vaccines take advantage of basic knowledge of the
organism and of the immune response to it. In
vaccine development, certain elements are
prerequisite: demonstrable protective immunity
and intimate knowledge of the organism’s life
cycle, including the DNA sequence. Vaccine
development has three potential goals: prevent
infection, prevent disease, and prevent transmis-
sion. A successful vaccine may address any or all
these areas; for malaria, a vaccine able to perform
any of these would have a significant impact.
Vaccine development, often thought of as a flow, is
in fact an iterative process; it addresses scientific,
technical, manufacturing, and clinical issues and is
affected by economic, political, and social issues
usually outside the scientific sphere of influence.
Several downstream gaps in vaccine development
include resource limitation, lack of standardization,
and problems in clinical and industrial interest.

Claude Hannoun, Institut Pasteur, ad-
dressed problems in influenza vaccine develop-
ment. Influenza, the quintessential emerging
infectious disease, needs a new vaccine each year
to protect against the predominant strains. The
disease poses additional challenges; one is the
need for vaccine against a potential pandemic
strain, particularly a pandemic strain whose
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epidemiologic characteristics are different from
those of usual strains (e.g., the 1918 strain killed
young adults). Vaccine production problems pose
another challenge. Identifying an appropriate
seed strain can delay initiation of production for 4
to 6 months after the need for a vaccine has been
identified, and growing sufficient quantities of
vaccine is difficult. The issue of an appropriate
vaccine regimen (one dose or two) was also
addressed. The many vaccination issues involved
in a pandemic situation make the adoption of a
credible pandemic plan imperative. The emer-
gence of the H5N1 strain in Hong Kong has
underlined this imperative.

Brad Perkins, Centers for Disease Control
and Prevention, presented the challenge of the
African meningitis belt, where periodic large
epidemics affect approximately 1% of the
population with a 10% death rate. Since the
current vaccine does not confer lasting protection,
prediction of these epidemics can trigger vaccina-
tion campaigns to prevent deaths. A model using an
epidemic threshold of 15 cases per 100,000
demonstrated potential lives saved. Obstacles to
the use of the vaccine include inadequate
surveillance, high cost of the vaccine, inadequate
delivery systems, and inadequate vaccine supply.

Vaccines for agents such as Marburg and
Ebola were discussed by Alan Schmaljohn, U.S.
Army Medical Research Institute of Infectious
Diseases. Limited-use vaccines do not have a
global market but are potentially important
against the threat of biological weapons or
epidemics. These vaccines have unique problems,
such as inadequate efficacy testing (since there is
no disease-endemic area) and high production
costs (since there is no target population).

All the presentations addressed public policy
issues: who will use the vaccine and under what
circumstances, what is the time frame for
vaccine development (short-term versus long-
term), what is the cost of a vaccine (who bears
the brunt of development costs), how are these
costs recouped, and what is the role of
partnerships in determining vaccine need and
use.
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Travelers’ Health

Martin Cetron,* Jay Keystone,f David Shlim,} and Robert Steffen$

*Centers for Disease Control and Prevention, Atlanta, Georgia, USA; {The

Toronto Hospital, Toronto, Ontario, Canada; $The Canadian International

Water and Energy Consultants Clinic Travel Medicine Center, Kathmandu,

Nepal; §University of Zurich and World Health Organization Collaborating
Centre for Travelers’ Health, Zurich, Switzerland

Over the last century and a half, the world’s
population has grown from one billion to almost
six billion, and the time required to circumnavi-
gate the globe has decreased from 365 days to
fewer than 3. Currently, 1.4 million persons
travel internationally by air every day. The speed
and volume of international travel are cited by
the Institute of Medicine as principal factors
contributing to the global emergence of infectious
diseases. This panel assessed the effect of travel
on emerging infections from the perspectives of
both industrialized (Jay Keystone) and develop-
ing countries (David Shlim), discussed the role of
vaccination in preventing travel-related infec-
tions (Robert Steffen), and explored unique
health issues associated with travel into space
(David Shlim and Thomas Marshburn, National
Aeronautics and Space Administration [NASA]).

