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Public Health & Preventive Medicine is in its ninth decade of
existence since being first published in 1913, and it therefore
contains much of the lore of public health and preventive med-
icine over the twentieth century. With each edition, selecting
the appropriate information to include has become increas-
ingly difficult for several reasons. Nearly all the same public
health and prevention themes and issues continue to be with
us, and new knowledge, research, and practice information for
public health and preventive medicine grow at a rapid rate.
New diseases are being discovered and our knowledge of
existing ones is constantly being refined and expanded. New
microorganisms of public health import continue to be dis-
covered and new conditions of public health importance have
emerged. Behavioral science has helped us better understand
how to promote healthful, hygienic behaviors and better edu-
cate our citizens and patients. Science and engineering have
created occupational and other environmental exposures never
before experienced. The increased survivorship of the popu-
lations of industrialized nations has heightened the impor-
tance of degenerative diseases, complex medical care pro-
grams, and the opportunities for prevention of disease. The
population growth of our finite and frail planet may be caus-
ing present and future public health dilemmas that are not, yet,
completely understood. There has been increasing attention to

the social and “unnatural” causes of human suffering and the
recognition of human conflict as a public health problem. The
increased convergence of public health practice and the deliv-
ery of clinical health services has created and elevated several
topics that must be given some prominence.

Every attempt has been made to update the information
and acquire new knowledge in this fifteenth edition of Public
Health & Preventive Medicine. Although several new topics
have been introduced in this edition, inevitably certain issues
could not be fully considered. In particular, to keep this text-
book at a reasonable size, there is somewhat less emphasis on
the issues of developing countries and some topics worthy of
extended length have been shortened. Some of the chapters
have been adapted from those in the fourteenth edition, usu-
ally in situations where the previous author was unable to
participate again. Full credit for the preserved portions of
previous editions is not possible, but can be found by perus-
ing those editions. Although the majority of the more than
200 contributors to this textbook are from North America,
most of the themes presented here have universal applica-
tion and the lore comes from scientists and practitioners
worldwide.

Robert B. Wallace, MD, MSc
Towa City, lowa
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Many persons gave generously of their time in the prepara-
tion of the fifteenth edition of Public Health & Preventive
Medicine. The scientific contributors were most responsive
to comments and editorial suggestions, and many had col-
leagues, too numerous to mention, who skillfully gave of their
time in facilitating manuscript preparation and in communi-
cating with the section editors and the editorial office. Partic-
ular appreciation is noted for Julie Bobitt, Linsey Abbott, and

Nicole Schmidt who provided high-quality logistical and
editing support for assembling the many contributions to
this volume. Michael Brown and Maya Barahona of the
McGraw-Hill Publishing Company also gave invaluable sup-
port, advice, and assistance in the assembly of this book. Finally,
John M. Last, editor emeritus and the immediate past editor
of the volume, has continued to provide skilled and welcome
support for its content.
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Milton J. Rosenau was a Harvard man, as was his principal col-
laborator, George C. Whipple. His successor, Kenneth Maxcy,
moved to Johns Hopkins University. When Maxcy was in turn
succeeded as editor by Philip E. Sartwell and the size of the
writing team began to grow, the center of gravity of “Maxcy-
Rosenau” was decisively located in Baltimore: twenty of the
thirty-nine contributors to the tenth edition were on the Johns
Hopkins staff, and all but two or three contributors were asso-
ciated with schools of public health. In 1976, the Publisher
invited the Association of Teachers of Preventive Medicine
(ATPM) to assume responsibility for the eleventh and subse-
quent editions. After a search, John M. Last, from the Univer-
sity of Ottawa, was selected as editor. Under his leadership,

“Maxcy-Rosenau-Last” evolved in several ways, becoming
more comprehensive and international and with an increased
number of contributors. Under the auspices of the ATPM, the
thirteenth edition was coedited by Last and Robert B. Wallace,
from the University of Iowa. Wallace became the editor for the
fourteenth edition. The current fifteenth edition has been edited
by Wallace with the capable assistance of Neal Kohatsu, now at the
California Department of Public Heath. More than 200 authors
from diverse disciplines and geographic situations have con-
tributed to this edition. John Last continues to be an active con-
tributor to this volume and to public health in general.
Robert B. Wallace, MD, MSc
Towa City, Iowa
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Public Health and Preventive
Medicine: Trends and Guideposts

Robert B. Wallace

There are varied definitions of public health. Recent volumes from
the U.S. Institute of Medicine have addressed the definitions and
functions of public health!? in a careful and thoughtful way, and
described several pathways to healthier communities. The field of
preventive medicine, the interface between public health and medical
practice, is also critical to the health of populations, but is in a faster
transition as the roles traditionally performed by physicians in popu-
lation medicine are reconsidered and the structure of public health
evolves. In the meantime, the health needs of the public are as acute
as ever and demand all of the energy, skill, and science that public
health and preventive medicine can muster.

Fortunately, there have been rapid and important advancements
in public health and preventive medicine. Some have come as a result
of inexorable achievements in productive science, and others were
prodded by special public health emergencies and problems, or orga-
nizational changes in the delivery of preventive and curative health
services. Many advancements in both practice and knowledge have
been evolutionary, but in a few instances, there have been funda-
mental enhancements to our knowledge of the universe and their
applications to the public health sciences. While there may be dis-
agreements about what these achievements have been, and indeed
some may not yet be fully recognized, the past several years have wit-
nessed several striking and rapidly advancing trends. The following
are some of the important trends that have shaped public health and
preventive medicine, particularly within industrialized countries.

e [ncreased incorporation of business and administrative prac-
tices into prevention and public health service delivery.

While general administrative principles and practices have long
been a part of public health education and program delivery, the
administrative and business emphasis that has swept through most
sectors of Western society has also had a clear impact on public health
practice. The further application of “industrial standards,” quality
improvement techniques, outcome measures, and complex account-
ing practices have changed the vocabulary and skills requisite for
modern public health practice.>* With this has come more emphasis
on outcome measures. The emphases on both practice guidelines and
evidence-based practice have yielded a further orientation toward
both traditional and new outcome measures as indicators of commu-
nity health. More sophisticated measures are in development, and
more comprehensive attempts at program performance monitoring
are occurring. As more sophisticated, detailed, and measurable out-
comes are developed, this monitoring may not only evaluate specific
public health or community programs, but may also work toward

assessing the entire public health, health education, and clinical ser-
vice structure within a community.

e Changes in the definition of the group or population, the fun-
damental unit of public health.

In general, “the population” that is both the target of preventive
and public health programs and interventions has been historically
defined as referring to geographic boundaries, due to their encompass-
ing nature and concordance with governmental jurisdictions. That is, of
course, still the case, but there has also been a trend toward increasing
delivery of comprehensive clinical services to large groups of individ-
uals defined administratively rather than geographically, often referred
to as “managed care.” With the health and programmatic information
available on these groups and the increasing ability to apply and eval-
uate public health and preventive services to them, the fundamental
public health target group is no longer solely defined in the spatial
sense. This has led to the need and opportunity for new partnerships
among various private and public health organizations and agencies in
order to deliver more effective and efficient public health services.’ In
certain respects, this phenomenon has further blurred the boundaries
between community-based programs and clinical, preventive, and
curative services, thus increasing the need to update and redefine the
tasks necessary for complete public health and prevention service
delivery. However, the emergence of these new groups that are pro-
grammatically important and for whom health information is available
has probably served to heighten public health program accountability
to a higher proportion of the general population than ever before.

e Enhanced conceptualization and measurement of personal
health status.

This has taken several forms and, while not totally new, has been
increasingly incorporated into health status assessment. Perhaps the
most important is the increased use of the so-called “quality-of-life”
(QOL) measures.® While the scope and measures of QOL techniques
are not consensual, the supplementation of traditional measures of
morbidity and mortality with measures and indices of symptoms and
syndromes, less well-defined clinical conditions and entities, physi-
cal function and disability, affective states and the behavioral mani-
festations of mental diseases, social functions within and outside the
family, and economic well-being and risk status irrespective of health
status have added importantly to the understanding of health and
optimization of health status. This has changed the meaning and
benchmarks for “healthy communities.”

Copyright © 2008 by The McGraw-Hill Companies, Inc. Click here for terms of use.
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In keeping with the theme of enhanced administration in public
and preventive services, health status measures for groups and indi-
viduals increasingly have become intertwined with the “health” sta-
tus of preventive and curative programs and service delivery units.
That is, the health of members (consumers) of various administered
health-care units (providers) can be partially assessed or inferred by
process measures of the programs themselves, such as rates of vac-
cine delivery or early disease detection programs.

e [ncreased codification and interpretation of scientific findings
relevant to prevention and public health.

