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Preface

At the beginning of the twentieth century, the crude death rate in the United States
stood at 17.2 per 1000 population, infant mortality was around 120 per 1000, and life
expectancy was less than 50 years.! Respiratory infections and diarrheal diseases
were responsible for the majority of deaths. To many health experts, simply compar-
ing health-oriented public activities and expenditures in healthy and unhealthy com-
munities pointed to the solution. In 1895, Hermann M. Biggs, director of the
Department of Pathology and Bacteriology in the New York City Health Depart-
ment, made such a comparison. His conclusion that, “with certain limitations, . . .
the inhabitants of any city have it largely within their power to determine what de-
gree of healthfulness their city shall have . ..” constituted an early expression of
what would become Biggs’s oft-repeated motto: “Public Health is Purchasable”.* In
1913, the newly christened U.S. Public Health Service (PHS) had a budget of
$200,000.% At the century’s end, the budget for the Department of Health and Human
Services stood at $375.5 billion.® In 2000, the mortality rate had fallen to 8.7 per
1000; infant mortality stood at 6.9 per 1000; life expectancy nationwide had risen to
77 years; and infectious diseases had given way to cardiovascular disease and cancer
as the great cullers of human life.>” Although public health interventions could not
account for all of the progress, a good deal of health had been purchased.

And so it was natural, at the end of the century, to reflect on the progress and
prospects for continuing to improve the nation’s health. Accordingly, in 1999, the
Morbidity and Mortality Weekly Report (MMWR), the nation’s health bulletin, pub-
lished a series of reports highlighting 10 public health advances that had contributed
to the dramatic improvements in America’s health over the previous century.®!* With
the encouragement and support of Jeff Koplan, then Director of CDC, the MMWR ed-
itor invited senior academicians, scientists, and other health leaders to nominate the
public health advances that had the greatest impact on death, illness, and disability in
the United States in the previous 100 years. Based on these nominations, the MMWR
commissioned 10 brief reports, written by epidemiologists at the Centers for Disease
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Control and Prevention (CDC) and other public health institutions that described,
primarily in quantitative terms, the improvements in health resulting from public
health interventions. The reports’ favorable reception encouraged expansion of the
project into a book-length exploration of the history and practice of public health in
the twentieth century.

The book comprises 10 parts, each focusing on a particular area of public health.
Every section opens with a review by senior scientists of the discoveries, medical ad-
vances, and programs that framed the public health response to the problem, and the
subsequent impact on morbidity and mortality. An accompanying chapter, written by
an academic historian or social scientist, focuses on a key moment or specific theme
in the history of the section’s topic. The historical chapters highlight the contributions
of individuals and of local or regional programs. Often, they address the social, pro-
fessional, and cultural conflicts involved at nearly every stage of a public health
intervention—those shaping their creation as well as those arising during implemen-
tation of an intervention. The book ends with an assessment of some of the public
health challenges for the twenty-first century. The unique architecture of the volume
presents viewpoints on both the scientific and sociocultural contexts at work in many
settings, permitting a nuanced understanding of how public health contributed to the
country’s progress in the twentieth century.

The book’s deliberate focus is on major advances in public health; it is not in-
tended to be comprehensive. Some worthy topics, such as gains in environmental
protection or the global response to the AIDS pandemic, are not featured. No chap-
ters focus specifically on controversies such as the Tuskegee syphilis study or the
swine flu vaccination program. But neither does the book ignore or deny failures
and controversies. It argues, in fact, that tremendous progress resulted despite set-
backs, scandals, and the emergence of new diseases and other unforeseen health
threats.

Again and again, these chapters make clear that America’s nascent public health
system had to contend at nearly every turn with long-standing obstacles, such as the
tendency of a free society to resist constraints on personal freedom and privacy, even
in the name of the “greater good”; economic interests that resisted or sought to ma-
nipulate public health interventions to their benefit; inequitable distribution of eco-
nomic and social capital and disparate access to health care; and the constant
political tensions between national and local leaders over efficiency, authority, and
autonomy.

Controversies and failures become lessons learned—reminders of the risks of
unchecked hubris and hidden cultural biases. These examples are correctly raised in
program planning and human subject review panels as red flags of caution. Public
health’s successes, in contrast, become the fabric of everyday life. It is good, as
Charles-Edward Amory Winslow pronounced in a 1923 lecture series at Yale Uni-
versity, to keep the successes fresh in mind. After citing salient statistics from 1900
to 1920, he mused: “If we had but the gift of second sight to transmute abstract fig-
ures into flesh and blood, so that as we walk along the street we could say ‘That man
would be dead of typhoid fever,” “That woman would have succumbed to tuberculo-
sis,” “That rosy infant would be in its coffin,—then only should we have a faint con-
ception of the meaning of the silent victories of public health.”
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A number of important historical factors pervade the book’s chapters, and although
no chapter fully addresses the history of any one of these, readers will see them at
work and trace their development through the volume. Five factors merit brief high-
light here: (1) changes in the social demographics of the U.S. population; (2) dra-
matic shifts in longevity and the burden of disease; (3) the impact of social reform
movements (with the ebb and flow of eras in which reform thrived, giving way to
years when the spirit of the times hardened against change); (4) the accelerating ef-
ficacy of biomedical technology; and (5) the century-long growth of an infrastruc-
ture comprising private and public organizations, led by specialists trained in schools
of public health and administered through an empowered system of coordinated local,
state, and federal public health agencies.

In the twentieth century, the size, distribution, wealth, and ethnic makeup of the
American population changed dramatically. From 1900 to 2000, the U.S. population
tripled, growing from 76 million to more than 281 million, and the migration from the
country to the cities early in the century, followed by the subsequent migration to sub-
urban communities, produced an increasingly metropolitan populace.?! The level of
education—a positive health predictor—rose throughout the century; by 1998, 83% of
Americans had graduated from high school, compared with only 13% in 1910. Ameri-
cans also grew in affluence: except for the years of the Great Depression, average in-
comes rose throughout the century, another important determinant of good health.?
The proportion of income spent on life’s necessities such as food and clothing also de-
clined, leaving more resources for discretionary spending and other expenses. One of
these expenses was health care: little more than an incidental expense in 1900, by 1997
health costs accounted for an average of 17% of personal income. The proportion of
Americans living in poverty, first measured in 1959, also declined. However, at cen-
tury’s end more than one in 10 (12%) Americans remained in poverty.?