Travel and the Spread of Emerging
Infectious Diseases

In the past decade, international travel has
grown dramatically to the point where more than
500 million travelers cross international borders
annually by commercial aircraft alone. Mass
migrations of refugees, workers, and displaced
persons have led to a steady growth of urban
centers at the expense of rural areas. These
population movements have been ideal conduits
for the global spread of new and reemerging
infectious diseases. Virtually any place in the
world can be reached within 36 hours, less than
the incubation period for most infectious
diseases. Infectious agents can spread from
person to person directly or to vectors at the
traveler’s destination. Vehicles of human trans-
port, such as aircraft and ships, also transport the
infectious agent and its vector. In addition, mass
migrations have facilitated the rapid and
immediate spread of communicable disease
among refugees and displaced persons.
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If travelers are responsible for the spread of
infectious agents, they are also ideal sentinels for
the arrival of an infectious agent in a new
community. In 1969, the first documented
outbreak of Lassa fever was noted among
American missionaries in Lagos, Nigeria. In
1992, two Peace Corps volunteers contracted
neuroschistosomiasis; a subsequent investiga-
tion confirmed that Lake Malawi was an
important source for the transmission of
Schistosoma haematobium. More recently, chlo-
roquine-resistant Plasmodium vivax was docu-
mented for the first time in North Africa in U.S.
Army troops returning from Somalia.

These and many other examples show that
travel is instrumental in the spread of new and
reemerging infectious diseases. As international
travel grows by more than 10% per year and
major population shifts continue because of
political, economic, and social instability, public
health agencies will have to focus their infectious
disease surveillance programs on travelers,
migrants, and the vehicles of transport.
Recognition that travelers are important sentinels
for emerging infectious diseases has stimulated the
International Society of Travel Medicine and the
Centers for Disease Control and Prevention to carry
out a joint surveillance project, Geosentinel, in 22
travel clinics around the world.

Vaccinating Travelers

Vaccination is only one of several strategies of
prophylaxis in travel medicine. Selection of
immunizations should be based on requirements
and on risk for infection. According to the
International Health Regulations, many countries
require proof of yellow fever vaccination on the
International Certificate of Vaccination. The
revised International Health Regulations, to be
submitted to the World Health Assembly next year,
will likely maintain this requirement. Addition-
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ally, a few countries still require proof of vac-
cination against cholera, diphtheria, and meningo-
coccal disease under specific circumstances.

Recommended immunizations often are more
important for travelers’ health than the required
or routine ones. The most frequent vaccine-
preventable infection in travelers to developing
countries is hepatitis A, with an average
incidence rate of 0.3% per month in susceptible
persons; in high-risk backpackers or foreign-aid
volunteers, this rate is 2.0%. The World Health
Organization and many national expert groups
recommend that all travelers visiting developing
countries be immunized against hepatitis A.
Several other immunizations are recommended
for special risk groups. Hepatitis B is a problem
among expatriates, particularly if they live close
to the native population or engage in high-risk
behavior (e.g., unprotected casual sex or
intravenous drug use); rabies is also a problem,
with approximately 0.2% to 0.4% of long-term
residents bitten by animals each month—
travelers to selected geographic regions with high
endemicity (Southeast Asia) and exposure risk
profiles warrant rabies vaccination; typhoid fever
(often diagnosed among travelers to the Indian
subcontinent, North and West Africa—except
Tunisia—and Peru) poses a higher risk in long-
term residents and in those who consume food
and beverages prepared under substandard
hygienic conditions (estimated incidence 0.03% to
0.003% per month); anecdotally, meningococcal
disease, Japanese encephalitis, and tick-borne
encephalitis have been reported in travelers
(monthly incidence less than one per million
travelers); immunizations against cholera and
tuberculosis are only rarely recommended.

In the not-too-distant future, travelers will be
offered a variety of oral vaccines against
pathogens causing travelers’ diarrhea, including
all enterotoxigenic Escherichia coli as well as
Campylobacter and Shigella. Additionally, im-
munization against Lyme disease and dengue
fever will be available within the next years;
vaccines against malaria and AIDS, the
infections causing most death in travelers, are
much further in the future.

Emerging Diseases in a Developing
Country: Observations from a Travel
Medicine Clinic

The CIWEC Clinic Travel Medicine Center
was the world’s first self-supporting destination
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travel medicine clinic. Started in 1982 to provide
western medical care for expatriates and tourists in
Nepal, the clinic has set a standard for investigating
disease risks for tourists in a developing country.