One of the early important and continuing exercises in defining
the scientific and evidentiary basis for clinical preventive practice
was performed by what is now the Canadian Task Force on Preven-
tive Health Care’, followed by the continuing reports of the U.S.
Preventive Services Task Force?, and many others. Making explicit
the scientific basis for preventive practices and interventions and
using this evidence to structure practice guidelines has had many
important effects, including (a) placing greater priority on effective
interventions, (b) educating health practitioners on the strengths and
limitations of various interventions, (c) providing one basis for program
evaluation of these effective interventions, and (d) identifying the
research gaps in these preventive and public health interventions.
Parallel tracks of creating guidelines for curative medicine, often
called “evidence-based medicine” have made similar and important
contributions. More recently, a similar effort has been developed
under the banner of “evidence-based public health.””

o Establishment of goals for communities to attain improvement
in health status.

This exercise has been a part of strategic program planning for a
long time, but in the past decade it has been elevated to explicit goal
setting for communities and larger jurisdictions. While national goals
for health status improvement!® may be useful at the local level, most
public health officials and community organizations would rather have
goal setting performed at the local level. This allows engagement of
local professionals and other citizens and takes greater account of local
priorities, needs, and perceptions of the most compelling health prob-
lems to which limited resources should be allocated.

o Application of more advanced community health information
systems.

This takes many forms, but accurate, comprehensive, and timely
community health data are an essential requisite of goal setting and
program performance monitoring. Clinical and public health infor-
mation are both essential and interrelated, raising special issues of
ethics and privacy, as well as access. However, the information rev-
olution should allow better program management and assessment,
and with appropriate controls should serve the prevention and public
health communities in ways not previously possible.!!

In summary, the current era has been a time of clear change for
both preventive medicine and public health. This book attempts to
capture and review these changes for the practitioner and student of
these strategically important disciplines.
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Robert B. Wallace

Epidemiology is the basic science and most fundamental practice of
public health and preventive medicine. We can study health and
disease by observing their effects on individuals, by laboratory inves-
tigation of experimental animals, and by measuring their distribution
in the population. Each of these ways of investigating health and
disease is used by the epidemiologist. Epidemiology is therefore the
scientific foundation for the practice of public health.

The word “epidemiology” comes from epidemic, which trans-
lated literally from the Greek means “upon the people.” Historically,
the earliest concern of the epidemiologist was to investigate, control,
and prevent epidemics. This chapter deals with the scientific princi-
ples that are the foundation of epidemiology. We then address the
sources and characteristics of information used to assess the health of
populations. Next, we discuss the ways this information can be ana-
lyzed. Finally, we show how to use epidemiology in controlling and
preventing health problems.

> HISTORY

Epidemiology has roots in the Bible and in the writings of
Hippocrates, as does much of Western medicine. The Aphorisms of
Hippocrates (fourth to fifth century BC) contain many generalizations
based on prolonged and careful observation of large numbers of
cases. The introductory paragraph of Airs, Waters, Places offers time-
less advice on good environmental epidemiology:

Whoever would study medicine aright must learn of the following
subjects. First he must consider the effect of each season of the year
and the differences between them. Secondly he must study the warm
and the cold winds, both those that are common to every country and
those peculiar to a particular locality. Lastly, the effect of water on
the health must not be forgotten. When, therefore, a physician comes
to a district previously unknown to him, he should consider both its
situation and its aspect to the winds. Similarly, the nature of the water
supply must be considered .... Then think of the soil, whether it be
bare and waterless or thickly covered with vegetation and well-
watered, whether in a hollow and stifling, or exposed and cold. Lastly
consider the life of the inhabitants themselves, are they heavy
drinkers and eaters and consequently unable to stand fatigue or,
being fond of work and exercise, eat wisely but drink sparely?"

Epidemics of infection seriously concerned physicians in
ancient times, although often they could do little more than observe

Note: This is a revision of a chapter from the 14th edition, originally written
by Carl W. Tyler, Jr., and John M. Last; revised by the editor.

the victims and record mortality. Their limited knowledge rarely per-
mitted effective intervention. Until the Renaissance, physicians based
their approach more on impressions than real numbers. John Graunt
is often regarded as the founder of vital statistics. He first published
his numerical methods for examining health problems in Natural and
Political Observations on the Bills of Mortality in 1662. He was the
first to attempt this approach.

Epidemiology was first applied to the control of communicable
diseases and public health through quarantine and isolation, even
though ideas about disease transmission and microbiology and epi-
demiology were rudimentary. Johann Peter Frank, a physician who
became “director-general of public health” (in modern terminology)
to the Hapsburg Empire, systematized and codified many rules for
personal and communal behavior in the eighteenth century. His work
contributed to public health and is published in System einer voll-
standigen medicinischen Polizey (1779).

Careful clinical observation, precise counts of well-defined
cases, and demonstration of relationships between cases and the pop-
ulations in which they occur all combine in the method upon which
epidemiology depends. This method was first developed in the nine-
teenth century. Modern epidemiologists hold John Snow? in high
esteem. He painstakingly collected the facts about sources of drink-
ing water that he related to mortality rates from cholera in London.
This proved a classic demonstration of the mode of transmission
about 30 years before Koch isolated and identified the cholera Vibrio.
Snow’s great contemporary, William Farr,’ defined and clarified
many basic ideas of vital statistics and epidemiology. Among his
most important contributions were the following: (a) the scope of epi-
demiology, (b) the concept of person-years, (c) the relationship
between mortality rate and probability of dying, (d) standardized
mortality ratios, (e) dose-response relationships, (f) herd immunity,
(g) the relationship between incidence and prevalence, and (h) the
concepts of retrospective and prospective study. He also developed
the first effective classification of disease, the direct ancestor of the
nosology that we still use today. Vital Statistics (1885), an edited vol-
ume of excerpts from Farr’s annual reports to the registrar-general, is
perhaps the best textbook of epidemiology ever written, graced by
beautiful writing and well-chosen tables to illustrate the text.

Methods of epidemiological investigation have evolved since
the mid-nineteenth century. The case-control study reentered medi-
cine from the social sciences in the third decade of the twentieth cen-
tury. The cohort study came into use after World War II, as a means
of identifying risks associated with heart disease, lung cancer, and
other emerging public health problems. Epidemiological “experi-
ments” as now conducted in randomized trials are essentially modern
innovations. Statistical methods and electronic computation have
greatly improved epidemiological analysis. Present indications suggest
expanding potential and an exciting future for epidemiology. Population-
based medicine makes community assessment and diagnosis important
for determining the need for health services. An increasingly broad

5
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interface between clinical medicine and epidemiology is called clini-
cal epidemiology. Molecular epidemiology promises to let epidemi-
ologists link genetic and many other biological markers to health con-
ditions, thereby creating new potential approaches to intervention.
Case-control studies are adding rapidly to our understanding of cause-
effect relationships in many chronic and disabling disorders. Epi-
demiological methods can also help in evaluating health services.
What does this brief history of epidemiology teach? First, the
community and environment influence the health of humans, as do
our own inherited characteristics. Second, knowing how a disease is
transmitted permits us to control and prevent it, even though we may
not know the causal agent. Third, even the simplest information about
vital events, illnesses, and populations can detect and analyze epi-
demiological problems. Finally, epidemiology can help find, investi-
gate, analyze, control, and prevent a wide range of health problems.

> DEFINITION

Epidemiology is both the basic science of public health and its most
fundamental practice. Therefore, we need to examine both aspects of
its meaning.

Science

Epidemiology was originally defined as the scientific study of epi-
demics. An epidemic is the occurrence in excess of normal of an ill-
ness, health event, or health-related behavior that occurs in a specific
place or among a group. Reports of cholera by John Snow and
childbed fever by Holmes are among the classic examples. In recent
years, excessive use of tobacco, called by some “the brown plague,”
and the acquired immunodeficiency syndrome (AIDS) are examples
of modern epidemics.

Because the word “epidemic” may lead to chaotic, unreasoned
responses to health problems, journalists use the term more often than
epidemiologists. Other words, such as outbreak and cluster, are
employed by practicing public health professionals to avoid unrea-
soned public response.

