
Achievements in Public Health, 1900–1999

Control of Infectious Diseases

Control of Infectious Diseases — ContinuedDeaths from infectious diseases have declined markedly in the United States dur-

ing the 20th century (Figure 1). This decline contributed to a sharp drop in infant and

child mortality (1,2 ) and to the 29.2-year increase in life expectancy (2 ). In 1900, 30.4%

of all deaths occurred among children aged <5 years; in 1997, that percentage was

only 1.4%. In 1900, the three leading causes of death were pneumonia, tuberculosis

U.S. DEPARTMENT OF HEALTH & HUMAN SERVICES

621 Control of Infectious Diseases
629 Meningococcal Disease — 

New England, 1993–1998
633 Progress Toward Poliomyelitis

Eradication During Armed
Conflict — Somalia and Southern
Sudan, January 1998–June 1999

637 Notices to Readers

July 30, 1999 / Vol. 48 / No. 29

1900 1920 1940 1960 1980 2000
0

200

400

600

800

1000

Year

R
a
te

40 States Have
Health
Departments

Influenza Pandemic

Last Human-to-Human
Transmission of Plague

First Use
of Penicillin

Salk Vaccine
Introduced

Passage of 
Vaccination Assistance Act

First Continuous
Municipal Use 
of Chlorine in Water

in United States§

*Per 100,000 population per year.
†Adapted from Armstrong GL, Conn LA, Pinner RW. Trends in infectious disease mortality in
the United States during the 20th century. JAMA 1999:281;61–6.

§American Water Works Association. Water chlorination principles and practices: AWWA manual
M20. Denver, Colorado: American Water Works Association, 1973.

FIGURE 1. Crude death rate* for infectious diseases — United States, 1900–1996†



(TB), and diarrhea and enteritis, which (together with diphtheria) caused one third of

all deaths (Figure 2). Of these deaths, 40% were among children aged <5 years (1 ). In

1997, heart disease and cancers accounted for 54.7% of all deaths, with 4.5% attribut-

able to pneumonia, influenza, and human immunodeficiency virus (HIV) infection (2 ).

Despite this overall progress, one of the most devastating epidemics in human history

occurred during the 20th century: the 1918 influenza pandemic that resulted in 20 mil-

lion deaths, including 500,000 in the United States, in <1 year—more than have died in

as short a time during any war or famine in the world (3 ). HIV infection, first recog-

nized in 1981, has caused a pandemic that is still in progress, affecting 33 million peo-

ple and causing an estimated 13.9 million deaths (4 ). These episodes illustrate the

volatility of infectious disease death rates and the unpredictability of disease emer-

gence.

Public health action to control infectious diseases in the 20th century is based on

the 19th century discovery of microorganisms as the cause of many serious diseases

(e.g., cholera and TB). Disease control resulted from improvements in sanitation and

hygiene, the discovery of antibiotics, and the implementation of universal childhood

vaccination programs. Scientific and technologic advances played a major role in each

of these areas and are the foundation for today’s disease surveillance and control sys-

tems. Scientific findings also have contributed to a new understanding of the evolving

relation between humans and microbes (5 ).

CONTROL OF INFECTIOUS DISEASES

Sanitation and Hygiene

The 19th century shift in population from country to city that accompanied industri-

alization and immigration led to overcrowding in poor housing served by inadequate

or nonexistent public water supplies and waste-disposal systems. These conditions

resulted in repeated outbreaks of cholera, dysentery, TB, typhoid fever, influenza, yel-

low fever, and malaria.

By 1900, however, the incidence of many of these diseases had begun to decline

because of public health improvements, implementation of which continued into the

20th century. Local, state, and federal efforts to improve sanitation and hygiene re-

inforced the concept of collective “public health” action (e.g., to prevent infection by

providing clean drinking water). By 1900, 40 of the 45 states had established health

departments. The first county health departments were established in 1908 (6 ). From

the 1930s through the 1950s, state and local health departments made substantial pro-

gress in disease prevention activities, including sewage disposal, water treatment,

food safety, organized solid waste disposal, and public education about hygienic prac-

tices (e.g., foodhandling and handwashing). Chlorination and other treatments of

drinking water began in the early 1900s and became widespread public health prac-

tices, further decreasing the incidence of waterborne diseases. The incidence of TB

also declined as improvements in housing reduced crowding and TB-control pro-

grams were initiated. In 1900, 194 of every 100,000 U.S. residents died from TB; most

were residents of urban areas. In 1940 (before the introduction of antibiotic therapy),

TB remained a leading cause of death, but the crude death rate had decreased to

46 per 100,000 persons (7 ).

