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PREFACE

n 1994, CDC launched the first phase of a

nationwide effort to revitalize national capac-

ity to protect the public from infectious diseases.
The effort focused on four goals: improving dis-
ease surveillance and outbreak response; support-
ing research to understand and combat emerging
infectious threats; preventing infectious diseases by
implementing disease control programs and com-
municating public health information; and rebuild-
ing the infectious disease-control component of the
public health infrastructure.

As a nation, we have made progress in all four
areas. The first line of defense for public health—
our network of state and local health depart-
ments—has been strengthened, and as a nation we
have become better prepared to address new
diseases as they arise. We have developed new tools
for detecting and controlling infectious diseases.
New programmatic efforts have incorporated the
latest theories and techniques to help people change
behaviors that favor the spread of infectious dis-
eases. These achievements were made possible by
the hard work and dedication of colleagues in lo-
cal, state, and federal government; in universities;
in private industry; and in many nongovernmental
organizations and professional societies. CDC has

also begun to address emerging disease issues at
the global level, working in partnership with for-
eign governments, the World Health Organization,
and other organizations and agencies.

At the same time, however, we have witnessed
the appearance of new and unforeseen disease
threats, such as a virulent strain of avian influenza
that attacks humans, a human variant of “mad cow
disease,”” and new drug-resistant forms of Staphy-
lococcus aureus. The emergence of these threats
reminds us that we must not become complacent.
We must never underestimate the power, destruc-
tiveness, and endless adaptability of infectious mi-
crobes.

As we face the new millennium, we must renew
our commitment to the prevention and control of
infectious diseases, recognizing that the battle
between humans and microbes will continue long
past our lifetimes and those of our children.

This document, Preventing Emerging Infectious
Diseases: A Strategy for the 21st Century, describes
CDC'’s plan to combat infectious diseases over the
next 5 years. We look forward to working with
our many partners throughout the nation and the
world as we implement this plan.

Jeffrey P. Koplan, M.D., M.P.H.
Director
Centers for Disease Control and Prevention



EXECUTIVE SUMMARY

Pathogenic microbes can be resilient, dangerous foes. Although it is impossible to predict their
individual emergence in time and place, we can be confident that new microbial diseases will

emerge.

— Institute of Medicine, Emerging Infections: Microbial Threats to Health, 1992

Infectious diseases are a continuing menace to all
people, regardless of age, gender, lifestyle, ethnic
background, and socioeconomic status. They cause
suffering and death, and impose an enormous fi-
nancial burden on society. Although some diseases
have been conquered by modern advances, such
as antibiotics and vaccines, new ones are constantly
emerging (such as AIDS, Lyme disease, and hanta-
virus pulmonary syndrome), while others reemerge
in drug-resistant forms (such as malaria, tubercu-
losis, and bacterial pneumonias).

Because we do not know what new diseases will
arise, we must always be prepared for the unex-
pected. For example, in 1997, an avian strain of
influenza that had never before attacked humans
began to kill previously healthy people in Hong
Kong. This crisis raised the specter of an influenza
pandemic similar to the one that killed 20 million
people in 1918. Also in 1997, strains of Staphylo-
coccus aureus with diminished susceptibility to
vancomycin were reported in Japan and the United
States. If we are unable to replace drugs like van-
comycin as they lose their effectiveness—and to
limit the emergence and spread of resistance—some
diseases may become untreatable, as they were in
the preantibiotic era. In addition, the recent dis-
covery that a strain of the virus that causes HIV/
AIDS has been circulating at least since 1959* il-
lustrates the furtive way in which emerging infec-
tious agents can insinuate themselves into human
populations and remain undetected for years be-
fore emerging explosively as public health prob-
lems. Each of these examples reminds us that we
are barely one step ahead of the microbes and un-
derscores our need for a strong and vigilant public
health system.

CDC’S PLAN: PREVENTING EMERGING
INFECTIOUS DISEASES

This plan has been prepared under the leadership
of CDC’s National Center for Infectious Diseases
(NCID) with significant input from other major
CDC programs and centers involved in addressing
emerging infectious disease issues. These include
the National Center for HIV, STD, and TB Preven-
tion (NCHSTP) and the National Immunization
Program (NIP). Other parts of CDC that support
infectious disease prevention and control include
CDC's Office of Global Health (OGH), Epidemi-
ology Program Office (EPO), Public Health Prac-
tice Program Office (PHPPO), and the National
Institute for Occupational Safety and Health
(NIOSH). In addition, CDC has worked with many
experts and institutions throughout the United
States and abroad to develop this plan.

The fulfillment of CDC’s vision will require the
sustained and coordinated efforts of many individu-
als and organizations. As CDC carries out this plan,
it will coordinate with state and local health
departments (e.g., on surveillance of infectious
diseases), academic centers and other federal agen-
cies (e.g., on research agendas), health care pro-
viders and health care networks (e.g., on develop-
ment and dissemination of guidelines), international
organizations (e.g., on outbreak responses over-
seas), and other partners.

vii
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GOALS AND OBJECTIVES FOR
PREVENTING EMERGING INFECTIOUS
DISEASES

Because Preventing Emerging Infectious Diseases
is a sequel to CDC’s 1994 plan, its objectives and
activities are organized under the same four goals
described in the first plan, although in a different
order. The goals are Surveillance and Response,
Applied Research, Infrastructure and Training, and
Prevention and Control.

Public health surveillance is the ongoing, system-
atic collection, analysis, interpretation, and dissemi-
nation of health data, including information on
clinical diagnoses, laboratory-based diagnoses, spe-
cific syndromes, health-related behaviors, and other
indicators related to health outcomes. Epidemiolo-
gists use these data to detect outbreaks; character-
ize disease transmission patterns by time, place, and
person; evaluate prevention and control programs;
and project future health care needs. For Goal I:
Surveillance and Response, the objectives call for
strengthening infectious disease surveillance and
response in the United States and internationally,
as well as improving methods for gathering and
evaluating surveillance data. They also emphasize
that surveillance data are critical not only for de-
tecting outbreaks, but also for improving public
health practice and medical treatment.