Nepal (population 22 million, resident
foreign population 3,000) has an annual influx of
approximately 250,000 non-Indian tourists a
year. The Travel Medicine Center is situated in
the capital, Kathmandu, through which 90% of
tourists enter and exit the country; a high
percentage of expatriates and tourists use the
clinic for medical care, creating a favorable
situation for health-risk studies.

Emerging diseases can be divided into three
categories: 1) truly new diseases, such as
diarrhea caused by Cyclospora; 2) newly noted or
increasing diseases, such as meningococcal
meningitis and Japanese encephalitis; and 3)
unexplained illnesses, such as a cluster of cases of
sudden death among young trekkers in teahouses.
The Travel Medicine Center has made it possible
to observe all three categories. Most of the above
conditions would likely have remained unnoticed
and unreported were it not for the presence of a
clinic focused on the health risks of foreigners in
Nepal.

The value of a research-oriented travel
medicine center in Kathmandu extends beyond
the borders of Nepal. Research into diarrheal
disease, hepatitis, typhoid fever, rabies
immunoprophylaxis, and altitude illness has
been relevant to other locations. Specific disease
risks for travelers to Nepal have been carefully
defined. Clinics in other developing countries
should be identified, and similar data gathering
and observations should be encouraged.

Travel Medicine in the 21st Century: NASA
Perspectives

Space travel entails unique circumstances
that influence the health of astronauts, most
notably, the limitations imposed by zero-gravity
environments. The impact of weightlessness on
human physiology is substantial and affects various
body systems: neurologic, psychologic, vestibular,
cardiovascular, musculoskeletal, endocrine, hema-
tologic, and immunologic. Prominent sequelae of
prolonged weightlessness may include profound
motor weakness and 1% to 2% loss of mineralized
bone for each month in orbit; these effects can be
countered by maintaining a vigorous daily
exercise program while in orbit. In addition,
recent studies of the immune system have
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documented a decrease in cell-mediated
immunity among astronauts spending ex-
tended time in space.

Environmental stressors (prolonged expo-
sure to increased temperatures, high-velocity
travel [17,000 miles per hour], and prolonged
confinement to limited physical space) may also
affect the health of space travelers. The space
environment also challenges the growth of
microorganisms. Increased antimicrobial resis-
tance has been noted among E. coli and
Staphylococcus aureus bacteria in space, and
fungal overgrowth can be a problem because of
changes in humidity and pockets of increased
condensation aboard spacecraft and space stations.

The primary strategies used by NASA to
prevent health-related mishaps associated with
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space travel include selecting exceptionally fit,
healthy crew members and imposing preflight
protective quarantine. Access to the astronautsis
restricted to family members beginning 10 days
before departure, and a strict 7-day prelaunch
quarantine is imposed.

Thus far, infectious diseases have rarely been
an important problem at NASA; launch delays
due to infectious diseases have occurred in only
two Apollo flights and one shuttle mission. One
instance of infectious prostatitis in an astronaut on
the MIR space station resulted in the premature
termination of his stay. Recent forays into long-
term habitation in space such as those aboard MIR
(3 to 6 months) will provide new insights into the
feasibility of extended space travel and human
colonization beyond our planet.
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Global Tuberculosis Challenges

Kenneth G. Castro
Centers for Disease Control and Prevention, Atlanta, Georgia, USA

Mario Raviglione, World Health Organiza-
tion (WHO), described the epidemiology of global
tuberculosis (TB) using surveillance data avail-
able to WHO from 212 countries and data from a
recent survey of antituberculosis drug resistance
in 32 countries. Countries were categorized
according to the degree of TB directly observed
treatment strategy (DOTS) implementation.
Performance of national TB programs was
assessed by using treatment outcome indicators.
In 1996, 3.8 million TB cases (887,731 from areas
with DOTS) were reported to WHO. In
developing countries, the bulk of TB cases are
found in all age groups of native-born popula-
tions, while in many industrialized countries a
large proportion of TB cases are in foreign-born
residents. In countries of the former Soviet
Union, TB cases and deaths have doubled in just
a few years. Drug resistance and HIV infection
related to TB are found only in limited foci.
Acquired multidrug-resistant TB (MDRTB) was
present in 27% to 54% of culture-positive TB
cases from the Baltic countries and Russia. The
effect of the HIV epidemic on TB has been major
in Africa, where HIV seroprevalence among TB
cases is 50% to 70% and TB case notifications
have at times tripled. Countries with inadequate
TB control are particularly exposed to the
consequences of both epidemics. In Southeast
Asia, cases are increasing, and MDRTB is
common in Thailand, China, and Vietnam.