Animal and pest control also contributed to disease reduction. Nationally

sponsored, state-coordinated vaccination and animal-control programs eliminated
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dog-to-dog transmission of rabies. Malaria, once endemic throughout the southeast-

ern United States, was reduced to negligible levels by the late 1940s; regional

mosquito-control programs played an important role in these efforts. Plague also

diminished; the U.S. Marine Hospital Service (which later became the Public Health

Service) led quarantine and ship inspection activities and rodent and vector-control

operations. The last major rat-associated outbreak of plague in the United States

occurred during 1924–1925 in Los Angeles. This outbreak included the last identified

instance of human-to-human transmission of plague (through inhalation of infectious

respiratory droplets from coughing patients) in this country.

Vaccination

Strategic vaccination campaigns have virtually eliminated diseases that previously

were common in the United States, including diphtheria, tetanus, poliomyelitis, small-

pox, measles, mumps, rubella, and Haemophilus influenzae  type b meningitis (8 ).

With the licensure of the combined diphtheria and tetanus toxoids and pertussis vac-

cine in 1949, state and local health departments instituted vaccination programs,

aimed primarily at poor children. In 1955, the introduction of the Salk poliovirus vac-

cine led to federal funding of state and local childhood vaccination programs. In 1962,

a federally coordinated vaccination program was established through the passage of

the Vaccination Assistance Act—landmark legislation that has been renewed continu-

ously and now supports the purchase and administration of a full range of childhood

vaccines.

The success of vaccination programs in the United States and Europe inspired the

20th-century concept of “disease eradication”—the idea that a selected disease could

be eradicated from all human populations through global cooperation. In 1977, after a

decade-long campaign involving 33 nations, smallpox was eradicated worldwide—

approximately a decade after it had been eliminated from the United States and the

rest of the Western Hemisphere. Polio and dracunculiasis may be eradicated by 2000.

Antibiotics and Other Antimicrobial Medicines

Penicillin was developed into a widely available medical product that provided

quick and complete treatment of previously incurable bacterial illnesses, with a wider

range of targets and fewer side effects than sulfa drugs. Discovered fortuitously in

1928, penicillin was not developed for medical use until the 1940s, when it was pro-

duced in substantial quantities and used by the U.S. military to treat sick and wounded

soldiers.

Antibiotics have been in civilian use for 57 years (see box 1) and have saved the

lives of persons with streptococcal and staphylococcal infections, gonorrhea, syphilis,

and other infections. Drugs also have been developed to treat viral diseases (e.g., her-

pes and HIV infection); fungal diseases (e.g., candidiasis and histoplasmosis); and

parasitic diseases (e.g., malaria). The microbiologist Selman Waksman led much of

the early research in discovering antibiotics (see box 2). However, the emergence of

drug resistance in many organisms is reversing some of the therapeutic miracles of

the last 50 years and underscores the importance of disease prevention.
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TECHNOLOGIC ADVANCES IN DETECTING
AND MONITORING INFECTIOUS DISEASES

Technologic changes that increased capacity for detecting, diagnosing, and moni-

toring infectious diseases included development early in the century of serologic test-

ing and more recently the development of molecular assays based on nucleic acid and

antibody probes. The use of computers and electronic forms of communication

enhanced the ability to gather, analyze, and disseminate disease surveillance data.

Serologic Testing

Serologic testing came into use in the 1910s and has become a basic tool to diag-

nose and control many infectious diseases. Syphilis and gonorrhea, for example, were

widespread early in the century and were difficult to diagnose, especially during the

latent stages. The advent of serologic testing for syphilis helped provide a more accu-

rate description of this public health problem and facilitated diagnosis of infection. For

example, in New York City, serologic testing in 1901 indicated that 5%–19% of all men

had syphilitic infections (9 ).

Viral Isolation and Tissue Culture

The first virus isolation techniques came into use at the turn of the century. They

involved straining infected material through successively smaller sieves and

inoculating test animals or plants to show the purified substance retained disease-

causing activity. The first “filtered” viruses were tobacco mosaic virus (1882) and foot-

and-mouth disease virus of cattle (1898). The U.S. Army Command under Walter Reed

filtered yellow fever virus in 1900. The subsequent development of cell culture in the

1930s paved the way for large-scale production of live or heat-killed viral vaccines.

Negative staining techniques for visualizing viruses under the electron microscope

were available by the early 1960s.