Research is essential for understanding emerg-
ing infectious diseases and how to prevent and con-
trol them. For Goal II: Applied Research, the ob-
jectives include improving tools for identifying and
understanding emerging infectious diseases; deter-
mining risk factors for infectious diseases, as well
as infectious risk factors for chronic diseases; and
conducting research to develop and evaluate pre-
vention and control strategies.

The public health infrastructure is the underly-
ing foundation that supports the planning, deliv-
ery, and evaluation of public health activities and
practices. For Goal IlI: Infrastructure and Train-
ing, the objectives and activities focus on enhanc-
ing epidemiologic and laboratory capacity in the
United States and internationally. In the United

States, this requires improving CDC'’s ability to
communicate electronically with its partners and
strengthening CDC'’s capacity to serve as a refer-
ence center for diagnosis of infectious diseases and
drug-resistance testing. The objectives and activi-
ties also address the need to enhance the nation’s
capacity to respond to outbreaks, including those
caused by bioterrorism, and to provide training op-
portunities to ensure that today’s workers and fu-
ture generations are able to respond to emerging
threats.

All of CDC'’s efforts are ultimately directed at
the implementation of Goal IV: Prevention and
Control. CDC will work with many partners (in-
cluding other government agencies, professional
societies, private industry, nongovernmental orga-
nizations, and managed care organizations) to
implement, support, and evaluate disease preven-
tion in the United States and internationally. As
part of this effort, CDC will conduct demonstra-
tion programs and will develop, evaluate, and pro-
mote strategies that help health care providers and
other individuals change behaviors that facilitate
disease transmission.

Target Areas

Preventing Emerging Infectious Diseases targets
certain categories of emerging infectious disease
problems and particular groups of people who are
at special risk. Collectively, these cause great suf-
fering and represent a tremendous burden on soci-
ety. Addressing infectious disease issues in these
target areas will be a high priority during the imple-
mentation of this plan.

Antimicrobial Resistance. The emergence of drug
resistance in bacteria, parasites, viruses, and fungi
is swiftly reversing advances of the previous 50
years. As we approach the 21st century, many im-
portant drug choices for the treatment of common
infections are becoming increasingly limited and
expensive and, in some cases, nonexistent.

Foodborne and Waterborne Diseases. Changes in
food processing and distribution are resulting in
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more multistate outbreaks of foodborne infections.
In addition, a new group of waterborne pathogens
has emerged that is unaffected by routine disinfec-
tion methods.

Vectorborne and Zoonotic Diseases. Many emerg-
ing or reemerging diseases are acquired from ani-
mals or are transmitted by arthropods. Environ-
mental changes can affect the incidence of these
diseases by altering the habitats of disease vectors.

Diseases Transmitted Through Blood Transfusions
or Blood Products. Improvements in donor screen-
ing, serologic testing, and transfusion practices have
made the U.S. supply one of the safest in the world,
despite its size and complexity. However, because
blood is a human tissue, it is a natural vehicle for
transmission of infectious agents. Therefore, con-
tinued vigilance is needed to ensure the safety of
the U.S. blood supply.

Chronic Diseases Caused by Infectious Agents.
Several chronic diseases once attributed to lifestyle
or environmental factors (such as some forms of
cancer, heart disease, and ulcers) might be caused
by or intensified by infectious agents. This new
knowledge raises the possibility that certain chronic
diseases may someday be treated with antimicro-
bial drugs or prevented by vaccines.

Vaccine Development and Use. Childhood diseases
such as diphtheria, tetanus, polio, measles, mumps,
rubella, and Haemophilus influenzae type b men-
ingitis have been virtually eliminated in the United
States through universal vaccination. However,
additional vaccines are needed to prevent diseases
that represent a great societal burden in the United
States or internationally, such as HIV/AIDS, den-
gue fever, hepatitis C, and malaria.

Diseases of People with Impaired Host Defenses.
People whose normal host defenses against infec-
tion have been impaired by illness or medical treat-
ment or as a result of age are more likely to be-
come ill with a variety of infectious diseases.
Infections that occur with increased frequency or
severity in such people are often called opportunis-
tic infections (Ols). Health care providers and sci-

entists must be ready to identify and investigate
each new Ol as it appears, and to learn how to
diagnose, treat, control, and prevent it.

Diseases of Pregnant Women and Newborns.
Asymptomatic infections in a pregnant woman can
increase an infant’s risk of prematurity, low
birthweight, long-term disability, or death. In ad-
dition, infections may be silently transmitted from
mother to child during pregnancy, delivery, or
breast feeding. Effective and accessible prenatal care
is essential to the prevention of infection in preg-
nant women and newborn babies.

Diseases of Travelers, Immigrants, and Refugees.
People who cross international boundaries—such
as tourists, workers, immigrants, and refugees—
may be at increased risk of contracting infectious
diseases and may also disseminate diseases to new
places. International air travel has increased sub-
stantially in recent years, and more travelers are
visiting remote locations where they may be ex-
posed to infectious agents that are uncommon in
their native countries.

ANTICIPATED OUTCOMES

Achievement of the objectives described in this plan
will improve our ability to understand, detect, con-
trol, and prevent infectious diseases. The outcome
will be a stronger, more flexible U.S. public health
infrastructure well-prepared to respond to well-
known disease problems and to address the unex-
pected, whether it is an influenza pandemic, a dis-
ease caused by an unknown organism, or a
bioterrorist attack.

Implementation of this plan will produce the fol-
lowing results:

* A nationwide network for surveillance and re-
sponse will ensure the prompt identification of
emerging infectious diseases. State and local
health departments will have the equipment and
trained personnel needed to serve as the front
line public health response to infectious disease
threats.
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Intensive population-based surveillance and re-
search programs in at least 10 areas of the United
States will generate data to identify new threats
to public health and help guide responses to
emerging infectious diseases.

Health departments will rapidly detect and in-
vestigate outbreaks of foodborne illnesses using
sophisticated epidemiologic and laboratory tech-
niques. Early detection will facilitate rapid imple-
mentation of control measures and the preven-
tion of illness and death.

Countries in all regions of the world will par-
ticipate in a global system for surveillance and
response that includes surveillance for infectious
agents that are resistant to antimicrobial drugs.
This effort will be undertaken in partnership with
the World Health Organization and other orga-
nizations and agencies around the world.