In current use, however, the definition of epidemiology is broader
and recognizes the application of this basic science of public health to
the control and prevention of health problems. The following defini-
tion, recently agreed upon by an international panel, is widely accepted:

Epidemiology is the study of the distribution and determinants of
health-related states and events in specified populations and the
application of this study to the control of health problems.*

Some terms in this definition require discussion. Distribution
relates to time, place, and person. The relevant population character-
istics include location, age, sex, and race; occupation and other social
characteristics; living places; susceptibility; and exposure to specific
agents. In addition, the distribution of the exposed cases needs to
examine time as a factor. Relationships in time reveal information
about trends, cyclic or secular patterns, clusters, and intervals from
exposure to inciting factors to the onset of disease.

Determinants include both causes and factors that influence the
risk of disease. Many diseases have a single necessary cause. When
the agent of disease causes a single, specific condition, as occurs with
the tubercle bacillus or the lead in lead-based paint, we know the nec-
essary cause. In addition, there are usually many other determinants.
They fall into two broad groups: (a) host factors that determine the
susceptibility of the individual and (b) environmental factors that
determine the host’s exposure to the specific agent. Host factors
include age, sex, race, genetic or constitutional makeup, physiologic
state, nutritional condition, and previous immunological experience.
Environmental factors include all conditions of living. Among these fac-
tors are family size and composition; crowding; hygienic conditions;
occupation; and geographic, climatic, and seasonal circumstances.

Characteristics of individuals or populations, identified by the term
“lifestyle,” may include such factors as use of tobacco, alcohol, and
automobiles. Past and present environment—including the period of
intrauterine life—may influence exposure and susceptibility to disease.

Practice

The practice of a science is best defined by what the scientist does.
Langmuir points out that, “the basic operation of the epidemiologist is
to count cases and measure the population in which they arise.” The
practice of epidemiology, therefore, is the scientific process that
detects, investigates, and analyzes health problems, followed by
applying this information to the control and prevention of these prob-
lems. This practice requires health problems to be the subject of pub-
lic health surveillance, epidemiological investigation, and analysis.
The findings of this analysis linked to health policy can lead to the con-
trol and prevention programs intended to resolve health problems.
Evaluation of control and prevention is also the responsibility of the
practicing epidemiologist as is the clear and persuasive communica-
tion of the scientific findings to the public, policy makers, and program
staff.

Uses of Epidemiology

The most important use for epidemiology is to improve our under-
standing of health and disease—a goal shared by all the disciplines
and branches of the biomedical sciences. Morris® defined seven uses
of epidemiology: historical study, community assessment, working
of health services, individual risks and chances, completing the clin-
ical picture, identification of syndromes, and the search for causes
(Table 2-1). Each deserves brief comment.

Historical Study

The classic question “Is health improving?”” can be answered only by
comparing experience (rates) over time; this is one essential routine
activity in all health services. Sometimes when the data are closely
examined, unexpected trends appear. For example, asthma deaths
increased unexpectedly in children and young adults in Britain and
other countries in the 1950s, and continued to increase into the mid-
1960s, before the cause—self-use of isoprenaline nebulizers—was
discovered. Removing the offending product from the market halted
the unfortunate trend.

Community Assessment

What are the health problems? This question can be answered in
many ways. For example, what proportion of school children have
become regular cigarette smokers by various stages of their progress
through school? Or what proportion of people always or never use
seat belts when driving or riding in cars? Answers to such questions

TABLE 2-1. USES OF EPIDEMIOLOGY

Historical study: is community health getting better or worse?
Community assessment: what actual and potential health problems
are there?
Working of health services
Efficacy
Effectiveness
Efficiency
Individual risk and chances
Actuarial risks
Health hazard appraisal
Completing the clinical picture: different presentations of a disease
Identification of syndromes: “lumping and splitting”
Search for causes: case-control and cohort studies
Evaluation of presenting symptoms and signs
Clinical decision analysis




have prognostic and also diagnostic value. Community assessment
makes it possible to predict the impact of future health problems by
known effects of many risk factors.

The Search for Causes

This is the most obvious use for epidemiology. Most hypothesis-
testing studies (discussed later) have the primary aim of identifying
causal factors, or at least of risk factors for disease. This chapter cites
many examples of such studies.

Working of Health Services

Are all needed services available, accessible, and used appropriately?
Are children receiving necessary immunizations? Can pregnant
women begin prenatal care before the end of the first trimester of
pregnancy? Do known contacts of persons with sexually transmitted
diseases receive follow-up and treatment? Information on these and
many other questions is often gathered routinely or by special survey.
Health service administrators should not only always think of these
simple routine questions, but should be alert to less obvious potential
gaps in coverage. For example, the census will state the numbers of
elderly persons who live alone. Is all or only a small portion of these
known to the public health nurses and others who provide home sur-
veillance and care?

Individual Chances

What is the risk that a person will die before the next birthday? Actu-
aries who evaluate the risks for persons seeking life insurance have
calculated answers based on probabilities derived from experience.
This has become a prominent activity of epidemiologists who work
on risk assessment and has led to many new insights, for example,
about occupational and environmental risks and the hazards associ-
ated with immunizations.”

Identification of Syndromes

Epidemiologists are called “lumpers and splitters™ because epidemio-
logical investigations sometimes make it possible to group together
several differing manifestations of a condition or to separate seemingly
identical diseases into more than one category. The latter are more com-
mon than the former; examples include the differentiation of hepatitis
A from hepatitis B and the distinction between several varieties of
childhood leukemia. Examples of “lumping” include the identification
of many manifestations of tuberculosis. At one time, each group of
symptoms and signs had a different name, such as phthisis, consump-
tion, or pleurisy. Addiction to tobacco is the underlying cause of a vari-
ety of outcomes. Among them are respiratory cancers, chronic obstruc-
tive pulmonary disease, and a portion of the risk of coronary heart
disease. All these conditions could result from “tobaccoism.”

Completing the Clinical Picture

One of Morris’ original illustrations of this use for epidemiology was
the demonstration that myocardial infarction occurs commonly in
women as well as in men. An important difference is that this
condition occurs in women at older ages and presents more often as
“ruptured ventricle”; this causes sudden death. Last used the tech-
nique of “completing the clinical picture” to construct a model® of
what might occur in the average general practice population. In the
course of a year, facts known and seen by the physician may be
amplified by epidemiological study even though they might be
unidentified, undiagnosed, or in a single practitioner’s experience and
only the submerged part of the iceberg of disease.

Other Uses

Clinical epidemiologists have defined other uses for epidemiology
that do not fit any of Morris’s original seven uses. One important use
is the evaluation of presenting symptoms and signs of disease. Ana-
lyzing the data in hospital charts and relating symptoms and com-
plaints to final diagnoses makes it possible for an epidemiologist to
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study clinical outcomes, including assessing the adverse effects of
therapy. A related use is clinical decision analysis.’ This technique is
a rigorous quantitative method used to decide the best method of
managing patients with particular diseases. This procedure involves
the use of decision trees. Decision trees are algorithms in which the
probability of an outcome for each different decision is predicted
based on clinical experience.

Epidemiological Method

Epidemiologists use a wide range of scientific information, including
clinical findings, laboratory data, and field observations. In the end,
it is the reasoning of the epidemiologist that ties these facts together.
This reasoning is the logic behind disease control and prevention
measures.

Epidemiological reasoning is fundamental and straightforward.
First, we define events or clinical cases using careful, specific, and
objective observations. Next, we count these events or cases and ori-
ent them to time, place, and person. Then we determine the population
at risk and calculate rates of occurrences for the events or clinical
cases. This requires the use of nothing more complicated than long
division. We put the events or cases in the numerator according to their
relevant characteristics. The next step involves using a denominator of
the portion of the population at risk and characterizing this group in
the same way as those in the numerator are characterized. At this point,
we calculate rates of occurrence in the group of cases. These rates are
then compared with the rates of occurrence in other population groups.
Finally, using this information, we draw inferences about the events
that define the health problem and the agent or agents that cause it.
These rates also provide information about the host and the environ-
mental factors that influence the risk of occurrence and the transmis-
sion of the health problem. Using this information and collaborating
with other health professionals, we propose control measures and then
continue the observations required to assess the control program.

In identifying a health problem or case, many kinds of clinical
examination may be employed. The patient’s history may reveal
information about exposure to risk, incubation period, susceptibility,
occupation, residence, course of disease, or other factors. Physical
examination can classify individuals not only about whether they
have the condition under study, but as to type, stage, and duration of
disease. Laboratory tests are valuable for a similar purpose. In addi-
tion, they are essential in revealing clinically inapparent cases, and
they often shed light on the pathogenesis of the condition. Field
observations are the sine qua non of the epidemiological method.