One hundred eighty-one countries and
territories (97% of the global population) have
reported on the status of DOTS to WHO. Of these,
96 implemented DOTS (63 countrywide). Ap-
proximately 32% of the global population lives in
areas where DOTS is available. Twenty countries
have adopted DOTS since the 1996 survey, and
an additional 9% of the global population were
benefitting from it. However, most of these new
countries had small populations; DOTS was only
slowly implemented in countries with high TB
prevalence. In areas that used DOTS, treatment
outcome evaluation remains high (94%), and
treatment success rose from 76% in 1994 to 78%
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in 1995. In areas that did not use DOTS, 45% of
reported TB cases were not evaluated, and
treatment success remained low (45%). Among
the 22 countries with the highest TB prevalence,
six showed progress in DOTS implementation,
seven showed little progress, and nine did not
implement DOTS. In summary, TB remains an
important public health problem in many areas of
the world where DOTS has not been imple-
mented. Because treatment outcomes were
better in countries where DOTS has been used,
the strategy needs to be expanded rapidly and
new tools to facilitate its implementation need to
be developed.

Barry Bloom, Howard Hughes Medical
Institute, described advances in TB wvaccine
development. The available bacillus Calmette-
Guerin (BCG) vaccine has a demonstrated
efficacy ranging from no protection to 80%
protection. Most recently, a meta analysis
estimated that the overall efficacy of BCG is 50%.
Because of case reports of disseminated BCG
infection, this vaccine is contraindicated in
immunocompromised persons, and safer and
more efficacious vaccines are clearly needed.
Identifying such new vaccines for use in humans
will take several years. However, recent
advances in this area provide optimism. Recent
research activities have improved our under-
standing of the immunologic response to
Mycobacterium tuberculosis and identified major
protein antigens of M. tuberculosis and recombi-
nant BCG forms that overexpress protective
antigens. Additionally, avirulent auxotrophic
mutants of both BCG and M. tuberculosis have
been used in animal models. The recent
sequencing of the M. tuberculosis genome has
presented additional opportunities to identify
virulence factors that could be deleted and other
target sites that could be genetically engineered.
DNA constituents can also be used to develop
candidate vaccines. In animal studies, subunit
vaccines consisting of pooled mycobacterial culture-
filtrate proteins have been protective. Auxotrophic
mutants may also prove useful in immuno-
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compromised patients, as may recombinant BCG
vaccines that secrete host-specific cytokines.
Clearly, a major national effort is required for TB
vaccine development, recommendations on policies
and priorities, and cooperation between the
government and private sector in these efforts.
Christopher Murray, Harvard School of
Public Health, described a mathematical model
developed to forecast the future impact of
improvements in TB prevention and control.
Specifically, this model projected the number of
TB cases and deaths averted through the year
2050. Different scenarios were simulated to
project the effect of adding TB vaccines to
existing interventions. Six specific scenarios
assessed the effect of vaccines (with efficacy
levels of 20%, 50%, and 80%) to protect from M.
tuberculosis infection, as well as the effect of
vaccines of the same levels of efficacy to protect
latently infected persons from “breakdown” to
active TB. Although a TB infection vaccine with
20% efficacy would prevent more than 30 million
TB cases, the best protection is obtained from a
TB breakdown vaccine with 80% efficacy, which
would prevent almost 130 million TB cases. The
breakdown vaccine could be used in the large
number of persons with latent M. tuberculosis
infection, now estimated at almost one third of
the world’s population. Such anticipated gains
justify the effort to develop better TB vaccines.
Denise Garrett, Centers for Disease Control
and Prevention, presented the findings of recent
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tuberculin skin test studies regarding the risk for
TB among health-care workers in Thailand and
Brazil. In Thailand, 35% of 911 health-care
workers had a positive test at the 15-mm cutoff,
while 69% were positive at the 10-mm cutoff.
BCG scar was associated with positive skin test
reaction at the lower cutoff value, but not at the
15-mm cutoff. Additionally, tuberculin skin test
reactivity correlated with more than 1 year’s
employment as a health-care worker, and with
occasional or frequent patient contact. In Brazil,
48% of 524 health-care workers had a reaction of
10 mm, while 26% had a reaction of 15 mm. Asin
Thailand, BCG scar correlated only with 10-mm
skin test reactivity but not with 15-mm. Workers
with occasional or frequent patient contact were
also more likely to have a positive tuberculin test.
Factors that appear to contribute to the risk for
TB in these workers include delays in the
diagnosis of TB, inadequate isolation practices,
and lack of personal protection during high-risk
procedures. Important measures to reduce the
risk for TB in these settings include increasing
the awareness and training of health-care
workers about the risk for TB, improving the
ability to establish the diagnosis of TB by smear
microscopy, reducing the need for hospitalization
of TB patients, considering the establishment of
chest clinics at separate times or in separate
areas, and improving ventilation by keeping
windows open. Laboratories should contain all
needed safety features.
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Blood Safety
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The blood supply in industrialized countries
is safer than ever. However, blood (a human tis-
sue) is a natural vehicle for transmission of in-
fectious agents. In recent years, numerous
pathogens have emerged in the United States
and worldwide with the potential to affect the
safety of the blood supply.