Enhancement of the public health infrastructure
will help prepare the United States to respond
to bioterrorist incidents.

Improved diagnostic testing methods will be
developed for new, reemerging, and drug-resis-
tant pathogens.

A better understanding of risk factors for the
development of infection and disease will pro-
vide new opportunities for disease prevention.

A better understanding of relationships between
infectious agents and some chronic diseases will

lead to new strategies for preventing and treat-
ing chronic diseases.

New strategies will be designed to reduce insect
vector populations and control animal popula-
tions that serve as reservoirs for human diseases.

Diagnostic and reference reagents will be avail-
able for use by public health laboratories. CDC
will have enhanced capacity to serve as the na-
tional reference center for diagnosis of infectious
diseases and for drug-resistance testing.

The next generation of epidemiologists and
laboratorians will be trained and prepared to re-
spond to emerging infectious disease threats.

Implementation of prevention guidelines will
result in decreased death and disability due to
nosocomial infections, opportunistic infections,
antimicrobial resistance, and infections in new-
borns.

Cooperative efforts among managed care organ-
izations, health care facilities, state and local
health departments, and CDC will improve treat-
ment and prevention of infectious diseases.

Deaths from vaccine-preventable diseases will be
significantly reduced in the United States and
abroad.

Community-based demonstration programs will
help identify cost-effective approaches to ad-
dressing emerging infectious disease problems.



INTRODUCTION

nfectious diseases are a continuing menace to
all people, regardless of age, gender, lifestyle,
ethnic background, and socioeconomic status
(see Box 1). They cause suffering and death and
impose an enormous financial burden on society
(see Box 2). Although some diseases have been con-
quered by modern advances, such as antibiotics and
vaccines, new ones are constantly emerging (such
as HIV/AIDS, Legionnaires’ disease, Lyme disease,
and hantavirus pulmonary syndrome), while oth-
ers reemerge in drug-resistant forms (such as ma-
laria, tuberculosis, and bacterial pneumonias).
Because we do not know what new diseases will
arise, we must always be prepared for the unex-
pected. For example, in 1997, an avian strain of
influenza that had never before attacked humans
began to kill previously healthy people in Hong
Kong. This crisis raised the specter of an influenza

pandemic similar to the one that killed 20 million
people in 1918. Also in 1997, strains of Staphylo-
coccus aureus with diminished susceptibility to van-
comycin were reported in Japan and the United
States. If we are unable to replace drugs like van-
comycin as they lose their effectiveness—and to
limit the emergence and spread of resistance—some
diseases may become untreatable, as they were in
the preantibiotic era. In addition, the recent dis-
covery that a strain of the virus that causes HIV/AIDS
has been circulating at least since 1959 illustrates
the furtive way in which emerging infectious agents
can insinuate themselves into human populations
and remain undetected for years before emerging
explosively as public health problems. Each of these
examples reminds us that we are barely one step
ahead of the microbes and underscores our need
for a strong and vigilant public health system.

Box 1 Trends in Deaths Caused by Infectious Diseases in the United States, 1900-1994

Infectious disease mortality in the 900
United States decreased markedly
during most of the 20th century.
However, between 1980 and 1992,
the death rate from infectious
diseases increased 58% (including
only those people for whom the
primary cause of death was an
infectious disease).? The sharp
increase in infectious disease deaths
in 1918 and 1919 was caused by the
influenza pandemic, which killed
more than 20 million people world-
wide and over 500,000 people in

the United States.® This episode
illustrates the volatility of infectious
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This document, Preventing Emerging Infectious
Diseases: A Strategy for the 21st Century, describes
a strategy for moving toward the fulfillment of
CDC'’s vision of a world in which we join in a com-
mon effort to combat today’s emerging infectious
diseases and prevent those of tomorrow. It repre-
sents the second phase of the effort launched in

Box 2

the cost per case for several infectious diseases:

* The lifetime, discounted, direct* medical cost of
treating a person infected with HIV is estimated to be
$96,000.%¢ The lifetime, discounted direct medical
costs of treating a child infected with HIV since birth
were estimated by one study to be about $161,0007;
a second study calculated a higher, but undiscounted,
figure of $408,000.2 None of these estimates
includes the financial impact of multidrug therapy with
protease inhibitors, which costs more than $10,000
per person per year and is now widely used.®

= When a patient on a medical ward acquires an
infection, treatment costs an average of $2,100 in
additional hospital charges (1992 dollars). Blood-
stream infections (bacteremia) cause the patient to
stay in the hospital an average of 7 additional days
and result in an average of $3,517 in additional
hospital charges per infected patient.1°

* Recent outbreaks of cryptosporidiosis in several cities
in the United States have cost an average of $330 per

ing, and psychological consequences.

Economic Costs for Patient Care from Infectious Diseases, United States

The direct and indirect costs of infectious diseases continue to be tremendous. The following are some examples of

*Direct medical costs include physician and clinic staff charges, medications, devices and appliances, and diagnostic tests. Direct
nonmedical costs include transportation to health care facility and care provided by families. Indirect costs include lost wages and
time spent being ill or caring for ill persons, whereas intangible costs include apprehension, grief, pain, changes in social function-

1994 with the publication of CDC’s Addressing
Emerging Infectious Disease Threats: A Prevention
Strategy for the United States.* This strategy was
developed in collaboration with experts and pro-
fessional organizations and societies throughout the
United States and abroad.

case-patient in direct medical costs and lost productiv-
ity. The most severe cases, which require hospitaliza-
tion, cost more than 10 times the average.'!

* Most cases of Lyme disease that are diagnosed in the
early stages of the illness incur about $74 in direct
medical treatment costs. However, if diagnosis and
treatment do not occur in a timely manner, complica-
tions can result that cost from $2,228 to $6,724 per
patient in direct medical costs in the first year alone.'?