Viral hepatitis is an example of the ways that clinical, laboratory,
and field studies can interlock. Epidemic jaundice, mentioned by
Hippocrates, has occurred in wars from ancient times to the present.
Medical investigators used needle biopsies, a technique developed
in the 1940s, to show generalized parenchymal inflammation accom-
panied the acute disease. Epidemiological studies soon distinguished
hepatitis A (“infectious hepatitis”) from hepatitis B (“syringe
jaundice”). Both were shown to be due to filterable agents, presum-
ably viruses. However, hepatitis A had the epidemiological features
of a fecal-oral transmission. Hepatitis B, on the other hand, was
clearly blood borne and transmitted by inadequately sterilized hypo-
dermic needles or other medical equipment. No cross-immunity pro-
tected people with one form of hepatitis from the other. Subsequent
studies showed further differences. Hepatitis A had a shorter incuba-
tion period, was more contagious, and had a briefer period of abnormal
serum transaminase activity than did hepatitis B.!° Later epidemiolog-
ical studies revealed the pattern of sexual transmission of hepatitis B
among male homosexuals. In 1965, Blumberg and colleagues found
Australia antigen in the serum of patients who had multiple trans-
fusions and, in 1967, this was unequivocally associated with hepatitis
B.!! Subsequently, Blumberg received the Nobel Prize for his work.
In 1970, Dane and coworkers'? identified and described the virus,
and in 1971, Almeida and colleagues'3 found that the surface parti-
cles, hepatitis B surface antigen (HBsAg), represented Australia
antigen. HBsAg was extremely valuable in screening carriers for
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hepatitis B and in developing a vaccine. Vaccines developed inde-
pendently in the late 1970s in France and in the United States have
been rigorously tested in laboratory and field trials. Both are of
proven efficacy and safety in preventing hepatitis B in susceptible
individuals. Among their users are health professionals, patients in
renal dialysis units, infants born to mothers carrying hepatitis B, and
men who have sex with men (MSM). The virus of hepatitis A was
identified in 1973 and successfully grown in tissue culture in 1979.
This led to preparation of hepatitis A viral antigen, paving the way
for serological tests for hepatitis A antibody. Detection of this antibody,
found in some 70% of adult urban Americans, suggested a high
prevalence of subclinical cases. Vaccine preparation was made pos-
sible by such advances. As hygiene and sanitation improve, infants
and children are spared. The result is that more serious cases occur
among adults in contrast to the previous pattern of subclinical and
mild cases among children. Vaccination against the disease is therefore
more desirable than ever.

Epidemiological features of hepatitis B among MSM have been
a useful model to follow in the investigation of AIDS. Both condi-
tions have the same pattern of distribution in this subset of the popu-
lation. Case-control studies have shown that many persons who con-
tract AIDS, like hepatitis B, are MSM who engage in anal intercourse
and have many partners.'*

The tools employed in this illustration of the epidemiological
method are clinical, immunological, microbiological, pathological,
demographic, sociological, and statistical. None of these approaches
is uniquely epidemiological; it is their employment in particular ways
with particular objectives that is the epidemiological method.

In epidemiology, unlike in clinical medicine, the concern is not
with individual cases but with all the cases in a defined population.
Furthermore, the entire range of manifestations of the condition must
be considered in relation to the population from which the cases arise.

Epidemiological Sequence

An orderly sequence characterizes epidemiology: observing, counting
cases, relating cases to the population at risk, making comparisons,
making scientific inferences, developing the hypothesis, testing the
hypothesis, experimenting and intervening, and evaluating. This
sequence describes the actions we take whenever a “new” condition
occurs. The relationship between cigarette smoking and lung cancer
illustrates the stages in this epidemiological sequence.

1. Observing. Scientific observations on smoking and cancer
appeared in the Journal of the American Medical Associa-
tion" in 1920 and in the New England Journal of Medicine'®
in 1928. In the following decade, Science documented that
smokers had a shorter life expectancy than did nonsmokers."”
Counting Cases or Events. Vital statistics trends showed an
increase in deaths caused by lung cancer in the United States
beginning in the 1930s.

Relating Cases or Events to the Population at Risk. Increased
death rates from lung cancer reported in national vital statis-
tics attracted the attention of health department officials.
Registrars of vital statistics in countries where smoking was
an established lifestyle characteristic reported a similar trend.
Making Comparisons. Studies of British physicians reported
by Doll and Hill'® and of contacts of American Cancer Soci-
ety volunteers reported by Hammond and Horn'® in the 1950s
provided definitive comparisons between smoking and lung
cancer. (In addition to identifying this threat to the health of
the public, the studies of Doll and Hill established the con-
temporary criteria for epidemiological associations.?’)

5. Developing the Hypothesis. Since cigarette smoke contains
more than 2,500 chemical components, some of which are
carcinogenic in animals,?! only a small logical step was
required to go from inference to hypothesis.

Testing the Hypothesis. The hypothesis that smoking caused
lung cancer lent itself to testing by means of a case-control
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study. A small case-control study done in Germany during
1938-1939 was overlooked in the turmoil of World War II.
Epidemiological studies designed to test the hypothesis were
conducted in postwar Britain by Doll and Hill'® and in the
United States by Hammond and Horn.'” Both studies showed
consistent relationships between the present occurrence of
lung cancer and a history of cigarette smoking, with a dose-
response relationship. Subsequent case-control studies pro-
duced similar results. Reports of cohort studies soon fol-
lowed. Both kinds of investigations confirmed the association
and demonstrated other adverse effects.”

7. Making Scientific Inferences. Several observations led to valid
scientific inferences about the association of tobacco smoking
and lung cancer. Among them were (a) clinical observations,
(b) national trends in mortality from several countries asso-
ciated with the increased prevalence of cigarette smoking,
(c) epidemiological comparisons made in large groups repre-
senting different segments of national populations in more
than one country, and (d) the biological effects of tobacco
smoke. All of these observations led to the inference that
smoking increased the risk of dying from this disease.

8. Conducting Experimental Studies. Laboratory animal studies
with beagles showed that exposure to tobacco smoke pro-
duces the precancerous lesions followed by squamous cell
carcinoma in both animals and humans.

9. Intervening and Evaluating. Action by public health and vol-
untary health agencies reduced cigarette smoking rates. A
decline in mortality trends in smoking-related causes in the
United States and other countries followed this reduction. One
of the most important steps in this process was the issuance in
1964 of the first Surgeon General’s Report on Smoking and
Health. These reports continue, and in 2006 an important
report on the harms of secondhand smoke was issued.

> FOUNDATIONS OF EPIDEMIOLOGICAL PRACTICE

Putting the epidemiological method into practice requires skill in a
unique set of tasks.

Surveillance

Surveillance as an element of epidemiological practice is “the ongo-
ing systematic collection, analysis, and interpretation of health data
essential to the planning, implementation, and evaluation of public
health practice, closely integrated with the timely dissemination of
these data to those who need to know. The final link in the surveillance
chain is the application of these data to prevention and control.” This
definition is part of the plan for the national coordination of disease
surveillance of the Centers for Disease Control and Prevention
(CDC).» 1t is based in part on the one proposed by Langmuir in 1963.%

The surveillance of public health problems is the first important
task for the practicing epidemiologist, because it is the means for
detecting problems for the life of the surveillance system. Public
health surveillance uses established data collection procedures and
sets. This approach uses a minimum of data items and is intended to
detect changes in the occurrence of health events in time to control and
prevent health problems. Health problems can therefore be detected
and confirmed quickly and intervention initiated. Surveillance focuses
on descriptive information that is analyzed according to time trends
and the rates of occurrence estimated. These findings are fed back to
the health personnel who originated the data. Health policy makers
who need this information also receive reports of these findings.

Investigation

Surveillance information can trigger epidemiological investigations
by public health surveillance reports. Epidemiological investigations



can begin because of any of a number of other initiating events, such
as news articles, phone calls, or other health departments or col-
leagues with similar responsibilities.

The investigation of an epidemiological problem, whether it is
an epidemic of acute infection or a long-term condition such as can-
cer, begins with careful observation and a detailed description. The
basic steps of an epidemiological investigation are discussed below.