Molecular Techniques

During the last quarter of the 20th century, molecular biology has provided power-

ful new tools to detect and characterize infectious pathogens. The use of nucleic acid

hybridization and sequencing techniques has made it possible to characterize the

1. The First American Civilian Saved by Penicillin

The first U.S. civilian whose life was saved by penicillin died in June 1999 at the

age of 90 years. In March 1942, a 33-year-old woman was hospitalized for a month

with a life-threatening streptococcal infection at a New Haven, Connecticut, hospi-

tal. She was delirious, and her temperature reached almost 107 F (41.6 C). Treat-

ments with sulfa drugs, blood transfusions, and surgery had no effect.

As a last resort, her doctors injected her with a tiny amount of an obscure experi-

mental drug called penicillin. Her hospital chart, now at the Smithsonian Institu-

tion, indicates a sharp overnight drop in temperature; by the next day she was no

longer delirious. She survived to marry, raise a family, and meet Sir Alexander

Fleming, the scientist who discovered penicillin. In 1945, Fleming was awarded the

Nobel Prize in Physiology and Medicine, along with Ernst Chain and Howard Florey,

who helped develop penicillin into a widely available medical product.
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2. Selman Abraham Waksman, Ph.D.

In 1943, Selman Abraham Waksman (July 22, 1888–August 16, 1973) led a team

of Rutgers University researchers that isolated streptomycin, the first antibiotic ef-

fective against tuberculosis (TB) in humans. In 1952, Waksman received the Nobel

Prize for this discovery.

Waksman grew up in the small Russian village of Novaya Priluka. In 1910, he

settled in New Jersey, where a cousin operated a small farm. An interest in scien-

tific farming brought him to nearby Rutgers College of Agriculture, where he

earned a bachelor’s degree in science in 1915 and a master’s degree a year later. He

completed his doctorate at the University of California, Berkeley, in 2 years, and

returned to Rutgers to take a position as lecturer in soil microbiology.

Waksman preferred the term “microbiology” to the conventional “bacteriology”

because “not the bacteria but the fungi and the actinomycetes formed my major

interests among the microorganisms” (1 ). By the 1930s, he was a leading figure in

microbiology, attracting talented graduate students, including René Dubos, whose

work led to the discovery in 1939 of gramicidin, the first clinically useful topical

antibiotic.

Dubos’ success and the introduction of penicillin prompted Waksman to put his

graduate students and assistants to work looking for antibiotics. In 1943,

a Waksman student, Albert Schatz, isolated streptomycin. In 1944, clinical trials

demonstrated the drug’s effectiveness against gram-negative bacteria including

Mycobacterium tuberculosis. Despite substantial problems with toxicity and drug

resistance, streptomycin soon formed the foundation of multidrug therapies for TB.

With the introduction and use of antibiotics, mortality of TB was reduced drasti-

cally. In the United States, from 1945 to 1955, TB mortality decreased from

39.9 deaths per 100,000 population (2 ) to 9.1. Around the world, TB remained

(and remains) a substantial health problem, but until the emergence of multidrug-

resistant TB, many in the United States shared Waksman’s optimism, expressed in

1964, that “the final chapter of the battle against tuberculosis appears to be at

hand” (3 ).
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causative agents of previously unknown diseases (e.g., hepatitis C, human ehr-

lichiosis, hantavirus pulmonary syndrome, acquired immunodeficiency syndrome

[AIDS], and Nipah virus disease).

Molecular tools have enhanced capacity to track the transmission of new threats

and find new ways to prevent and treat them. Had AIDS emerged 100 years ago, when

laboratory-based diagnostic methods were in their infancy, the disease might have

remained a mysterious syndrome for many decades. Moreover, the drugs used to

treat HIV-infected persons and prevent perinatal transmission (e.g., replication ana-

logs and protease inhibitors) were developed based on a modern understanding of

retroviral replication at the molecular level.

CHALLENGES FOR THE 21ST CENTURY

Success in reducing morbidity and mortality from infectious diseases during the

first three quarters of the 20th century led to complacency about the need for contin-

ued research into treatment and control of infectious microbes (10 ). However, the

appearance of AIDS, the re-emergence of TB (including multidrug-resistant strains),

and an overall increase in infectious disease mortality during the 1980s and early

1990s (Figure 1) provide additional evidence that as long as microbes can evolve, new

diseases will appear. The emergence of new diseases underscores the importance of

disease prevention through continual monitoring of underlying factors that may en-

courage the emergence or re-emergence of diseases.