Immigration contributed to this shifting demographic picture, especially at the be-
ginning and end of the century. From 1900 to 1920, a 40-year surge in immigration
crested, with more than 14.5 million new arrivals crowding into America’s cities.
Federal restrictions through much of the mid-century kept immigration rates com-
paratively low. After the Immigration Act of 1965 lifted most restrictions, immigra-
tion rates began climbing once again, rising dramatically in the late 1980s and early
1990s, with many of the most recent immigrants arriving from Asia and Latin Amer-
ica. By 2000, census figures counted one quarter of the U.S. population as “non-
white.” The waves of immigration fueled social movements to accommodate the new
arrivals. Public health institutions likewise evolved.?!

Large social movements and major political and military events spurred the de-
velopment of public health in America. Public health programs by their nature are
deeply enmeshed in the contemporary social and political milieu; hence, the empha-
sis on social services for the poor during the Progressive Era (1890-1920) provided
arich ferment for efforts to improve the health of children and mothers through pro-
grams for better sanitation, hygiene, and maternal education and care. Progressive
Era pioneers such as Alice Hamilton studied the health risks of workers, ushering in
the field of occupational medicine. Muckraking journalists exposed unsafe and unsan-
itary industrial practices that threatened both workers and consumers, and pushed law-
makers to pass legislation to improve food safety. In response to the Great Depression
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of the 1930s, the federal government increased its support of public health at the
local level and provided support for medical services for children crippled by polio.
During the Great Society movement of the 1960s, public health advocates urged
public health agencies to redouble their efforts to reduce health disparities among the
poor and to expand into new areas, from environmental health to motor vehicle
safety and smoking prevention.

In a different fashion, the nation’s preparation for war revealed the country’s poor
health conditions and spurred the development of new public health programs. In the
twentieth century, the Public Health Service often acted as a health-based extension
of the American military, especially in times of war. Domestically, medical exami-
nations of men drafted to enter the armed services during two world wars revealed
the need for public health programs to combat nutritional deficiencies and venereal
diseases. Conversely, medical and health agencies were quick to adopt insights and
technologies developed in wartime, from industrial hygiene and toxicology to vene-
real disease prevention.

As the social demographics of the American population transformed, so too did
its basic health statistics: in 2000, Americans lived longer and experienced a very
different disease burden than did their counterparts a century earlier. Life expectancy
at birth rose from 47.3 to 77.3 years, reflecting the dramatic improvements in infant
survival resulting from infectious disease control and improved nutrition; average
family size decreased through reproductive planning; and mortality from injuries
and cardiovascular diseases fell.”3

One consequence of these improvements, noted as early as the 1940s, was an aging
population: the average age of a person in the United States increased from 23 years in
1900 to 35 years in 2000.2' Much of this improvement was due to the success in pre-
vention and treatment of acute and infectious diseases, leading to the so-called epi-
demiologic transition—a fundamental shift in the prevalent burden of disease from
acute and infectious conditions to chronic and complex conditions and syndromes.
Consequently, public health’s mission adapted, largely by expansion, to embrace be-
havioral factors such as smoking and diet and technological factors such as automo-
bile safety.

Although this book focuses on public health activities more than on advances in
science and medicine, the application of new scientific knowledge and technology
shaped public health and contributed to its success. The germ theory of disease, con-
ceived by Robert Koch and Louis Pasteur in the late nineteenth century, led to the dis-
covery of an infectious cause of many diseases and formed the basis of the movement
for milk pasteurization, water treatment, and food inspection—and later, to the dis-
covery of new vaccines and antibiotics. The vitamins and minerals absent in dietary
deficiency diseases were identified and used to fortify commonly used food items.
New understanding of the ovulatory cycle, first described in the early twentieth cen-
tury, led to technologies that public health programs used to promote family planning.

While medical improvements often yielded new opportunities for public health,
they also often added new responsibilities: for example, new pharmaceutical and sur-
gical interventions to treat cardiovascular disease were incorporated into public
health strategies. The development of highly effective therapies to slow the almost
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invariable progression of HIV infection to AIDS and death expanded public health
activities from their previous single focus on prevention to include referral for med-
ical evaluation and treatment with expensive and long-term regimens. Ironically, the
adoption of new technologies in health care also led to new health risks. Blood bank-
ing and the increased use of injections improved the care of many health conditions
while also contributing to infectious disease problems such hepatitis B and hepatitis
C. The hospital environment promoted the growth of microorganisms resistant to
multiple antibiotics.

Over the twentieth century, a complex public health infrastructure—comprising
academic centers, privately funded organizations, and government agencies—evolved
to conduct research, train professionals, and implement policies. In 1916, the first
U.S. school of public health was established at The Johns Hopkins University; within
six years, Columbia, Harvard, and Yale had followed suit. By 2005, a total of 36 uni-
versities had accredited schools of public health.?*2¢ Reflecting the expanding role
of public health, these schools’ curricula grew from an initial emphasis on hygiene
and sanitation to a multidisciplinary scope that embraces such diverse fields as bio-
statistics, health services administration, and environmental science.2*26

At the beginning of the century, the work of public health was supported prima-
rily by nongovernmental organizations. In 1910-1920, the Rockefeller Foundation
supported hookworm eradication projects, one of the earliest campaigns for a spe-
cific disease,?” which led to the foundation’s subsequent support of county health de-
partments. Other early efforts to promote community health included support by the
National Consumers League of maternal and infant health in the 1920s, sponsorship
by the American Red Cross of nutrition programs in the 1930s, and support by the
March of Dimes of research in the 1940s and 1950s that led to a successful polio
vaccine. Since early in the century, labor organizations worked for safer work-
places.!! More recently, community-based organizations promoted social activism to
counter new health threats such as AIDS and to make established behaviors such as
drunk driving no longer socially or legally tolerated. These organizations have also
taken on the broader role of providing prevention services to the community, partic-
ularly to populations such as injecting drug users and immigrant communities that
lack access to government services because of cultural, logistic, or political con-
straints.