« In the United States, human papillomaviruses (HPV)
are associated with 82% of the 15,000 cases and
4,600 deaths due to cervical cancer each year. They
are also associated with more than one million
precancerous lesions of varying severity.**> The
direct medical cost of treating a patient with cervical
cancer is $9,200 to $13,360, while surgery to remove
a precancerous lesion costs from $1,100 to $4,360.%6
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BACKGROUND

The “End” of Infectious Diseases

In the years following World War I, it was widely
believed that humans were winning the centuries-
long war against infectious microbes. Life-threat-
ening bacterial diseases such as tuberculosis and
typhoid fever could be treated by antibiotics.
Dreaded diseases of childhood such as polio,
whooping cough, and diphtheria could be con-
guered through vaccination. Coupled with earlier
improvements in urban sanitation and water qual-
ity, vaccines and antibiotics dramatically lowered
the incidence of infectious diseases. Thus, it became
possible to imagine a world in which infectious
pathogens would no longer prey upon humanity.

However, this optimism was premature. As early
as the 1950s, penicillin began to lose its power to
cure infections caused by Staphylococcus aureus,
a common bacterium that can cause serious illness.
In 1957 and 1968, new strains of influenza emerged
in China and spread rapidly around the globe, and
in the 1970s there was a resurgence of sexually
transmitted diseases. Also during the 1970s, sev-
eral new diseases were identified in the United States
and elsewhere, including Legionnaires’ disease,
Lyme disease, toxic shock syndrome, and Ebola
hemorrhagic fever. During the 1980s, as state and
local support for infectious disease surveillance de-
clined,'” our attitude of complacency towards in-
fectious disease threats was further shaken by the
appearance of acquired immunodeficiency syn-
drome (AIDS) and the reemergence of tuberculosis
(including multidrug-resistant strains), which
spread quickly through U.S. cities.

A New Consensus:
The Institute of Medicine Report

By the early 1990s, health experts no longer
believed that the threat of infectious diseases was
receding in the United States or elsewhere. Grow-
ing concern about the threat of emerging infectious
diseases was cogently expressed in a 1992 report

issued by the Institute of Medicine (IOM) of the
National Academy of Sciences. The report, Emerg-
ing Infections: Microbial Threats to Health in the
United States, emphasized the intimate links be-
tween U.S. health and international health.!®
It described the major factors that contribute to
disease emergence, including societal changes and
the ability of microbes to evolve and adapt (see
Box 3). It concluded that emerging infectious dis-
eases are a major threat to U.S. health, and it chal-
lenged the U.S. government to take action.

Box 3  What Are Emerging Infectious
Diseases and Why Are They

Emerging?

As defined in the 1992 Institute of Medicine report,
emerging infectious diseases include diseases
whose incidence in humans has increased within the
past two decades or threatens to increase in the near
future.’® Modern demographic and environmental
conditions that favor the spread of infectious
diseases include

e Global travel.

< Globalization of the food supply and centralized
processing of food.

e Population growth and increased urbanization and
crowding.

e Population movements due to civil wars, famines,
and other man-made or natural disasters.

< lIrrigation, deforestation, and reforestation projects
that alter the habitats of disease-carrying insects
and animals.

e Human behaviors, such as intravenous drug use
and risky sexual behavior.

« Increased use of antimicrobial agents and
pesticides, hastening the development of
resistance.

< Increased human contact with tropical rain forests
and other wilderness habitats that are reservoirs
for insects and animals that harbor unknown
infectious agents.
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CDC’s Response

In 1994, CDC answered the challenge from the In-
stitute of Medicine by launching a national effort
to revitalize the U.S. capacity to protect the public
from infectious diseases. This effort was described
in Addressing Emerging Infectious Disease Threats:
A Prevention Strategy for the United States.* As
funds became available, CDC implemented the
strategy incrementally, with the help of many part-
ners.

By fiscal year 1997, funds were available to
implement about one-third of the recommended
programs and activities, with a focus on improv-
ing surveillance, conducting applied research,

rebuilding the public health infrastructure, and en-
hancing prevention of emerging infectious diseases.
These activities were accomplished in partnership
with federal, state, and local agencies; universities;
private industry; foreign governments; the World
Health Organization (WHO); and many nongov-
ernmental organizations. Examples of the impact
of public health actions that address emerging in-
fectious disease threats are listed in Boxes 4 and 5.
The implementation of the 10 highest priority items
from Addressing Emerging Infectious Disease
Threats is described in the Appendix (see page 53).

Box 4

* Reduction in the number of nosocomial (health care-
associated) outbreaks of multidrug-resistant tuberculo-
sis from 9 between 1990 and 1993 to none in 1996
and 1997, due to the implementation of tuberculosis
control measures in hospitals.®

* Reduction in HIV/AIDS mortality by 23% from 1995 to
1996, associated with declines in the incidence of HIV/
AlIDS-related opportunistic infections.?°

« Reduction in cases of group B streptococcal disease
(GBS) by over 40% between 1993 and 1995 in
communities that implemented CDC’s GBS guide-
lines.?? The reduction in GBS cases was maintained
through 1997.% (See also Box 20.)

« Reduction in cases of bacterial meningitis among
children under 5 years old by 87% between 1986 and
1995 due to vaccination against Haemophilus
influenzae type b, the leading cause of bacterial
meningitis in children.?

Examples of the Impact of Prevention Activities To Reduce Morbidity and
Mortality due to Emerging Infectious Diseases

In recent years, prevention efforts in the United States by CDC and other groups have led to

« Reduction in the incidence of hepatitis B infection by
more than 60% from 1985 to 1996, due in part to
changes in high risk behaviors and increased immuniza-
tion.?®

« Reduction in the incidence of invasive listeriosis by
44% between 1989 and 1993, associated with
increased food industry efforts, aggressive food
monitoring policies, and the dissemination of dietary
guidelines to consumers at special risk (for example,
pregnant women, the elderly, and immunocompro-
mised people).?® The reduction in listeriosis cases was
maintained between 1993 and 1996.

« Reduction in the incidence of hepatitis C infection by
more than 80% from 1989 to 1996, due in part to
changes in high risk behaviors and improved screening
of the blood supply.?”
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Box 5

Disasters Averted: Disease Control in Action

When public health efforts are successful, fewer cases of disease occur, and small outbreaks are stopped before they
can become large ones. Because it can be difficult to measure the absence of a problem, the success of disease
control programs can be difficult to assess. Here are examples of some potentially devastating outbreaks that were

controlled by rapid public health action.