International Movement of Infectious
Agents

Movement of transfusable blood and blood
components between countries is relatively un-
common. However, infectious agents can cross
international borders through immigration or
travel. For example, malaria is an important prob-
lem in much of the world, with an estimated 300
to 500 million cases per year. On average, 1,000
cases are reported each year in the United States,
most in persons who travel to malaria-endemic
areas. Only a small number of cases (approxi-
mately three per year) are transmitted by expo-
sure to infected blood products. Current measures
(which temporarily defer donors with a history of
origin in a malarious country, clinical malaria, or
travel to malaria-endemic areas) appear to be ef-
fective. Similarly, Chagas disease, a vector-borne
disease caused by the parasite Trypanosoma cruzi,
is endemic in parts of Central and South America
and Mexico, where infected persons can transmit
the disease through transfusion. The immigration
of millions of persons from 7. cruzi-endemic ar-
eas and increased international travel have raised
concerns about the potential for transfusion-trans-
mitted Chagas disease. Five cases of T. cruzi trans-
mission from transfusions have been reported in
North America. Recent seroprevalence studies
showed that approximately 0.1% of blood donors
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likely to have been born in or have traveled to
disease-endemic countries were seropositive for
T. cruzi. Moreover, American Red Cross studies
of recipients of T. cruzi—seropositive blood and
blood products showed no evidence of transmis-
sion. Finally, variant forms of recognized patho-
gens can potentially affect the safety of the blood
supply. Current serologic tests do not consistently
detect HIV-1 group O infections, which are com-
mon in some West and Central African countries
but very rare (two cases) in the United States.
Efforts are under way to modify existing serologic
tests to improve detection of group O strains with-
out compromising sensitivity for the predominant
group M viruses. As an interim measure, the Food
and Drug Administration has recommended that
donors at increased risk for HIV-1 group O on the
basis of residence and risk exposure be deferred
from donating blood or plasma.

Creutzfeldt-Jakob Disease and Blood
Safety

Risk for transmission by transfusion is poorly
characterized for a number of emerging agents.
One of these is Creutzfeldt-Jakob disease (CJD),
a rare, fatal neurodegenerative disease believed
to be caused by an abnormal form of prion pro-
tein. CJD has been transmitted iatrogenically
through human pituitary-derived growth hor-
mones, human dura mater grafts, corneal trans-
plants, and contaminated surface electroencepha-
logram electrodes and neurosurgical instruments.
Incubation was as long as 30 years in some cases.
Concerns regarding bloodborne transmission of
the CJD agent derive primarily from laboratory
studies, including animal models, which suggest
such a potential. However, no proven cases of blood

Vol. 4, No. 3, July-September 1998



Special Issue

transmission are reported in humans, and accu-
mulating epidemiologic information (surveil-
lance, follow-up of recipients of blood from do-
nors who subsequently developed CJD, and
case-control data) indicates that the risk (if
any) for transmission of CJD by blood prod-
ucts is extremely small. At present, CJD is
considered a remote, theoretical risk.