Although the contributions of nongovernment organizations and academic
centers were vital to public health’s success, government—particularly the federal
government—incrementally assumed greater responsibility for public health. The U.S.
Constitution vests states with most of the power to protect public health. In 1900, 40 of
the 45 states had health departments, concentrating for the most part on sanitation and
the microbial sciences. As the system evolved, states took on other public health activ-
ities such as laboratory services, personal health services (e.g., sexually transmitted
disease treatment), and health resource activities (e.g., health statistics, regulation of
health-care services).?® In 1911, the successful control of typhoid by sanitation mea-
sures implemented by health authorities in rural Yakima County Washngton resulted in
civic leaders establishing a full-time county health department. This action served as a
model for other counties. 2’ By 1950, 86% of the U.S. population was served by a local
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health department.”® In 1945, the American Public Health Association enumerated
minimum functions of local health departments.*® In 1988, the Institute of Medicine
defined these functions as assessment, policy development, and assurance.?!

A century ago, the federal government’s involvement in public health was largely
limited to the quarantine duties carried out by Public Health and Marine Hospital
Service, renamed the Public Health Service (PHS) in 1912. With the passage of the
16th Amendment to the Constitution in 1913, and the subsequent creation of a fed-
eral income tax, federal resources became available to address health problems. In
1917, PHS awarded the first federal funds to support state and local public health
programs,?® and the Social Security Act of 1935 expanded this support.?? In 1939,
PHS, together with health, education, and welfare agencies, joined the Federal Secu-
rity Agency, forerunner of the Department of Health and Human Services. In 1930,
Congress established the National Institutes of Health (formerly the Hygiene Labo-
ratories of the Public Health Service) and the Food and Drug Administration. The
Centers for Disease Control and Prevention (CDC) was established in 1946. To pro-
vide minimum health-care coverage for low-income and elderly Americans, Con-
gress enacted legislation to begin Medicare and Medicaid in 1965. In 1970, the
Occupational Safety and Health Administration and the Environmental Protection
Agency joined the federal public health establishment.'”

Although public health agencies and services increased throughout the century,
these resources represented a small proportion of overall health-care costs. In 1993,
federal, state, and local health agencies spent an estimated $14.4 billion on core pub-
lic health functions, representing only 1-2% of the $903 billion in total health-care
expenditures.’> Hermann Biggs would no doubt be shocked at the dollar amounts,
but in terms of its share of total health expenditures, the cost of prevention still pur-
chases a great deal of health.

Fairly early in this book’s long gestation came the attacks on the World Trade
Center and the Pentagon. In the months that followed, the threats of bioterrorism
and the dictates of homeland security appeared to be transforming again the na-
tion’s public health agenda and shoring up the federal level as the seat of central-
ized authority. History may well mark September 11, 2001, as the defining
moment in public health for the twenty-first century. If so, it little diminishes the
record of struggle and accomplishment that is this book’s subject. In fact, the
power of the public health infrastructure to affect health outcomes—the power that
makes public health an essential partner in providing security against bioterrorism
(and in eliminating the global health disparities that exacerbate global tensions)—
is a power developed through ongoing efforts on the part of public health profes-
sionals and their organizations to meet the health challenges of the twentieth
century.
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Control of Infectious Diseases:
A Twentieth-Century Public
Health Achievement

ALEXANDRA M. LEVITT
D. PETER DROTMAN
STEPHEN OSTROFF

The marked decline in infectious-disease-associated mortality that took place in the
United States during the first half of the twentieth century (Fig. 1.1) contributed to
the sharp drop in infant and child mortality!? and the more than 30-year average in-
crease in life expectancy? over the past 100 years. In 1900, the three leading causes
of death were pneumonia, tuberculosis (TB), and diarrhea and enteritis, which (to-
gether with diphtheria) were responsible for one third of all deaths (Fig. 1.2). Of
these deaths, 40% occurred among children aged less than 5 years.! Cancer ac-
counted for only 3.7% of deaths because few people lived long enough for the dis-
ease to develop. By the end of the twentieth century, cancers and heart disease
accounted for almost three-fourths of all deaths.”

Despite this overall progress, one of the most devastating disease outbreaks in hu-
man history occurred during the twentieth century. The 1918 influenza pandemic
killed 20 million people, including 500,000 Americans, in less than a year—more
deaths during a comparable time period than have resulted from any war or famine.*
The last decades of the century were marked by the recognition and pandemic spread
of the human immunodeficiency virus (HIV), resulting in an estimated 22 million
deaths worldwide by the year 2000. These episodes illustrate the volatility of infectious-
disease—associated death rates and the unpredictability of disease emergence. This
chapter reviews major twentieth-century achievements in the control of infectious
diseases in the United States and ends with a discussion of challenges for the twenty-
first century.
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Figure 1.1. Crude death rate (per 100,000 population per year) for infectious diseases—
United States, 1900-1996. (Adapted from Armstrong GL, Conn LA, Pinner RW. Trends in in-
fectious disease mortality in the United States during the 20th century. JAMA 1999:281:61-66.
Data on chlorine in water from: American Water Works Association. Water chlorination princi-
ples and practices. AW WA manual no. M20. Denver, CO: American Water Works Association,
1973.)

Landmarks in the Control of Infectious Diseases

Public health activities to control infectious diseases in the 1900s were stimulated by
the nineteenth-century discovery that microorganisms are the cause of many dis-
eases (e.g., typhoid fever, cholera, tuberculosis, malaria, tetanus, plague, and lep-
rosy). Landmarks in disease control during the twentieth century included
substantial improvements in sanitation and hygiene, the implementation of universal
childhood-vaccination programs, and the introduction of antibiotics. Scientific and
technological advances (Box 1.1) played a major role in each of these landmarks and
provided the underpinning for today’s disease surveillance and control systems. Sci-
entific findings also have contributed to a new understanding of the evolving rela-
tionships between human beings and microbes.