Hepatitis C virus transmitted through a
contaminated medical product

In 1994, CDC assisted in the investigation of an
outbreak of hepatitis C virus that was transmitted
through contaminated immunoglobulin intravenously
administered to people with immunodeficiency disor-
ders. In collaboration with the Food and Drug Adminis-
tration (FDA), CDC traced the infection to multiple lots
of immunoglobulin that were marketed by a single
manufacturer.?® The manufacturer rapidly issued a
voluntary worldwide recall of its intravenous immuno-
globulin preparations. The U.S. Public Health Service
subsequently issued recommendations for screening and
counseling patients who had received the contaminated
product. To prevent future outbreaks, FDA now requires
specific procedures to inactivate viruses in such products.

Escherichia coli O157:H7 transmitted by

hamburger meat

In 1997, the Colorado Department of Public Health and
Environment detected a small cluster of cases of E. coli
0157:H7 infection using DNA fingerprinting techniques?®
(see Boxes 26 and 27). Each of the ill people had eaten
the same brand of frozen hamburger patty. Twenty-five
million pounds of ground beef were recalled, and a
potential nationwide outbreak was averted.

Salmonella Agona transmitted by an internationally
distributed snack food

Between October 1994 and January 1995, Israeli health
officials noted an increased incidence of salmonellosis
caused by Salmonella Agona. In February 1995, British
officials reported a small outbreak of S. Agona infection
associated with eating a snack food manufactured in
Israel. Epidemiologic studies showed that the outbreaks
in Israel and the United Kingdom were related.*® Working
with state health departments, CDC identified 10 people
in the United States who had also become ill after eating
the suspect snack food, and FDA was able to culture S.
Agona from unopened packages. A food hazard warning
was issued, and the product was recalled in several
countries, resulting in the prevention of thousands of
potential cases of salmonellosis.

Ebola hemorrhagic fever virus transmitted by contact
with body fluids

An outbreak of Ebola hemorrhagic fever killed 240 people
in and around the city of Kikwit in the Democratic Republic
of Congo (then Zaire) between January and August 1995
(see Box 44). Epidemiologic investigation indicated that
much of the ongoing transmission was occurring in
hospitals. The number of new cases dropped sharply after
CDC and its partners helped disinfect the hospitals and
supplied the staff members with protective clothing and
disposable syringes.®! In addition, aggressive case-finding
and prompt dissemination of health information to the local
population lessened disease spread outside of hospitals.

Hepatitis A virus transmitted by frozen

strawberries

An outbreak of hepatitis A among children in several U.S.
states in March and April 1997 was traced to the consump-
tion of frozen strawberries distributed through a USDA-
sponsored school lunch program. Working together, FDA,
CDC, USDA, and the health departments of the affected
states determined that the strawberries had been pro-
cessed and packed by a company in California, which
voluntarily recalled the implicated product lots.®> CDC
subsequently notified state health departments about the
possible benefits of administering immunoglobulin to
children who may have eaten contaminated strawberries.
Due to prompt attention by state and local health depart-
ments, CDC, and other federal agencies, the extent of the
outbreak was limited.

Tuberculosis in New York City

More than 3,800 cases of tuberculosis (TB) were reported
in New York City in 1992, the peak year of the recent
epidemic. Beginning that year, the New York City Depart-
ment of Health began a program of Directly Observed
Therapy (DOT) to ensure that all TB patients complete their
prescribed courses of antibiotic treatment. Since then,
cases have fallen steadily each year. In 1997, only 1,730
cases were reported. Moreover, between 1992 and 1997,
cases of multidrug-resistant tuberculosis decreased from
441 to 53. The New York City DOT program is considered
a model program by the World Health Organization.
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THE SECOND PHASE OF CDC’S STRATEGY

The effort to rebuild U.S. capacity to combat infec-
tious diseases is well under way. However, the ful-
fillment of CDC'’s vision of a safer world in the next
millennium requires a long-term commitment and
sustained effort. This document, Preventing Emerg-
ing Infectious Diseases: A Strategy for the 21st Cen-

Box 6

Emerging Threats

« A new variant of a fatal neurologic iliness, Creutzfeldt-
Jakob disease, in the United Kingdom, possibly
transmitted by ingestion of beef from animals afflicted
with “mad cow disease.”

* A new and virulent strain of influenza in Hong Kong.

e Staphylococcus aureus with reduced susceptibility to
vancomycin in the United States and Japan.

* A new strain of multidrug-resistant tuberculosis, now
endemic in New York City and New York State.

Scientific Findings

« Evidence that many infectious microbes cause or
contribute to the development of some chronic
diseases.

« Discovery of many human genes that influence
susceptibility to infection, severity of infection, and
responsiveness to vaccination or treatment.*

« Further discoveries about what appears to be a new
type of transmissable agent, the prion, which appears
to be responsible for certain neurologic diseases,
including Creutzfeld-Jakob disease.®*

Tools and Technologies

* Electronic communications linking public health
institutions in most areas of the world.

Why Does CDC’s Emerging Infections Plan Need To Be Updated?

Several new developments have contributed to CDC’s decision to amend and update its emerging infectious diseases
plan, in addition to progress in implementing the highest priorities in the 1994 plan. These include

tury, describes the second phase of CDC'’s strategy,
taking into account the new discoveries and chal-
lenges of the past 4 years and building on the expe-
rience, success, and knowledge gained from imple-
menting the 1994 plan (see Box 6).

« Innovations in biotechnology that make it easier to
identify and track microbes.

Changes in Health Care Delivery

* Increased participation in managed care plans in the
United States, creating new opportunities and chal-
lenges for disease prevention, surveillance, control, and
research.

= Shortened hospital stays for some conditions, making it
necessary to develop ways to monitor patient out-
comes that appear after the patient has left the
hospital.

e Growth of home health care,* requiring new public
health partnerships and new methods for assessing
the impact of treatments and measuring the occur-
rence of health care-related infections in home health
care settings.

Public and Policy Issues

* Books, films, and media reports about the dangers of
emerging infectious diseases, resulting in increased
public awareness.