Analysis

The analysis of epidemiological data goes through a series of orderly
steps, beginning with a careful and detailed description of cases or
events. The description ought to include direct observations of per-
sons influenced by the health event. In addition, the environment in
which they live and work, the risk factors related to the event, and
information about the agents that might have caused the health prob-
lem require careful description. The observations need to be quanti-
fied. The analysis progresses to comparison groups. The epidemiolo-
gist then compares occurrence rates among groups according to
specific characteristics of the groups, that is, looking for a dose-
response relationship, and may ultimately reach the point of complex
and sophisticated quantitative analysis.

Evaluation

Evaluation addresses well-defined problems, such as the effectiveness
of a drug or vaccine. It involves the assessment of a problem-solving
action. Consequently, the first essential step is a detailed description
of the problem and the action intended to solve it. Evaluation includes
the assessment of the effectiveness of specific agents. In addition,
evaluation can assess contraceptive effectiveness, smallpox eradica-
tion, or the effectiveness of screening for cervical cancer.

Other Essential Tasks

Communication, information systems, management, including team
building and human relations, and consultation are essential but not
unique to the practice of epidemiology.

Communication

Communicating epidemiological information clearly and persua-
sively is essential to effective practice. Just as a clinician must per-
suade a patient to take pills or undergo surgery, an epidemiologist
must persuade professional colleagues, public officials, and the pub-
lic that epidemiological findings warrant action to control and prevent
a health problem.

Information Systems
Please see the chapter on public health informatics in this section.

Management and Teamwork

Epidemiologists also need to develop management skills because
they rarely work alone. Even in the investigation of a small outbreak,
the assistance of a public health nurse may be essential. Subsequent
analytic work often requires collaboration with statistical personnel,
computer staff, or secretarial professionals. In these circumstances,
epidemiologists need to understand the basic concepts of manage-
ment, beginning with planning and including organizing, team build-
ing, directing, and evaluating management.

Human relations are a key part of every management process.
Epidemiologists cannot ignore these relationships. Practice and
observation are the best ways to learn these skills. Many health profes-
sionals deal with human relations in a clinical, patient-to-professional
situation. Epidemiological practice requires working in teams, although
essential team members may not be professionals. Nonetheless, their
skills are indispensable to conducting epidemiological work, and they
deserve respect.
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Consultation

Consultation with colleagues in epidemiology, other fields of public
health, clinical medicine, or public groups is part of the professional
practice. Consultation requires a special kind of communication skill;
it is difficult to offer scientifically sound advice in a persuasive yet
dispassionate manner.

Presentation Skills

The ability to present epidemiological information to professional
and public groups is as much a part of epidemiology as doing a case
count or computing a relative risk. This skill differs from that of con-
sultation because a presentation is most often a single event in which
an epidemiologist discusses the investigation, often presenting com-
plex information orally and visually to a large group. Consultation,
on the other hand, is a process that requires information gathering,
often involves interviewing, and may conclude with a presentation.
Distinguishing between these two is important because of the empha-
sis of skill in presentation. Without this skill, important epidemio-
logical work may have little health or scientific impact.

Relationship to Other Public Health Professions

The unique discipline of epidemiology interacts with a host of other
professions.

Statistics

Statistics is closely allied to epidemiology. Epidemiologists need to
know enough statistics to calculate rates and to decide how likely it
is that differences in comparison groups could be due to chance. Sta-
tisticians support epidemiological studies in many ways, for example,
helping determine sample size, choosing samples, ensuring data qual-
ity, selecting the correct approach to complex analysis, and interpret-
ing findings.

Laboratory Science

Laboratory science is often the key to correctly identifying a disease
agent and an environmental exposure. Microbiologists, immunolo-
gists, toxicologists, biochemists, and behavioral and survey research
scientists all contribute to epidemiological investigations. Laboratory
determinations help characterize host susceptibility and assess carrier
and preclinical disease states. Perhaps most important, the laboratory
provides the greatest predictive capability possible in arriving at a
case definition.

Health Policy

Epidemiologists optimize their contribution to public health when the
problems they address influence health policy. Policy decisions often
seem remote from the practice of epidemiology because epidemiolo-
gists may equate policy with politics. However, epidemiologists
influence policy to some degree almost every time they issue a report.

Health Service and Program Management

Epidemiology often provides health service programs and provides
the information that sets the standards of care. Epidemiological eval-
uation of effectiveness may determine the product used in nationwide
programs and the schedule for administering preventive agents, such
as vaccines, or conducting screening examinations, such as cervical
cancer screening with cytology.

» SURVEILLANCE

Definition

Because it often marks the beginning of the epidemiological sequence,
the definition of surveillance warrants reinforcement. “Surveillance is
the ongoing systematic collection, analysis, and interpretation of
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health data essential to the planning, implementation, and evalua-
tion of public health practice, closely integrated with the timely dis-
semination of these data to those who need to know.”?} Implicit in
this definition is a link between surveillance and prevention and
control efforts. This link leads to the formation of a cycle. This
cycle brings together the evaluation of prevention and control and
the detection of subsequent epidemics through the continued col-
lection, analysis, and interpretation of data into a system of public
health surveillance.

While the concept of surveillance in epidemiology goes back
centuries—at least to Graunt and Farr—the practice of surveillance
continues to evolve. Its most important modern milestone was the
clear and precise definition given to this practice by Langmuir in
1963. He stated that surveillance was “the continued watchfulness
over the distribution and trends of occurrence through the systematic
collection, consolidation, and evaluation of morbidity and mortality
reports and other relevant data,””* and the reporting of this informa-
tion to all of those who needed to know, implicitly including health
officials, clinical physicians, and the public.

One instance in which surveillance influenced public health and
helped control an epidemic is AIDS, as it was discovered in Los
Angeles County. A more detailed account at the end of this section
describes how a health department epidemiologist detected the first
cluster of cases reported from that area.

Surveillance is not the same as epidemiological research. The
CDC definition explicitly points out the need for timeliness and for
dissemination, while it clearly links surveillance to public health
action. While surveillance may identify problems in need of research,
it is a problem-finding process with an immediate relationship to pub-
lic health action, rather than a problem-solving process.

Surveillance systems provide information for urgent as well as
routine action. In that sense they also differ from health information
systems. Health information systems include the registration of births
and deaths, the routine abstraction of hospital records, and general
health surveys. Most often these systems differ from surveillance sys-
tems. Health information systems may report findings episodically
rather than at regular intervals. In addition, reports of this information
may describe events not related to specific deadlines, or they may not
relate to the prevention or control of a specific health problem.
Nonetheless, data from health information systems are important
components of the practice of surveillance depending on how the
information is used. Birth weight recorded on a birth certificate, for
example, is important because it is essential information in doing sur-
veillance for the birth of premature infants.

Purpose

In the practice of epidemiology and public health, surveillance has the
following three generic purposes: (a) surveillance may identify pub-
lic health problems, (b) surveillance may stimulate public health
intervention, and (c) surveillance may suggest hypotheses for epi-
demiological research. More specifically, surveillance data can serve
a host of important public health functions. Among them is the detec-
tion of epidemics, including significant individual cases, such as bot-
ulism, in which a single event triggers public health action. In addi-
tion, surveillance data can pick up changes in long-term trends. The
use of laboratory data for surveillance can detect changes in disease
agents. Intervention programs often use surveillance data to plan and
set program priorities and to evaluate the effects of public health pro-
grams. Information from surveillance systems helps to project the
occurrence of health problems in the future, as has been reported con-
cerning the HIV/AIDS epidemic.

To ensure that a surveillance system fulfills its purpose, the
problem a surveillance system addresses needs a clear definition.
Objectives for the system should establish the case (or the event)
definition and the times and details for issuing surveillance reports.
Because of its role in initiating public health action, Thacker and
Berkelman propose that this practice be called “public health
surveillance”? rather than epidemiological surveillance.

Surveillance Cycle

Public health surveillance embodies a systematic cycle of public
health actions. The cycle includes (a) collection of pertinent data in a
regular, frequent, and timely manner; (b) its orderly consolidation,
evaluation, and descriptive interpretation; and (c¢) prompt distribution
of the findings (Table 2-2). Dissemination must focus on the distrib-
ution of information. Two groups must receive these data. Of first
importance are those who provided the data. They will need to con-
firm or correct the data. Next are those who take action on the data.
The cycle is ongoing. Updating and correcting the data is essential
because new information may require a change in the response of the
public health system. Under rare circumstances, surveillance may be
ended, as was done when smallpox was eradicated, because the pub-
lic health problem under surveillance is resolved.