Sanitation and Hygiene

The nineteenth-century population shift from rural to urban areas that accompanied
industrialization, along with successive waves of immigration, led to overcrowding
and inadequate housing. Municipal water supplies and rudimentary waste-disposal
systems were quickly overwhelmed and set the stage for the emergence and spread
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Figure 1.2. The 10 leading causes of death as a percentage of all deaths in the United States,

1900 and 1997.

of infectious illnesses (including repeated outbreaks of cholera, TB, typhoid fever,
influenza, yellow fever, and foodborne illnesses).

By 1900, however, the incidence of many of these infectious diseases had begun
to decline as a result of public health improvements, which continued into the
twentieth century. Sanitation departments were established for garbage removal,
and outhouses were gradually replaced by indoor plumbing, sewer systems, and pub-
lic systems for solid-waste disposal and treatment. The incidence of cholera, which



Box 1.1. Nobel Prizes for Work in Infectious Diseases and Immunology.

Infectious diseases and immunology have been an intense focus of medical research
throughout the twentieth century, as indicated by this list of Nobel Prize Winners in
Physiology and Medicine:*

1901
1902
1905
1907
1908
1913
1919
1927
1928
1939
1945
1948
1951

1952
1954

1958
1960
1966
1969

1972

1976

1980

1984

Emil A. von Behring

Sir Ronald Ross

Robert Koch

Charles Louis Alphonse
Laveran

Paul Ehrlich

Elie Metchnikoff
Charles Richet

Jules Bordet

Julius Wagner-Jauregg

Charles Nicolle
Gerhard Domagk
Alexander Fleming
Ernst Boris Chain
Howard Walter Florey
Paul Hermann Muller

Max Theiler
Selman Abraham Waksman
John Franklin Enders

Frederick Chapman Robbins

Thomas Huckle Weller
Joshua Lederberg

Frank Macfarlane Burnet
Peter Brian Medawar
Francis Peyton Rous
Max Delbriick

Alfred D. Hershey
Salvador E. Luria

Gerald M. Edelman
Rodney R. Porter
Baruch S. Blumberg
Daniel Carelton Gajdusek

Baruj Benacerraf
Jean Dausset

George D. Snell
Cesar Milstein
Georges J.F. Koehler
Niels K. Jerne

Serum therapy used in the treatment of
diphtheria

Malaria

Tuberculosis

Protozoa as agents of disease

Immunity

Anaphylaxis

Immunity

Malaria inoculation in the treatment of
dementia paralytica

Typhus

Antibacterial effects of prontosil

Penicillin

Use of DDT against disease-carrying
arthropods

Yellow fever

Streptomycin and its use against tuberculosis

Growth of polio viruses in tissue culture
Genetic recombination in bacteria

Acquired immunological tolerance
Tumor viruses

Replication and genetic structure of viruses

Chemical structure of antibodies

Viral hepatitis and cancer of the liver
Person-to-person transmissability of kuru,

a progressive neurodegenerative disease
Genetically-determined cell surface structures
that regulate immunologic reactions

(the major histocompatibility complex)

Monoclonal antibodies
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1987  Susumu Tonegawa Generation of antibody diversity
1990  Joseph E. Murray Reducing the risk of immune-system
E. Donnall Thomas rejection of transplanted organs
1996  Peter C. Doherty
Rolf M. Zinkernagel. Mechanism of cell-mediated immunity
1997  Stanley B. Prusiner Prions

Several other Nobel Prizes have been awarded for discoveries that have facilitated the
development of tools and strategies for detecting and controlling infectious diseases.
These include prizes given for work on gene regulation (e.g., Beadle and Tatum, 1959;
Jacob, Lwoff, and Monod, 1965; and Gilman and Rodbell, 1994); nucleic acid struc-
ture and replication (e.g., Kornberg and Ochoa, 1959; Crick, Watson, and Wilkins,
1962; and Nathans, Smith, and Arber, 1978) and retroviral replication and evolution
(e.g., Baltimore, Temin, Dulbecco, 1975; and Bishop and Varmus, 1989).

* Of 91 Nobel Prizes in Physiology and Medicine awarded during 1901-2000, 27 were for
discoveries related to infectious diseases and immunology. No prizes in Physiology and
Medicine were awarded in 1915-18, 1921, 1925, or 1940-42.

reached its peak during 1830-1896, when Eurasia and North America experienced
four pandemics, began to fall as water supplies were insulated from human waste by
sanitary disposal systems. Chlorination and other drinking-water treatments began in
the early 1900s and became a widespread public health practice, sharply decreasing
the incidence of cholera, typhoid fever, and other waterborne diseases. The incidence
of TB also declined as improvements in housing reduced crowding, and TB-control
programs were put in place. In 1900, TB killed 200 of every 100,000 Americans, most
of them city residents. By 1940 (before the introduction of antibiotic therapy), TB re-
mained a leading killer, but its mortality rate had decreased to 60 per 100,000 persons.’

Substantial advances in animal and pest control also were made in the twentieth
century. Nationally sponsored, state-coordinated vaccination and animal-control
programs eliminated dog-to-dog transmission of rabies. Malaria, which had been en-
demic throughout the Southeast, was reduced to negligible levels by the late 1940s
through regional mosquito-control programs that drained swamps and killed mos-
quito larvae on bodies of water.