* Government reports and commitments, such as the
1995 National Science and Technology Council report
(see Box 7),%¢ the 1996 Presidential Decision Directive
on Emerging Infectious Diseases,*” and the 1997
National Food Safety Initiative.3®
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CDC'’s Role

CDC—the nation’s prevention agency—is dedi-
cated to the prevention and control of disease and
the promotion of health. The agency grew out of
efforts to control malaria in the United States, and
today retains a critical role in addressing infectious
disease threats. CDC is known for

= Working with state health departments and oth-
ers to conduct surveillance to identify disease
problems.

» Responding rapidly to outbreaks of disease.
= Providing knowledge and tools for prevention.

e Combining its strengths in epidemiology and
laboratory sciences to solve problems that can-
not be solved by either discipline alone.

= Providing global assistance to prevent disease.

CDC Components Involved with
Infectious Diseases

This plan has been prepared under the leadership
of CDC’s National Center for Infectious Diseases
(NCID) with significant input from other major
CDC programs and centers involved in addressing
emerging infectious disease issues. These include
the National Center for HIV, STD, and TB Preven-
tion (NCHSTP) and the National Immunization
Program (NIP). NCHSTP is responsible for devel-
oping, assessing, and disseminating programs to
prevent and control HIV/AIDS, tuberculosis, and
sexually transmitted diseases within the United
States and its territories. NCHSTP also plays a lead-
ership role in many international control efforts,
often working in collaboration with WHO, the U.S.
Agency for International Development, and other
global partners. The National Immunization Pro-
gram (NIP) provides leadership for immunization
activities at the federal, state, and local levels, and
collaborates with WHO, the United Nations
Children’s Fund (UNICEF), and other organizations
in the worldwide eradication of polio and other
international immunization programs. Other parts

of CDC that support infectious disease prevention
and control include CDC's Office of Global Health
(OGH), Epidemiology Program Office (EPO), Pub-
lic Health Practice Program Office (PHPPO), and
National Institute for Occupational Safety and
Health (NIOSH).

Partnerships

The fulfillment of CDC'’s vision of a safer world
requires the sustained, coordinated, and comple-
mentary efforts of many individuals and organiza-
tions. For example, many U.S. agencies play
important roles in combating emerging infectious
diseases, often in cooperation with each other (see
Box 7). Other important players include private
citizens, health care providers, companies, and
laboratories. Examples of special contributions by
pharmaceutical companies include the donation by
Merck & Co. of ivermectin for worldwide treat-

A U.S. Government Task Force on
Emerging Infectious Diseases

Box 7

In 1996 the Committee on International Science,
Engineering, and Technology (CISET) of the National
Science and Technology Council formed an Emerging
Infectious Disease Task Force charged with imple-
menting the recommendations of the 1995 CISET
policy report ¢ and the provisions of the 1996
Presidential Decision Directive on Emerging Dis-
eases.®” The members of the Task Force, which is
chaired by CDC and the White House Office of
Science and Technology Policy, also includes the

National Institutes of Health

Food and Drug Administration

U.S. Agency for International Development

U.S. Department of Defense

U.S. Department of Agriculture

National Oceanic and Atmospheric Administration,
Department of Commerce

National Aeronautics and Space Agency

U.S. Department of State
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ment of onchocerciasis (river blindness) and by
SmithKline Beecham of albendazole for worldwide
elimination of lymphatic filariasis (a major global
cause of disability from lymphedema and elephan-
tiasis). A nonprofit organization, Rotary Interna-
tional, has made major contributions to polio eradi-
cation efforts. As CDC carries out this plan, it will
coordinate with state and local health departments
(for example, on surveillance of infectious diseases),
academic centers and other federal agencies (for
example, on research agendas), health care provid-
ers and health care networks (for example, on de-
velopment and dissemination of guidelines), inter-
national organizations (for example, on outbreak
responses overseas), and many other partners.

Goals for Preventing Emerging Infectious
Diseases

Preventing Emerging Infectious Diseases: A Strat-
egy for the 21st Century describes steps that we
can take over the next 5 years to help create a world
in which people are better protected from infec-
tious diseases. Because this document is an update
of the 1994 plan, its activities are organized under
the same four goals described in the first plan:
Surveillance and Response, Applied Research,
Infrastructure and Training, and Prevention and
Control.

The four goals are interdependent. Surveillance
systems monitor emerging infectious pathogens and
outbreaks of disease. A response is mounted when
surveillance data or other information indicates a
change in the incidence or distribution of an infec-
tious disease, or when a new or variant strain of a
pathogen has become a health threat. Through
applied research, scientists answer questions about
the etiology, transmission, diagnosis, prevention,
and control of emerging infectious diseases. Re-
search, surveillance, and response all depend on
the public health infrastructure that supports,
trains, and equips public health workers, and links
them in national and global networks. Training the
next generation of public health scientists is a cru-
cial component of the public health infrastructure.
All of CDC'’s efforts are ultimately directed at imple-

menting the fourth goal, prevention and control,
which receives increased emphasis in this plan. In
many instances, CDC acts as a catalyst, develop-
ing and evaluating prevention and control strate-
gies that can be implemented by others.

An outline of the goals and objectives in Pre-
venting Emerging Infectious Diseases appears on
page 14.

Target Areas

To accomplish these goals and objectives, Prevent-
ing Emerging Infectious Diseases targets certain
categories of emerging infectious disease problems
and particular groups of people who are at special
risk. Addressing infectious disease problems in these
target areas will be a high priority as we imple-
ment this plan.

Emerging Disease Issues

« Antimicrobial Resistance

e Foodborne and Waterborne Diseases

< \Vectorborne and Zoonotic Diseases

» Diseases Transmitted Through Blood
Transfusions or Blood Products

e Chronic Diseases Caused by Infectious Agents

= Vaccine Development and Use

Populations of Special Concern

» People with Impaired Host Defenses
« Pregnant Women and Newborns
e Travelers, Immigrants, and Refugees

Antimicrobial Resistance. Antimicrobial drugs have
saved the lives of millions of people. However, the
emergence of drug resistance in bacteria, parasites,
viruses, and fungi is swiftly reversing miracles of
the previous 50 years. As we approach the 21st
century, many important drug choices for the treat-
ment of common infections are becoming increas-
ingly limited and expensive and, in some cases,
nonexistent.*® A 1995 U.S. government report es-
timated that the emergence of antimicrobial resis-
tance among six common bacteria in hospitals adds
approximately $661 million per year in hospital
charges.*® (This estimate is an underestimate
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because it does not include indirect costs, such as
costs of lost days of work.)