The surveillance cycle is applicable to a wide range of public
health problems, depending on the purpose and objective of the sys-
tem. Initially, surveillance focused on the detection of epidemics and
the characterization of seasonal fluctuations in infections. Now, the
surveillance cycle is also used for injury control, a select group of
cancers, certain cardiovascular diseases, and high-risk and unin-
tended pregnancies, to cite a few illustrations.

Characteristics of a Surveillance System

An effective system of public health surveillance has seven essential
attributes:

1. Simplicity

2. Acceptability

3. Sensitivity

4. Timeliness

5. High predictive value positive (PVP)
6. Flexibility

7. Representativeness

What do these terms mean when put in the day-to-day practice
of epidemiology? Simplicity is the characteristic of being clear and
easily understood, rather than complex and difficult to understand.
Uncomplicated data are easier to maintain, aggregate, interpret, and
distribute promptly. Acceptability refers to the attribute of being
straightforward and free from unintended emotional content. This is
a special problem for health problems such as surveillance of abor-
tion or sexually transmitted infections. Acceptability is essential
because most public health surveillance systems rely on the cooper-
ation of individuals and organizations to provide objective, unbiased
data. Sensitivity is a term most often used in connection with screen-
ing tests, such as Pap smears. Sensitivity measures the likelihood that

TABLE 2-2. THE SURVEILLANCE CYCLE

Collection of data
Pertinent
Standardized
Regular
Frequent
Timely
Consolidation and interpretation
Orderly
Descriptive
Evaluative
Timely
Dissemination
Prompt
All who need to know
Data providers
Action takers
Action to control and prevent




a diagnosis of a health problem is correct. This is important in the
practice of surveillance because public health surveillance serves as
a way to screen for health problems in a community. Just as screen-
ing tests must be highly sensitive if they are to detect abnormalities,
a public health surveillance system must be highly sensitive. A sen-
sitive system can detect and characterize epidemics, as well as sea-
sonal and long-term trends. A surveillance system must also have a
high PVP. PVP is another term associated with screening. PVP, when
used for a surveillance system, means that those persons reported to
have the condition under surveillance have a very high probability of
actually having that condition. A system with a low PVP wastes valu-
able public resources by collecting inadequate data and by requiring
unproductive effort on incorrectly identified epidemics. Timeliness
refers to the fact that data are reported promptly after they are gath-
ered. Surveillance data are important and cannot remain at the point
of collection without being sent to the place where data are being
edited and analyzed. This is a key characteristic of a surveillance sys-
tem for two reasons. First, reports based on information obtained need
distribution with a very short lag time. Prompt action is necessary to
halt additional morbidity or mortality quickly. Second, data collec-
tion and processing must be regular and prompt. Punctual editing and
revision improve the quality and consistency of the data that are
essential to decision-making information. Flexibility refers to the
need for a surveillance system to be versatile and adaptable. This
characteristic is important because such systems are often called upon
to adapt to new health problems. For example, when penicillinase-
producing Neisseria gonorrhoeae infections were first detected and
the first clusters of AIDS cases discovered, surveillance documented
the spread and transmission of these new epidemics. Finally, surveil-
lance systems must accurately represent the health status of the com-
munity, that is, the system needs to be representative. Data collected
by the system need to correctly portray the occurrence of health
events over time. They must characterize geographic distribution and
characterize the problem in the population.?

Data Sources

Vital Statistics

Information about births and deaths, that is, vital events, has been col-
lected, classified, and published at least since the middle of the seven-
teenth century in several European countries. Now the International
Statistical Classification of Diseases and Related Health Problems*
provides the standard nomenclature that categorizes causes of death,
disease, and injury.

Mortality. Death is, for the epidemiologist, the least equivocal mea-
sure of ill health. A death certificate is a public document of legal,
medical, and health importance. It provides information about time,
date, and place of death; place of residence; sex, race, birth date,
birthplace; marital status and usual occupation; and also cause of
death for each individual. It is the basic document for determining the
number of deaths, calculating death rates, and estimating the proba-
bility of mortality and life expectancy by each variable included on
the death certificate.

In developed countries, the occurrence of mortality in a popula-
tion is almost completely reported, but specific items on the death cer-
tificate may not be accurate. Sex and age are recorded with close to
100% accuracy, but race, marital status, and occupation are not. The
greatest problems arise in certifying the cause of death. While most
people who die of an injury or of cancer have their cause of death cor-
rectly certified, persons who die of other causes may not. Cause-of-
death certification may change according to current medical interests,
perceptions, and philosophies. Moreover, autopsy information
received after the death certificate is completed may not appear on the
official certificate. The result is that secular and international compar-
isons are difficult. Some conditions may be difficult to study unless
the cause of death is confirmed by interviewing individuals who know
the decedent. Other conditions require a review of medical records, or
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verification of death certificate information through comparison with
autopsy reports.

Fertility. Information from birth certificates is increasingly important
as epidemiologists turn more to the reproductive health problems.
These documents characterize births by sex of the infant, place of res-
idence, place of occurrence, birth date, birth weight, length of gesta-
tion, and other characteristics of both parents. Birth data are essential
to estimating pregnancy rates and perinatal, neonatal, and infant mor-
tality. They are also often the most appropriate denominators in esti-
mating the occurrence of events, such as rates of birth defects.

Birth registration is more complete than death registration.
Nonetheless, some items are not as well reported as others. Informa-
tion that is not reported fully deserves special care when used for epi-
demiological study. Among these items are race, ethnicity, marital
status, and length of gestation.

Other Certified Events. Marriage and divorce are legally certifiable
events that are often related to health. They describe changing char-
acteristics of human populations and human relationships.

Vital Record Linkage. Vital record linkage provides a broad base
of information important to the practice of public health. By linking
birth and infant or maternal death certificates, for example, describ-
ing trends in detail is possible. Record linkage enables trends to be
examined over long periods and broad geographic areas.

In the past, health data for individuals in one set could not be
related to individuals in a population in another data set. For exam-
ple, hospital discharge statistics cannot be linked to death certificates.
Thus, information for patients receiving a new treatment might be lost
unless hospital discharge data were linked to death certificates. In
working with birth certificates, relating information in birth certifi-
cates to information on infant death certificates is often impossible.
This can be true of infants even when birth and death both occur on
the same day, let alone when it occurs many months later. A method
is needed to assemble and connect, or link, data in different sets. If,
for example, data in medical charts were connected with data in birth
and death certificates, epidemiological studies of birth factors associ-
ated with premature mortality might be possible. This procedure must
ensure that the same individual is counted only once. The term record
linkage describes this method and procedure.?

The result is among the most powerful tools available for epi-
demiological studies. There are three prerequisites. They are: (a) the
unique identification of individuals even if they change their names,
(b) a method of abstracting and storing relevant health and vital
information, and (c) a technique for matching information from dif-
ferent sites and settings over long periods. The final step is output of
statistical tables. Record linkage systems with these qualities have
been operational for many years in the Oxford region of England, in
Scotland, in Sweden, and in Canada.

A record linkage system makes it possible to relate significant
health events that are remote from one another in time and place. For
example, a patient who received a particular antibiotic drug may be
treated elsewhere at some future time for a blood dyscrasia caused by
the antibiotic. In a different situation, a worker employed for a short
time in the nuclear energy industry may die of cancer. The death may
occur many years and several occupations later. As an isolated
sequence, this would have no significance. However, if appropriate
analytic techniques are used to analyze large data files in a compre-
hensive linked record system, many such sequences can be identified.
Record linkage makes it possible to discover significant associations
between events and their underlying cause. An important advantage
of epidemiological studies that use record linkage is the very large
numbers of observations available.

Record linkage studies have successfully identified previously
unknown or doubtful occupational cancers,? and can assess other
occupational risks, for example, exposure to formaldehyde.’® They
have made it possible to calculate the risks associated with exposure
to ionizing radiation, both in medical and in occupational settings.3!-3?
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The epidemiological method is a form of historical cohort study (see
below). The investigation usually begins by using personal identifiers
to identify those individuals in a population exposed to the risk that
is under examination. Past medical records or records from places
people have worked can determine the kind and level of exposure.
The computer file mortality database is searched to find the causes of
death of these individuals whose cause-specific death rates can then
be calculated. Computer files for death certificates can verify the
identity of individuals in the study. This and certain other aspects of
the method require access to personal information that is normally
strictly confidential. Access to this information is limited to staff who
have signed an oath to preserve the confidentiality of the documents.