The threat of pandemic and uncontrolled plague epidemics also was greatly di-
minished by the end of the century as a result of efforts by the U.S. Marine Hospital
Service. During the early 1900s, infected rats and fleas were introduced via shipping
into port cities along the Pacific and Gulf coasts (e.g., San Francisco, Seattle, New
Orleans, Pensacola, and Galveston), as well as into Hawaii, Cuba, and Puerto Rico.
The largest outbreaks occurred in San Francisco in 1900-1904 (121 cases, 118
deaths) and in 1907-1908 (167 cases, 89 deaths). The U.S. Marine Hospital Service
engaged in laboratory diagnosis, epidemiologic investigations, quarantine and ship
inspection activities, environmental sanitation measures, and rodent- and vector-
control operations. The last rat-associated outbreak of plague in the United States
occurred in 1924-1925 in Los Angeles. That outbreak, which was characterized by
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a high percentage of pneumonic plague cases, represented the last identified instance
of human-to-human transmission of plague in the United States.

After plague was introduced into San Francisco, it spread quickly to various wild
rodent species and their fleas, where it still persists throughout much of the western
third of the United States. Today, these wild-rodent foci of infection are direct or in-
direct sources of infection for approximately 10-15 cases of human plague per year
(mostly bubonic), which occur in New Mexico, Arizona, Colorado, and California.

Twentieth-century advances in sanitation and hygiene transformed city life and
reinforced the idea that collective public health action (e.g., providing clean drinking
water) should be a routine function of government. Cities such as Philadelphia and
Boston had established health offices as early as the 1790s° in response to repeated
outbreaks of yellow fever and other infectious diseases.* About 70 years later, Mass-
achusetts and California founded the first state health departments (in 1869 and
1870, respectively), and by the turn of the century, 38 states had followed suit. The
first county health departments began to appear in 19087 and often identified disease
prevention as a major goal. During 1920-1950, state and local health departments,
which had benefited from scientific discoveries and increased staffing, were able to
make substantial progress in disease-prevention activities related to sewage disposal,
water treatment, food safety, and public education regarding hygienic practices.

One of the disease-control duties assumed by state and local health departments
in large cities was the regulation of food-handling practices (see Chapter 2) at food-
processing plants, restaurants, and retail food stores. The need for such regulation
was illustrated by the famous story of Typhoid Mary (see Chapter 2), which under-
scored not only the growing expectation among Americans that government should
promote public health but also a tendency to associate infectious-disease problems
with immigrants or other populations, rather than with specific risk factors or
behaviors—a trend that has persisted into the twenty-first century. During the 1980s,
for example, the gay community was blamed for the AIDS epidemic, and in the
early1990s, the Navajo Nation was stigmatized when an outbreak of hantavirus pul-
monary syndrome occurred in their community.®

Twentieth-century Americans placed an increasing emphasis on public health ac-
tion at the federal as well as the local levels. In 1902, Congress changed the name of
the Marine Hospital Service to the Public Health and Marine Hospital Service. Ten
years later, it became the U.S. Public Health Service (PHS) and it assumed broad-
ened responsibilities for the control of infectious disease. Currently, PHS includes
the National Institutes of Health (NIH), the Centers for Disease Control and Preven-
tion (CDC), and the Food and Drug Administration (FDA). The NIH was founded in
1887 as a one-room laboratory of hygiene. The forerunner of NIH’s National Insti-
tute for Allergy and Infectious Diseases (NIAID)—the National Microbiological
Institute—began in 1948 when the PHS Rocky Mountain and Biologics Control
Laboratories merged with the NIH Division of Infectious Diseases and Division of
Tropical Diseases. The forerunner of CDC—the PHS Communicable Disease
Center—opened in downtown Atlanta in 1946. The center was charged with assisting
state and local health officials in the fight against malaria, typhus, and other infec-
tious diseases. The forerunner of FDA—the U.S. Bureau of Chemistry>—was founded
in 1906 to ensure that food and drugs were unadulterated and properly labeled. During
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the second half of the century, the FDA’s mandate was expanded to include responsi-
bility for ensuring the safety and efficacy of medical products, including vaccines
and pharmaceuticals used to treat and prevent infectious diseases.

Interest in public health, and the fledgling disciplines of microbiology and in-
fectious diseases, also led to the formation of several nongovernmental organizations,
including the American Public Health Association (1872) and the American Society
for Microbiology (1899). In addition, the Journal of Infectious Diseases was first pub-
lished in 1904. In 1916, Johns Hopkins University in Baltimore, Maryland, created
the first U.S. school of public health with a grant from the Rockefeller Foundation.

Although twentieth-century improvements in sanitation and hygiene have had
tremendous societal benefits, foodborne and waterborne diseases remain significant
public health concerns. Illness caused by nontyphoidal Salmonella species increased
during the second half of the century, and other novel foodborne and waterborne
agents began to appear, including Escherichia coli O157:H7, Campylobacter spp.,
Cryptosporidium parvum, Listeria monocytogenes, Legionnella spp., and caliciviruses.
A 1999 report estimated an annual burden that year of 76 million foodborne illnesses
that resulted in 325,000 hospitalizations and 5000 fatalities.® In 1993, the largest out-
break of waterborne illness in U.S. history occurred when an estimated 400,000 per-
sons in Milwaukee, Wisconsin, were infected with the parasite Cryptosporidium.
Factors associated with the challenges of foodborne and waterborne illnesses that
likely will persist into the twenty-first century include (1) changing dietary habits that
favor foods more likely to transmit infection (e.g., raw seafood, sprouts, unpasteurized
milk and juice, and fresh fruits and vegetables); (2) globalization of the food supply;
(3) mass-production practices; and (4) aging and inadequately-maintained water sup-
ply systems. Although mass food production and distribution have resulted in an
abundant and generally safe food supply, they have also increased the potential for
large and geographically dispersed outbreaks of illness.

Immunization

Immunization is a critical intervention to prevent infectious diseases (see also Chap-
ter 4). Strategic vaccination campaigns have virtually eliminated diseases that were
common in the United States during the beginning and middle decades of the cen-
tury (e.g., diphtheria, tetanus, whooping cough, polio, smallpox, measles, mumps,
rubella, and Haemophilus influenzae type b meningitis).'? Starting with the licensure
of the combined diphtheria-pertussis-tetanus (DPT) vaccine in 1949, state and local
health departments began providing childhood vaccines on a regular basis, primarily
to poor children. In 1955, the introduction of the Salk polio vaccine led to the federal
appropriation of funds to support childhood-vaccination programs initiated by states
and local communities. In 1962, a federally-coordinated vaccination program was
established through the passage of the Vaccination Assistance Act—a landmark
piece of legislation that has been continuously renewed and now supports the pur-
chase and administration of a full range of childhood vaccines.