Molecular genetics has provided a new appreciation of the remarkable ability of

microbes to evolve, adapt, and develop drug resistance in an unpredictable and

dynamic fashion (see box 3). Resistance genes are transmitted from one bacterium to

another on plasmids, and viruses evolve through replication errors and reassortment

of gene segments and by jumping species barriers. Recent examples of microbial evo-

lution include the emergence of a virulent strain of avian influenza in Hong Kong

(1997–98); the multidrug-resistant W strain of M. tuberculosis  in the United States in

1991 (11 ); and Staphylococcus aureus  with reduced susceptibility to vancomycin in

Japan in 1996 (12 ) and the United States in 1997 (13,14 ).

For continued success in controlling infectious diseases, the U.S. public health sys-

tem must prepare to address diverse challenges, including the emergence of new

infectious diseases, the re-emergence of old diseases (sometimes in drug-resistant

forms), large foodborne outbreaks, and acts of bioterrorism. Ongoing research on the

possible role of infectious agents in causing or intensifying certain chronic diseases

(including diabetes mellitus type 1, some cancers [15–17 ], and heart conditions

[18,19 ]) also is imperative. Continued protection of health requires improved capacity

for disease surveillance and outbreak response at the local, state, federal, and global

levels; the development and dissemination of new laboratory and epidemiologic

methods; continued antimicrobial and vaccine development; and ongoing research

into environmental factors that facilitate disease emergence (20 ).
Reported by: National Center for Environmental Health; National Center for Health Statistics;
National Center for Infectious Diseases, CDC.
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3. New Modes of Disease Transmission Created by 20th-Century Technology

• The bacteria that cause legionnaires disease have been spread through modern

ventilation systems.

• Human immunodeficiency virus and hepatitis C virus have been spread through

transfusions of unscreened blood.

• Foodborne diseases, such as salmonellosis and Escherichia coli  O157 infection,

have been spread on centrally processed foods distributed simultaneously to

many states or countries.

• Airplanes have replaced ships as major vehicles of international disease spread.

• More people are traveling to tropical rain forests and other wilderness habitats

that are reservoirs for insects and animals that harbor unknown infectious

agents. This incursion is due to economic development (e.g., mining, forestry,

and agriculture) and an expanded tourist trade that caters to persons who wish

to visit undeveloped areas.

• In the United States, increasing suburbanization and the reversion of agricul-

tural land to secondary growth forest has brought people into contact with deer

that carry ticks infected with Borrelia burgdorferi, the causative agent of Lyme

disease, and has brought household pets into contact with rabies-infected

raccoons.

• The increased development and use of antimicrobial agents has hastened the

development of drug resistance.

• People whose immunologic and other host defenses have been impaired by

modern medical treatments (e.g., bone marrow or solid organ transplants,

chemotherapy, chronic corticosteroid therapy, renal dialysis, or indwelling

medical devices) are more likely to acquire opportunistic infections.
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Meningococcal Disease — New England, 1993–1998

Meningococcal Disease — ContinuedNeisseria meningitidis, a leading cause of bacterial meningitis and sepsis in chil-

dren and young adults in the United States, causes both sporadic disease and out-

breaks (1 ). Preventing and controlling meningococcal disease remains a public health

challenge because of the multiple serogroups and the limitations of available vaccines

(1,2 ). Vaccination with the polysaccharide meningococcal vaccine, which protects

against serogroups A, C, Y, and W135 of N. meningitidis, is recommended by the

Advisory Committee on Immunization Practices (ACIP) for controlling outbreaks but

routine vaccination is not recommended for control of sporadic cases (1 ). During

1998, a cluster of meningococcal disease cases occurred in Rhode Island, and

although the situation did not meet ACIP criteria for an outbreak (1 ), the Rhode Island

Department of Health recommended vaccination of all residents aged 2–22 years. This

action stimulated controversy in Rhode Island and the rest of New England (Connecti-

cut, Maine, Massachusetts, New Hampshire, and Vermont) and prompted a review of

the epidemiology of meningococcal disease in the region. This report describes men-

ingococcal disease data reported to the region’s state health departments during

1993–1998 and discusses the situation in Rhode Island.

Surveillance. Connecticut and Massachusetts conducted prospective enhanced

surveillance for meningococcal disease beginning in 1995 and 1996, respectively. In

Rhode Island, additional case ascertainment was done in 1998 by reviewing hospital

inpatient discharge data and hospital records for all confirmed and probable cases

from 1992 through 1998. Surveillance in Maine, New Hampshire, and Vermont con-

sisted of routine reporting for meningococcal disease. To calculate incidence, census

data for 1996 were used.
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