In Canada, the national mortality database is the central element
in many successful record linkage studies. Details of all deaths in
Canada since 1950—personal identifying information and cause of
death—have been coded and stored electronically. All the death cer-
tificates are preserved.

Canada has made effective use of record linkage, in part, by
using simple, standard, readily available documents for the origin of
the data. If all items of information are available from two sources,
for example, a past medical record or employment history and a death
certificate, the two can be matched precisely. This gives an extremely
high probability that they relate to the same individual.

Similar procedures to set up a national mortality database began
in the United States in 1979. The system in the United States, the
National Death Index (NDI), uses magnetic tapes of death records
sent to the National Center for Health Statistics (NCHS) by the indi-
vidual states. These tapes contain standard identifying information.
Among the items are the decedent’s first and last names and middle
initials, father’s last name (especially for females), social security
number, birth date, sex, state of birth and of residence, marital status,
race, and age at death. Names can be matched with other records to
be linked with NDI records either by exact spelling or Soundex Code.
Soundex is a system based upon phonetic spelling that is effective in
other record linkage systems.

Health Reports

Estimates of morbidity, particularly those for infectious disease
reporting, are based on a national system of notifiable diseases that
has operated in the United States since 1920. Reports from physicians
sent through health departments to CDC make up most of the entries
in this database, but information provided by clinics, health systems,
hospitals, and laboratories is also important. This approach to sur-
veillance has proved effective in characterizing seasonal trends,
showing temporal relationships to explain trends, and detecting epi-
demics, although notification of this kind is incomplete. The current
program of measles elimination proves this point in its use of sur-
veillance to detect and control outbreaks. Thacker and Berkelman?®
cite a series of national surveillance systems that include some of
those mentioned above and also others that are based on information
from medical examiners, emergency rooms, and public clinics.

Hospital Records
More than 100 years have passed since Florence Nightingale® effec-
tively used hospital statistics to point out the serious problems faced by
patients in hospitals. Subsequently, hospital records have proved essen-
tial to the acquisition of clinical data, demographic information, socio-
logical data, information about the quality of medical care, economic
data, and administrative information such as the site of care and type of
service. Few data sources offer such a rich spectrum of information.
Nonetheless, hospitals and other clinical records have unique
problems. Items of key importance to studies of past events may not
have been collected consistently or at the same level of accuracy, and
there may be problems in legibility and interpretation. In some insti-
tutions, retrieving the entire record for a given individual may not be
possible; there are legal and ethical restrictions in many jurisdictions.
Summary information about hospital discharges can be analyzed
from survey data. The National Hospital Discharge Survey (NHDS)

has been published in the United States every year since 1965. These
data have been used for many purposes, including epidemiological
study.**3 NHDS is based on a stratified probability sample of dis-
charges. Since not all strata are represented in the same way, interpre-
tation of NHDS reports requires a detailed understanding of sampling
procedures. Other hospital discharge abstraction systems also exist.
Data from programs managed by the U.S. Center for Medicare and
Medicaid Services (CMS) are based in part on financial information
taken from hospital bills. Because each state in the United States has
an individual plan for each of these programs, data from CMS pro-
grams must be interpreted based on a detailed understanding of the
database.

Disease Registries

There are two kinds of registries: (a) population-based and (b) others.
Population-based registries provide the data most useful for epidemi-
ological purposes. This kind of registry has information about all
cases of specific disease in a geographically defined area that relates
to a specific population. Data of this kind can be used to calculate
rates of occurrence and are also useful for estimating survival rates
and rates of disease progression and of mortality from a specific
cause. The Surveillance, Epidemiology, and End Results (SEER)
centers supported by the U.S. National Cancer Institute illustrate this
kind of population-based registry for cancer.

Disease-case registries are most often kept at a hospital, health
system, or treatment facility. They provide detailed documentation of
patients with specific conditions cared for in that facility, but they are
not usually population-based for two reasons. First, rarely does a sin-
gle facility discover all of the cases that occur in a specific area. In
addition, a population residing in the catchment area for a health-care
facility is even more rarely counted or characterized in detail.

Health Surveys

Health surveys provide extremely valuable information. In the
United States, CDC’s NCHS has conducted nationwide household
interview surveys since 1957. These interviews are taken from a
probability sample of the civilian population of the United States who
are not residing in institutions. They are carried out on a recurring
basis and gather a core of information on disability, the characteris-
tics of health problems, and the kinds of care the respondent has
undergone. In addition, detailed questions are added to each survey to
explore health problems related to a specific system of the body or
group of diseases in greater depth. Two of the most important are the
National Health Interview Survey, which is a health interview, and the
National Health and Nutrition Examination Survey. These surveys are
in the field continuously and findings available through CDC’s NCHS.

Also, recognizing the importance of information about health-
care services and utilization to population health, NCHS now con-
ducts the National Ambulatory Medical Care Survey (NAMCS), the
NHDS, and the National Nursing Home Survey. Information about
health-care facilities, including family planning clinics, and surveys
of the health-care workforce are now part of the spectrum of NCHS
surveys.3637

The need for information about risk factors related to chronic
diseases led the CDC to initiate the Behavioral Risk Factor Surveil-
lance System (BRFSS).* This system uses telephone interviews to
collect information about chronic disease risk factors such as obesity,
treatment for blood pressure, alcohol use, and exercise. The monthly
collection of information about these risk factors permits the charac-
terization of seasonal variations and long-term trends. Perhaps most
important, this system gives health professionals and the public cur-
rent information about these risk factors.

The National Survey of Family Growth (NSFG) conducted by
NCHS assesses the use of family planning services, contraceptive prac-
tice, and surgical sterilization.*® It also gathers information about the
determinants of family size and composition. Information from this
survey has proved useful in epidemiological studies of human repro-
duction and the safety of widely used methods of fertility control.



Data Collection

Public health surveillance relies on three approaches to data collection.

1. The first is used in urgent situations, such as an active and
ongoing epidemic. Under these circumstances, health agen-
cies initiate surveillance by contacting those data sources
most likely to have current information. Called by some
“active” surveillance, this approach ensures that reporting
will be timely and characterized by simplicity, acceptability,
and sensitivity. This approach has the possibility of sacri-
ficing representativeness by weighting responses toward a
preselected group of reporting sources. It may also limit the
predictive value if reporters need to identify cases before the
diagnostic workup is complete, thereby leading to the report-
ing of cases that do not fulfill the definition.

Provider-based data collection is the approach most fre-
quently used by the national notifiable disease surveillance
system. Referred to by some as “passive” surveillance, this
approach is simple, acceptable, and flexible. It is rarely as
sensitive as health agency-based surveillance, and it may not
be timely or representative. Nonetheless, its value in describ-
ing seasonal and long-range trends and promoting the detec-
tion of epidemics has withstood the test of time for public
health professionals.

Finally, the sentinel approach has its roots in the surveillance
of occupational health problems and is now being applied
more widely. The use of birds to detect lethal levels of odor-
less gases, such as carbon monoxide in mines, may have been
the earliest form of sentinel surveillance. Concern about epi-
demic infections has led to the use of sentinel animal flocks
to detect arthropod-borne viruses that cause encephalitis and
herald the occurrence of epidemics of this infection in
humans. Rutstein and his colleagues have proposed that this
concept be extended to a broader range of occupational health
problems* and to the health-care system more generally.*!

1
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Computers and electronic communications permit surveillance
information to be transmitted widely, in great detail, and on a timely
basis. For decades, notifiable disease reporting relied on information
reported on postcards. These cards gave the aggregate numbers of
cases of infectious diseases. Health departments mailed the cards each
week. Computers now permit cases to be characterized individually
yet confidentially. Communication, now often via the Internet, ensures
that the information is available on a timely basis. Computer networks
have the potential of making this information available to a wide range
of skilled epidemiological analysts and of eliciting a timely public
health response. CDC has developed a software package called Epi
Info.#? This software helps with the collection, recording, and trans-
mission of surveillance information. It is also an important tool for
field investigations and epidemiological surveys. A computer telenet-
work, the National Electronic Surveillance System (NETSS),* now
reaches state and many major local health departments, providing
electronic surveillance reports. The Information Network for Public
Health Officials INPHO) now permits a wide range of reports, as well
as data, to reach health officials to support their policy decisions.