Foodborne and Waterborne Diseases. Each year,
millions of people get sick from foodborne diseases
in the United States and thousands die.** Changes
in how food is processed and distributed have re-
sulted in more multistate outbreaks in the United
States (see Box 8). CDC is a major participant in
the National Food Safety Initiative, which was cre-
ated in 1997 to address food safety problems in
the United States.

Waterborne microbes are also an important
threat to the water supplies of many U.S. cities.*?
A new group of pathogens has emerged that is un-
affected by routine disinfection. Of the waterborne
outbreaks reported to CDC during 1993 and 1994,
more than half of those for which a specific patho-

gen could be identified were caused by a chlorine-
resistant microbe.*

Vectorborne and Zoonotic Diseases. Many diseases
emerging or reemerging today are acquired from
animals (see Box 9) or are transmitted by
arthropods. Animal-borne pathogens are important
not only because of the illnesses they cause, but
also because new human diseases can arise from
animal reservoirs. For example, pandemic strains
of influenza can emerge from avian and swine res-
ervoirs,* and many experts believe that HIV
evolved from a virus carried by a nonhuman pri-
mate. Changes in the environment—including cli-
mate changes and ecological changes due to engi-
neering projects like dam-building—can also have
profound effects on rates of vectorborne and
zoonotic diseases.

1996 Escherichia coli O157:H7 3

1996 Norwalk virus 5
1997 Salmonella Infantis 2
1997 C. cayetanensis 18
1997 Hepatitis A 4

Box 8 Examples of Multistate Foodborne Outbreaks in the United States, 1994-1997
Number
Year Organism of States Food Source
1994 Shigella flexneri 2 Green onions, probably contaminated in Mexico.
1994 Listeria monocytogenes 3 Milk, contaminated after pasteurization and shipped interstate.
1995 Salmonella Enteriditis 41 Ice cream premix hauled in trucks that had previously carried raw
eggs.
1996 Cyclospora cayetanensis 20 Raspberries from Guatemala, mode of contamination unclear.

Cases were also reported in the District of Columbia and two
Canadian provinces.

Unpasteurized apple juice, probably contaminated during harvest.
Oysters, contaminated before harvest.
Alfalfa sprouts, probably contaminated during sprouting.

Raspberries imported from Guatemala, mesclun lettuce, and
products containing basil. Cases were also reported in the District of
Columbia and two Canadian provinces.

Strawberries from Mexico distributed through the USDA
Commodity Program for use in school lunches (see Box 5).
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Box 9 Emergence of Bat-associated Rabies

in Humans in the United States
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The number of cases of rabies diagnosed in humans in
the United States has increased significantly since
1990. Most of the increase is associated with rabies
strains found in bats, even though bats account for less
than 10% of the approximately 7,000-9,500 cases of
animal rabies reported in the United States each year.
Partly because most people who die from bat-
associated rabies have no history of a bat bite or a bite
from another animal, the disease is frequently misdiag-
nosed. Often, the correct diagnosis is not made until
after death, when an autopsy is performed. Although
nearly 40 different species of bats are found north of
Mexico, most human fatalities are due to variant rabies
viruses associated with a single bat species.*

Diseases Transmitted Through Blood Transfusions
or Blood Products. Improvements in donor screen-
ing, serologic testing, and transfusion practices have
made the U.S. supply one of the safest in the world,
despite its size and complexity. However, because
blood is a human tissue, it is a natural vehicle for
transmission of infectious agents (see Box 10). Dur-

Box 10 Bacterial Contamination of Blood and

Blood Products

Since 1985, there have been 21 reported episodes of
transfusion of red blood cell units contaminated with
the bacterial pathogen Yersinia enterocolitica, leading
to 12 deaths.*® Studies indicate that the rate of
contamination of blood products by other bacterial
pathogens also may be significant.*” In 1997, CDC
entered into a cooperative agreement with national
blood collection and distribution agencies to deter-
mine the frequency of transfusion reactions associ-
ated with bacterial contamination of blood products.

Currently, the nation’s blood supply is not routinely
screened for bacterial contamination. The new study
will be a critical step in addressing this issue and will
increase clinicians’ awareness of bacterial contamina-
tion as a cause of transfusion reactions.

ing the 1980s, HIV was transmitted through clot-
ting factor and blood transfusions, and during the
1990s, hepatitis C virus was transmitted via intra-
venous immunoglobulin (see Box 5). Although re-
search on artificial blood substitutes is under way,
it is unlikely that they will be available in the near
future. Therefore, continued vigilance is required
to ensure the safety of the U.S. blood supply.

Chronic Diseases Caused by Infectious Agents.
Several chronic diseases once attributed to lifestyle
or environmental factors (such as some forms of
cancer, diabetes, heart disease, and ulcers) are ac-
tually caused by or intensified by an infectious agent
(see Box 11). For example, the majority of peptic
ulcers—Ilong thought to be due to stress and diet—
are now known to be caused by the bacterium
Helicobacter pylori, and recent data indicate that
Chlamydia pneumoniae infection may contribute
to coronary artery disease (see Box 29). Findings
like these raise the possibility that some chronic
conditions, including cancer and heart disease, may
someday be treated with antimicrobial drugs or
prevented by vaccines. Over the next 5 years, CDC
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will play a major role in assessing new research find-
ings, encouraging and conducting further research
where needed, and disseminating information to
physicians and other health care providers.