The success of vaccination programs in the United States and Europe gave rise to
the twentieth-century concept of disease eradication—the idea that a selected disease
could be eliminated from all human populations through global cooperation. In
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1980, after an 11-year campaign (1967-1977) involving 33 nations, the World
Health Organization declared that smallpox had been eradicated worldwide—about
a decade after it had been eliminated from the United States and the rest of the West-
ern Hemisphere. Polio and dracunculiasis (a non-vaccine-preventable disease)™” are
currently targeted for eradication, and many other infectious diseases may be tar-
geted in the twenty-first century, including measles, Haemophilus influenzae type b
infections, filariasis, onchocerciasis, rubella, and hepatitis B.

Antibiotics and Other Antimicrobial Drugs

The discovery of the antibiotic penicillin and its development into a widely available
medical treatment were other major landmarks in the control of infectious diseases.
Penicillin and other antibiotics allowed quick and complete treatment of previously
incurable bacterial diseases (see also Chapter 3). In addition, the new antibiotics tar-
geted more organisms and caused fewer side effects than the sulfa drugs that became
available in the late 1930s. Discovered fortuitously in 1928, penicillin was not devel-
oped for medical use until the 1940s, when it was produced in significant quantities
and used by the United States and allied military forces to treat sick and wounded
soldiers.

Antibiotics have been in civilian use for nearly six decades (Box 1.2) and have
saved the lives and improved the health of millions of persons infected with typhoid
fever, diphtheria, bacterial pneumonia, bacterial meningitis, plague, tuberculosis,
and streptococcal and staphylococcal infections. During the twentieth century, drugs
also were developed to treat viral diseases (e.g., ribavirin, zidovudine, and acy-
clovir), fungal diseases (e.g., nystatin, ketoconazole, and amphotericin B), and para-
sitic diseases (e.g., chloroquine, mebendazole, and metronidazole).

Unfortunately, the therapeutic advances that characterized the second half of the
twentieth century are being swiftly reversed by the emergence of drug resistance in
bacteria, parasites, viruses, and fungi.!' Whether this phenomenon would eventually

Box 1.2. The First American Civilian Saved by Penicillin.

Antibiotics are so widely relied on in the United States that Americans have come to
take them for granted after a only a few generations of use. The first U.S. civilian
whose life was saved by penicillin died in June 1999 at the age of 90. In March 1942,
a 33-year-old woman named Anne Sheafe was hospitalized for a month with a life-
threatening streptococcal infection at New Haven Hospital in New Haven, Connecti-
cut. She was delirious and her temperature spiked at almost 107° F. Treatments with
sulfa drugs, blood transfusions, and surgery had no effect. As a last resort, Anne
Sheafe’s doctors injected her with a tiny amount of an obscure experimental drug
called penicillin. Her hospital chart, now at the Smithsonian Institution, recorded a
sharp overnight drop in temperature, and by the next day she was no longer delirious.
Anne Sheafe survived to marry, raise a family, and enjoy another 57 years of life.
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occur was debated during the early years of the antibiotic era, but the debate ended
rapidly after penicillin was used to treat staphylococcal infections. However, within
several years, many strains of Staphylococcus aureus had become penicillin-resistant,
requiring changes in recommended therapy. Since the 1950s, this organism has de-
veloped resistance to each of the drug types that have replaced penicillin, and over
the last several years, strains of S. aureus with reduced susceptibility to the last re-
maining antibiotic (vancomycin) have been appearing. Other diseases that have been
substantially impacted by antibiotic resistance include gonorrhea, tuberculosis,
pneumococcal infection, typhoid fever, bacterial dysentery, malaria, and HIV. A pri-
mary reason for the swift development of antibiotic resistance is the natural tendency
of organisms to mutate and share genetic material. However, this process has been
facilitated by injudicious prescribing of antibiotics by the medical, veterinary, and
agricultural industries; unrealistic patient expectations; the economics of pharma-
ceutical sales; and the growing sophistication of medical interventions (e.g., trans-
plant surgery and chemotherapy) that require the administration of large quantities
of antibiotics.!> Growing antibiotic resistance poses a substantial threat to the gains
in infectious-disease control made over the last five decades and warrants fresh ap-
proaches to promoting wise antibiotic stewardship by prescribers, patients, and in-
dustry to ensure the effectiveness of these drugs in future generations.

Technological Advances in Detecting and Monitoring
Infectious Diseases

Technological change was a major theme of twentieth-century public health, partic-
ularly in the area of infectious disease. Twentieth-century techniques that increased
the capacity for detecting, diagnosing, and monitoring infectious diseases included
the development of serologic testing (at the beginning of the century) and molecular
assays (at the end of the century). Computers and electronic forms of communica-
tion have also had an impact on epidemiology, greatly enhancing the nation’s ability
to gather, analyze, and disseminate disease-surveillance data.

Serologic Testing

Serologic testing, which came into use in the 1910s, provided one of the corner-
stones for laboratory-based (as opposed to clinical) diagnosis. It remains a useful di-
agnostic and epidemiologic tool. The impact of serologic testing can be illustrated by
reviewing early twentieth-century efforts to control sexually transmitted diseases
(STDs).'3!# Syphilis and gonorrhea were widespread by 1900, with transmission
rates rising with the increasing urbanization of the United States. Gonorrhea con-
tracted from infected mothers during delivery accounted for a substantial proportion
of cases of congenital blindness, giving rise to the practice of treating the eyes of
newborn babies with silver nitrate. However, gathering data on the incidence of these
diseases was difficult, not only because infected persons were unwilling to discuss
their sexual activities or ask for treatment but also because syphilis and gonorrhea
were difficult to diagnose (especially during the latent stages of disease). Thus,
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STDs were not only unmentionable in polite society but also largely invisible from
an epidemiologic perspective.