In March 1996, health officials in the United
Kingdom announced that the agent responsible
for the decade-old bovine spongiform encephal-
opathy epizootic might have spread to humans.
As of March 1998, 24 persons have been reported
with this apparently new variant form of CJD
(nvCdJD). The possibility of nvCJD transmission
through the blood supply has been debated. Cur-
rently, this risk is theoretical. However, because
the infectious agent of nvCdJD is new in humans,
it may present risks that differ from those of clas-
sic CJD. In addition, important differences have
been noted in the two diseases. For example, hu-
man spleen and tonsil tissues contain abnormal
prion protein in nvCJD but not in classic CJD. In
view of this uncertainty, U.K. health officials have
undertaken a conservative approach, including
1) withdrawal of blood products donated by per-
sons subsequently confirmed or strongly sus-
pected to have nvCJD; 2) discontinuation of the
use of British plasma in plasma-derived prod-
ucts; and 3) consideration of leukodepletion of
all blood donations, in view of experimental
studies suggesting that B lymphocytes may play
a role in the development of scrapie.

Tick-Borne Agents and Transfusion Risk
In the United States, the most commonly re-
ported transfusion-associated tickborne infection
is babesiosis. At least 21 reported cases of babe-
siosis, mostly caused by Babesia microti but also
by the more recently recognized WA1-type Babe-
sia parasite, have been transmitted by transfu-
sion of blood from asymptomatic infected blood
donors. With the expansion of deer populations
(natural host of B. microti) in the northeastern
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United States, the incidence of transfusion-trans-
mitted babesiosis may increase. The tick vector
and animal reservoir of the Babesia more recently
found in the northwestern and western United
States remain to be defined. The parasite survives
blood-banking conditions and is transmissible by
transfusion of red blood cells and platelet concen-
trates. Although babesiosis classically causes a
febrile illness with hemolytic anemia, infection
can also cause chronic asymptomatic or mildly
symptomatic parasitemia. Recent studies suggest
that untreated persons have evidence of B. microti
DNA for longer periods, despite mild or absent
symptoms, and may transmit infection for months
or possibly longer. The potential for transmission
of other tick-borne agents is unclear. Like babe-
siosis, Lyme disease or ehrlichiosis (caused by an
obligate intracellular gram-negative rickettsia)
may be asymptomatic or mildly symptomatic; spi-
rochetemia or rickettsemia can precede prodro-
mal symptoms by 24 to 72 hours, making trans-
mission by transfusion a possibility. One case of
transfusion-transmitted Rocky Mountain spotted
fever has been reported.

Summary

Since blood is a biologic product, it is unlikely
that the risk for transfusion-transmitted infection
will ever be reduced to zero. The approach to
emerging infections associated with transfusion
of blood and blood products includes assessing the
transmissibility of the agent by this route; devel-
oping effective prevention strategies, including
screening tests and donor deferral policies; im-
proving viral and bacterial inactivation proce-
dures; and surveillance for known, as well as
emerging and poorly characterized, transfusion-
transmitted agents. Vigilance is needed to help
ensure proper balance between safety and the
availability of blood. Finally, vigilance needs to
extend to the developing world, where the ba-
sic elements to reduce transfusion-transmitted
infections and systems of disease surveillance
are often not available.
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Confronting Emerging Infections:
Lessons from the
Smallpox Eradication Campaign

William H. Foege
Emory University, Atlanta, Georgia, USA

Ralph Waldo Emerson in 1860 said, “We
learn geology the day after the earthquake.”
Traditionally, the world learns prevention the
day after the epidemic. Today, we have the
responsibility of preparing for the prevention and
control not only of known but also unknown
conditions. Eradication is a focused field exercise
in which approaches have been tested and from
which public health lessons can be learned.

Lessons from Eradication

Calculated Risks