Vaccine Development and Use. Childhood diseases
such as diphtheria, tetanus, polio, measles, mumps,
rubella, and Haemophilus influenzae type b men-
ingitis have been virtually eliminated in the United
States through universal vaccination.*® Moreover,
smallpox has been eradicated worldwide, and po-
lio may be globally eradicated by the year 2000.
However, although several new vaccines are cur-
rently undergoing clinical evaluation (for example,
against Lyme disease, rotavirus gastroenteritis, and
invasive pneumococcal disease), no effective vac-
cines exist for many other new or reemerging dis-
eases (for example, HIV/
AIDS, dengue, hepatitis
C, and malaria). CDC
and its partners are work-
ing to develop new vac-

Box 11

Infectious Agents That Cause or Contribute to
Neoplastic Diseases in Humans

Diseases of People with Impaired Host Defenses.
People whose normal host defenses against infec-
tion have been impaired by illness or medical treat-
ment or as a result of age are more likely to be-
come ill with a variety of infectious diseases. Infec-
tions that occur with increased frequency or sever-
ity in such people are often called opportunistic
infections (Ols) (see Box 12). Over the past two
decades, the most significant emergence of Ols
worldwide has been in persons infected with HIV.
Other populations at risk include recipients of bone
marrow and solid organ transplants; patients
receiving chemotherapy, chronic corticosteroid
therapy, or other immunosuppressive drugs; pa-
tients suffering from burns and traumatic injuries;
diabetics; patients on renal dialysis; patients with
indwelling medical devices; newborn infants; and

cines and to evaluate
their immunogenicity, ef-
ficacy, and safety. In the
United States, increasing
vaccination rates in

Epstein-Barr virus

Nasopharyngeal carcinoma (undifferentiated)
Burkitt’s lymphoma

Posttransplant lymphoproliferative disease
B-cell lymphoma

adults (for example,
those at risk for compli-

Helicobacter pylori

Gastric carcinoma
Mucosa-associated lymphoid tissue lymphoma

cations of influenza or

pneumococcal pneumo- Hepatitis B virus

Hepatocellular carcinoma

nia)—as well as in chil-

dren—is a high priority Hepatitis C virus

Hepatocellular carcinoma

for CDC. In addition,

.. ) Human herpesvirus-8
CDC participates in

Kaposi’s sarcoma

implementation of pro-

Human immunodeficiency virus

Lymphoma

grams to prevent and

control vaccine-prevent- Human papillomavirus

Cervical carcinoma

able diseases internation-
ally (see Box 34).

Human T-cell leukemia virus

Adult T-cell leukemia

Liver flukes

Cholangiocarcinoma

Schistosoma haematobium
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the United States and Puerto Rico.

Box 12 Incidence of Opportunistic Infections (Ols) in HIV-Positive Adults with Depressed
CD4 Lymphocyte Counts
25
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As this graph shows, the incidence of Ols is high when an HIV-infected adult becomes severely immunosup-
pressed (that is, has a CD4 lymphocyte count that is less than 200 cells/uL). Pneumocystis carinii and dissemi-
nated Mycobacterium avium complex infections are the most commonly diagnosed Ols in this population. Data
are from CDC’s Adult and Adolescent Spectrum of Disease Project, which consists of medical record reviews of
HIV-infected persons 13 years of age and older who receive care at more than 100 medical facilities in 11 cities in

Source: CDC Adult and Adolescent Spectrum of Disease Project, 1992-1996.

the elderly. Health care providers and scientists
must be ready to identify and investigate each new
Ol as it appears and to learn how to diagnose, treat,
control, and prevent it.

Diseases of Pregnant Women and Newborns. When
a pregnant woman acquires an infection, the health
of both the woman and her fetus may be endan-
gered. Asymptomatic infections in a pregnant
woman can increase an infant’s risk of prematu-
rity, low birthweight, long-term disability, or death.

Some infections may be silently transmitted from
mother to child during pregnancy, delivery, or
breast feeding, causing illness or death. Adverse
outcomes from many of these infections can be pre-
vented by prenatal care. Unfortunately, access to,
and utilization of, prenatal care is low in some com-
munities. Because of limited access to care and other
factors, some racial and ethnic minorities experi-
ence high rates of maternal infections and related
complications (see Box 13).
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Box 13 Infectious Diseases and the Black-
White Mortality Gap

African Americans have higher rates of some
infectious diseases than other American ethnic
groups. Reasons for these higher rates are only
partially understood, but include differences in
access to care and lower average socioeconomic
status. During the early 1990s, African Americans
had an infectious disease death rate of 46 per
100,000, 36% higher than the rate for the popula-
tion as a whole.*® In the 1980s, African American
infants had the highest early and late neonatal
death rate due to infectious diseases of any group
(33.8 and 41.7 per 100,000 live births, respectively)
and a postneonatal infection death rate (96.4 per
100,000 live births), second only to American
Indians and Alaska Natives.

CDC is committed to ensuring improved public
health services for underserved communities,
including ethnic and racial minorities who experi-
ence a disproportionate burden of illness and death
from infectious diseases. CDC is also committed to
ensuring the elimination of racial and ethnic
disparities in health outcomes to the greatest
extent possible.

Diseases of Travelers, Immigrants, and Refugees.
People who cross international boundaries—such
as tourists, business people and other workers, im-
migrants, and refugees—may be at increased risk
of contracting infectious diseases, and may also
disseminate diseases to new places. International
air travel has increased substantially in recent years,
and more Americans than ever before are visiting
remote and tropical locations. Tourists or workers
may be exposed to infectious agents against which
they have no immunity because the agents are un-
common in their native countries. Immigrants may
come from nations where diseases like tuberculo-
sis are endemic, and refugees may come from situ-
ations where crowding and malnutrition create
ideal conditions for the spread of diseases such as
cholera, malaria, measles, and varicella.
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SUMMARY OF THE GOALS AND OBJECTIVES

The implementation of the objectives and activities described in this plan will help us realize CDC's vision
of a world in which all available tools are used to combat today’s diseases and prevent those of tomorrow.
Many of the activities build on existing efforts or are in the planning stages. Others represent new efforts.

All require partnerships and a sustained commitment by federal, state, and local health agencies.

Goal I: Surveillance and Response

Detect, investigate, and monitor emerging pathogens,
the diseases they cause, and the factors influencing
their emergence, and respond to problems as they are
identified.

Objectives:
A. Strengthen infectious dis