This situation began to change when serologic testing became available. During
World War I, blood tests for syphilis were given to young men before their induc-
tion into the army. The Surgeon General reported that in 1917 and 1918, infection
with STDs was the most frequent cause for rejection of draftees;'? the next highest
cause was heart disease. The high incidence of venereal disease documented
among young men during World War I stimulated the initiation of the first (though
short-lived) national syphilis control program via the Chamberlain-Kahn Act of
1918.14

Viral Isolation and Tissue Culture

The first virus isolation techniques also came into use at the turn of the twentieth
century. They involved straining infected material through successively smaller
sieves and inoculating test animals or plants to show that the purified substance re-
tained disease-causing activity. The first “filtered” viruses were tobacco mosaic virus
(1886);'% and the virus that causes foot-and-mouth disease in cattle (1897).'® The
U.S. Army Command under Major Walter Reed filtered yellow fever virus in 1900."7
The development of techniques for growing monolayers of cells in culture dishes
allowed viral growth in vitro and paved the way for large-scale production of live
or heat-killed viral vaccines. Negative staining techniques for the visualization of
viruses under the scanning electron microscope (which was invented in the late
1930s) were available by the early 1960s.

Molecular Techniques

During the last quarter of the twentieth century, molecular biology provided power-
ful new tools for detecting and characterizing infectious pathogens. Antibody-based
assays and nucleic acid hybridization and sequencing techniques'® rendered possible
the characterization of the causative agents of previously unknown diseases (e.g.,
hepatitis C, Lyme disease, human ehrlichiosis, hantavirus pulmonary syndrome, AIDS,
Ebola and Marburg hemorrhagic fevers, new variant Creutzfeldt-Jakob disease, and
Nipah virus disease).

Molecular tools have greatly enhanced capacity for tracking the transmission of
new threats and for finding new ways to prevent and treat them. The HIV virus (for-
merly also called LAV, for lymphadenopathy-associated virus) was identified in
1983, within a few years of the recognition of AIDS by Western scientists as a new
human disease,'” and serologic AIDS tests came into widespread use before the end
of the decade.?® Had AIDS emerged 100 years ago, when laboratory-based diagnos-
tic methods were in their infancy, it might have remained a mysterious syndrome of
unknown cause for many decades. Moreover, the development of the drugs cur-
rently used to treat HIV-infected persons and prevent perinatal transmission of the
virus (e.g., replication analogs and protease inhibitors) required an understanding
of retroviral replication at the molecular level, a knowledge base that is only a few
decades old.
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Future advances in molecular biology, bioinformatics, and other areas are likely to
revolutionize the detection, treatment, control, and prevention of infectious diseases
in the twenty-first century. Advances in microbial genomics will enable epidemiolo-
gists to identify any microbial species, subtype, or strain within hours or minutes. A
detailed understanding of human genetics will help physicians target vaccines and
prophylactic drugs to the most susceptible persons, and improved knowledge of hu-
man immunology will stimulate the development of vaccines that not only prevent
disease but also boost the immunity of people who are already infected with HIV or
other pathogens (see Chapter 2). Over the next century, infectious diseases may be
found to cause many chronic cardiovascular, intestinal, and pulmonary diseases (Box
1.3), which could lead to profound changes in the way these diseases are treated and
prevented.?'” Moreover, in-depth knowledge of climatic and environmental factors
that influence the emergence of animal- and insect-borne diseases (facilitated by the
availability of remote-sensing technologies) will inform public health policy and al-
low public health authorities to predict outbreaks and institute preventive measures
months in advance.

Although the technology revolution has been beneficial in the control and diagno-
sis of infectious diseases, the increase in genetic knowledge may have negative con-
sequences in terms of personal privacy, autonomy, and safety. Special protections
may be needed, for example, to ensure that individuals control access to information
about their genetic make-up (e.g., by physicians, medical insurers, employers, public
health workers, and researchers). Even more alarming, microorganisms can be inten-
tionally manipulated or “weaponized” to cause harm—as we know from the events
of October 2001, when highly-purified anthrax spores sent through the U.S. mail
killed five people.

Box 1.3. Infectious Agents May Cause Chronic Diseases.

The two leading causes of death in the United States as we enter the twenty-first cen-
tury are cancer and cardiovascular disease, rather than the infectious diseases that
afflicted our forebears 100 years ago (see Fig. 1.2). However, the distinction between
chronic and infectious diseases has begun to blur.

Current research suggests that some chronic diseases formerly attributed to
lifestyle or environmental factors are actually caused by or intensified by infectious
agents. For example, most peptic ulcers—long thought to be due to stress and diet—
are now known to be caused by the bacterium Helicobacter pylori.?' Several types of
cancers, including some liver??? and cervical cancers,* are linked to infectious
agents. Chlamydia pneumoniae infection has been proposed as a contributor to coro-
nary artery disease,?>?° and enteroviruses appear to be associated with type 1 diabetes
melitus in some children.?’

Thus, in the twenty-first century, it is possible that some forms of cancer, heart
disease, and diabetes, may be treated with antimicrobial drugs or prevented by
vaccines.
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Challenges for the Twenty-first Century

The success in reducing morbidity and mortality from infectious diseases during the
first three quarters of the twentieth century led many medical and public health experts
to become complacent about the need for continued research into treatment and control
of infectious microbes.!' However, subsequent developments—including the appear-
ance of new diseases such as AIDS and severe acute respiratory syndrome (SARS), the
reemergence of tuberculosis (including multidrug-resistant strains), the spread of
cholera and West Nile encephalitis to the Americas, and an overall increase in U.S.
infectious-disease mortality during 1980-1998 (Fig. 1.1)—have reinforced the realiza-
tion that as long as microbes can evolve, new diseases will arise.

Molecular genetics provides a new appreciation of the remarkable ability of mi-
crobes to evolve, adapt, and develop drug resistance in an unpredictable and dynamic
fashion (Box 1.4). Scientists now understand the way in which (1) resistance genes
are transmitted from one bacterium to another on plasmids and (2) viruses evolve
through replication errors, through the reassortment of gene segments, and by jump-
ing species barriers. Recent examples of microbial evolution include the emergence
and intercontinental spread of a virulent strain of avian influenza H5N1 first identified

Box 1.4. New Modes of Disease Transmission Created by
Twenty-first-century Technology.

Although the impact of technology on the control of infectious diseases has been
overwhelmingly positive, certain twentieth-century technological advances have cre-
ated the following new niches and modes of transmission for particular pathogens:

* The bacteria that cause Legionnaire’s disease have been spread through modern
ventilation systems.

* HIV and hepatitis B and C viruses have been spread through unscreened blood
donations.

* Foodborne diseases (e.g., Salmonellosis and E. coli O157 infection) have been
transmitted by centrally processed food products that are distributed simultaneously
to many states or countries.

* Airplanes have replaced ships as major vehicles of international disease spread,

carrying not only infected people (e.g., individuals with SARS or influenza) but also

disease-carrying animals and insects (e.g., mosquitoes that carry malaria parasites
or West Nile virus).

As a result of economic development (e.g., mining, forestry, and agriculture) and an

expanded tourist trade that caters to persons who wish to visit undeveloped areas,

more people are traveling to tropical rain forests and other wilderness habitats that
are reservoirs for insects and animals that harbor unknown infectious agents.

* In the United States, increasing suburbanization, coupled with the reversion of agri-
cultural land to secondary growth forest, has brought people into contact with deer
that carry ticks infected with Borrelia burgdorferi, the causative agent of Lyme dis-
ease, and has brought household pets into contact with rabies-infected raccoons.
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in Hong Kong, the multidrug-resistant W strain of tuberculosis in the United States,
and strains of Staphylococcus aureus with reduced susceptibility to vancomycin in
the United States and Japan.'!-?

Although twentieth-century achievements in the control of infectious disease
have been effective, the public health community cannot rest. The United States must
be prepared to address the unexpected, whether it be an influenza pandemic, a disease
caused by a novel or unrecognized organism, a drug-resistant disease, a foodborne
outbreak, or an outbreak of smallpox caused by a bioterrorist. Continued protection of
U.S. health requires improved capacity for disease surveillance and outbreak re-
sponse at the state, local, and federal levels; the development and dissemination of
new laboratory and epidemiologic methods; and ongoing research into environmen-
tal factors that facilitate disease emergence.'!-282
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Notes

*  Some proportion of cancer and heart disease may be caused or exacerbated by infectious
agents (see Box 1.3).

T Epidemiologic investigations since 1970 indicate that most cases are acquired through in-
fectious flea bites (78% of total), direct contact with infected animals (20%) or, rarely, in-
halation of infectious respiratory droplets or other airborne materials (2%). The only
identified sources of infection for the cases acquired through inhalation were exposures to
infected cats with cough or oral lesions.

% The first Philadelphia health office opened in 1794. Paul Revere was the first president of
the Boston board of health, which was founded in 1796.

§ In 1927, the Bureau of Chemistry was reorganized into two agencies: the Food, Drug, and
Insecticide Administration and the Bureau of Chemistry and Soils. In 1930, the name of
the Food, Drug, and Insecticide Administration was shortened to the Food and Drug Ad-
ministration.

** Dracunculiais, or guinea worm disease, is a waterborne parasitic illness that in past years
caused acute illness and permanent disabilities in millions of people in India, Pakistan,
and several African countries. Its eradication depends on environmental and behavioral in-
terventions that reduce exposure to contaminated water rather than on vaccination.
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Advances in Food Safety
to Prevent Foodborne Diseases
in the United States

ROBERT V. TAUXE
EMILIO . ESTEBAN

In the United States, the food supply is both broader and far safer than it was
100 years ago. At the start of the twentieth century, contaminated foods frequently
caused typhoid fever, septic sore throat, and trichinosis—diseases that now rarely
occur. Along with the treatment of drinking water and sewage sanitation, food-safety
measures have become routine; these measures have been developed and initiated in
response to specific public health threats and are continually evolving. At the same
time, the shift of the U.S. food supply from small, local farms to huge, global agribusi-
nesses has opened new niches for pathogens, as well as the potential for more sys-
tematic disease prevention. The methods public health authorities use to detect,
investigate, and understand these public health threats have also advanced over the
last century. This chapter, which addresses the progress achieved in the field of food
safety, serves to support the continuing effort to make food safer.

The Social Setting of the Food Supply in 1900

In 1900, the United States was predominantly rural. The census conducted that year
found 60% of the population living in rural areas, and another 14% living in towns of
fewer than 25,000 persons.! Farmers constituted 38% of the labor force. Whereas
grain milling and meatpacking industries were centralized in the Midwest, most
other foods were produced in dairies, truck farms, and other local food industries
located near the consumer. Many foods were available only seasonally, and domestic

18
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iceboxes provided limited refrigeration. Fresh foods were supplemented by canned
goods, which had become available after the Civil War, though concerns about their
safety and quality limited their general acceptance.? Kitchen gardens supplied pro-
duce, and much food processing occurred in the home, from slaughter and plucking
of live fowl to making sausages and preserves. A popular cookbook from 1871, writ-
ten for a general homemaking audience, gave instructions for making pickles, pre-
serves, catsup, ginger beer, and dehydrated soup at home in addition to providing
recipes for the principal meals.? Because of the substantial effort required to provide
food at the household level, middle-class households in that era required a staff. The
1900 census revealed that 9% of the nonagricultural working population reported
their occupation as housekeeper or servant.!

Cities with increasing populations were just beginning to appreciate the benefits
of treated municipal water supplies and sewage collection systems at the turn of the
century,* although sewer systems still poured waste into lakes and rivers that served
as the water supply. In 1900, only 6% of the population had access to water that was
filtered, and 24.5% of the urban population had sewerage.’

The Impact of Foodborne Diseases Early in the Twentieth
Century and the Public Health Response

In 1900, American life expectancy at birth wa