Data Quality

The quality of health data is an increasingly important issue as infor-
mation plays a more significant role in detecting epidemics, discov-
ering new public health problems, and developing health policy. Just
as epidemiologists are concerned about the quality of information
they receive from others, they also want to know that the data they
collect themselves are of good quality. Four dimensions of data qual-
ity are especially important:

1. Data input must be of high quality. In a one-dimensional check
of data input, all variables should be within an appropriate
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range. A surveillance system concerned with childhood lead
poisoning, for example, ought not to include a person 50 years
old. A two-dimensional check of input would ensure that
pairs of variables were reasonable. For example, a surveil-
lance system for the nutritional status of pregnant women
should not include a 17-year-old woman with 10 children.
Moreover, data should be logically consistent so that a child
with measles reported to have begun on November 1, 1998,
ought not to have had a birth data in 2005.

2. Management of data records is essential to ensuring data
quality. Records will need to be uniquely identified and care-
fully tracked so that they can be retrieved and verified. The
status of record completion will need to be documented, par-
ticularly in household and telephone interview surveys. Con-
fidentiality is a point of tension in records management.
Striking the balance between ensuring the privacy of an indi-
vidual and permitting a public agency to meet an urgent pub-
lic need will always be difficult to resolve. The current AIDS
epidemic demonstrated this problem repeatedly. Many con-
flicts may be resolved by using identification numbers instead
of names. However, some events will be rare enough that
individuals might be identified simply by knowing the dis-
ease they have, their age, sex, and county of residence, espe-
cially if the county is not a populous one.

3. Data output must be of excellent quality. One-dimensional,
two-dimensional, and logic checks are as important in han-
dling data output as they are in checking data entry. Com-
puter programs that produce the output should create totals
for columns and rows added up for each table rather than
being brought forward from an earlier computation. Imputa-
tion procedures deserve critical examination so that they are
relevant to the way the output will be interpreted and used. In
short, epidemiologists need to examine every piece of rele-
vant data and to ask “Will this make sense to the people who
need this information?”

4. Data archives are the final dimension of data quality. Keeping
an archive of public health information requires more than the
final output. It also requires enough of the intermediate com-
putations that questions can be answered quickly and intelli-
gently. These inquiries may come from other researchers, the
media, or the public. In keeping an archive of epidemiologi-
cal data, two questions need to be addressed. First, how will
the issues of public accountability and individual confiden-
tiality be addressed? Second, if an important question comes
up, can the answer be retrieved in 3 seconds? An hour? Two
days? Not at all? Ultimately, data collected by public agencies
are in the public domain. Nevertheless, an epidemiologist
must consider the measures appropriate for a public agency to
use in preserving individual privacy and making data accessi-
ble to others. Among those likely to need public data are
researchers, journalists, and individual citizens.*

Data Reporting

The reporting of public health surveillance data needs to consider four
approaches. The first is descriptive. A typical report contains case
counts of the diseases that are nationally notifiable. Aggregated case
reports are often present and entered into tables for geographic juris-
dictions. Next, graphs of surveillance data permit a visual analysis. A
histogram that shows the distribution of cases of a given disease in a
specific area over a stated period is often called an “epidemic curve.”
Line graphs can display cases over time to help characterize tempo-
ral relationships in disease occurrence. Graphs that display historical
data can signal changes in disease trends. Maps often provide an
effective graph of the geographic distribution of a disease. Spot maps
illustrate the distribution of individual or small groups of cases. The
use of shading differentiates the relative intensity with which a dis-
ease or other public health problem occurs over a wide area.
Sequences of maps illustrate changing disease distributions over
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time. Three-dimensional maps may also show differing intensities of
health problems over an area. Computer mapping using data that
describe cases by county of occurrence and residence helps determine
whether epidemics are being transmitted across jurisdictional bound-
aries.

Finally, quantitative analysis of surveillance data may help
detect important changes in the trends of health events. Using a mov-
ing average in analyzing national trends in fertility is a regular part of
the monthly Vital Statistics Report* published by NCHS. Epidemics
can be detected using time series analysis. Analyzing trends in excess
mortality graphically, using periodic regression or autoregressive,
integrated moving averages are time-honored ways of identifying
influenza epidemics.*® Excess mortality among the aged during peri-
ods of unusual heat waves can also be detected with these methods.*’

Dissemination

The findings from public health surveillance must be distributed to
two groups immediately: (a) those who provide data so that it can be
verified and () those responsible for public health actions. When sur-
veillance detects urgent public health problems, such as an epidemic,
an immediate telephone response is required. For years, CDC has sent
data on notifiable disease surveillance and on epidemic field investi-
gations to state and local health officials before the information is
published in the Morbidity and Mortality Weekly Report (MMWR).

Surveillance information is now disseminated in a series of
reports based on the MMWR. Besides the weekly publication, CDC
issues other special MMWR reports and an annual summary of noti-
fiable diseases.*® CDC also publishes public health and epidemiolog-
ical findings in many refereed professional journals. Surveillance data
characterize historical trends and project those trends into the future.
Recently, CDC compiled its guidelines for prevention into a single
publication that is supplemented with additional details on an elec-
tronic compact disc. The World Health Organization (WHO) main-
tains a worldwide reporting system. The information in this system
appears in the WHO Weekly Epidemiological Record.* These
reports are augmented by quarterly, annual, and occasional special
supplements.

Applying Public Health Surveillance:
Two Case Studies

The following are two important historical examples of how public
health surveillance using basic, available tools, can assist in under-
standing important diseases.

Using Vital Data: Community Diagnosis Based on
Mortality Registration
Community diagnosis assesses health problems of a specific popula-
tion in a defined geographic area using public health surveillance
data. Vital records are often used as the first approach. Holland and
colleagues’ European Community Atlas of Avoidable Death (second
edition)*® has been an excellent, readily accessible publication that
illustrated this use of vital data.

Community diagnosis, carried out in detail and directed at inter-
vening in a health problem, is a stepwise process, as follows:

1. Defining the condition to be diagnosed.

2. Estimating the size, characteristics, and occurrence of the
condition.

3. Refining the diagnosis based on additional data.

4. Estimating and characterizing the population in need of service.

5. Reevaluating the diagnosis.

Vital data can also help diagnose problems for communities
smaller than the European community. In addition, community diag-
nosis for small areas often needs to examine data that cannot be eval-
uated using statistical testing. In these instances, detailed knowledge

of the locality and judgment of the community situation needs to be
applied to reach a valid diagnosis that is acceptable to the community
members. McGrady has analyzed cancer deaths in Fulton County,
Georgia.’! His approach to grouping census tracts succeeds in solv-
ing some problems of community diagnosis. By clustering census
tracts according to differences in cancer mortality rates, he created
areas that had appropriate health and epidemiological characteristics,
even though local officials and residents had not perceived them as
such for other social or economic purposes.

In another vital record application, birth certificates can analyze
unintended fertility in communities. One approach uses teenage birth
and fertility rates, out-of-wedlock birth, and marital births by birth
order.’? Health officials have adapted this approach using other mea-
sures more suited to the needs of their own communities.

Using Reports to Health Departments:

The AIDS Epidemic

In mid-1981, an epidemiologist at the Los Angeles County Health
Department realized that the five reports he had received of a rare
kind of pneumonia caused by Pneumocystis carinii might be an epi-
demic. The disease reports came from three different hospitals and
had involved men between 29 and 36 years of age. Typically, this
kind of pneumonia occurs among people who have depression of
their immune system, which can occur, for example, when people
receive cancer chemotherapy. At one hospital, a large university med-
ical center, the clinician caring for these patients had already recog-
nized this unusual occurrence.>

A month later, a report from another part of the United States
documented the occurrence of this same kind of pneumonia. In addi-
tion, some patients had other unusual infections and a rare form of can-
cer, Kaposi’s sarcoma. This group of 26 individuals ranged in age
from 26 to 51 years. Twenty of them lived in New York City, six in
California; eight had died within 24 months after diagnosis of
Kaposi’s sarcoma; all were male homosexuals.>* Within the next year,
CDC received 355 additional case reports. Five states—California,
Florida, New Jersey, New York, and Texas—accounted for 86% of the
reported cases. This was the beginning of the AIDS epidemic.

A cluster of people with an unusual infection that affected pre-
viously well individuals was picked up by an astute clinician and an
observant epidemiologist. The epidemiologist knew that even five
cases of this kind represented an unusual occurrence, perhaps even an
epidemic. He took the following four key actions:

1. He confirmed each case.

2. Next, he provided a clear, brief (no more than seven lines of
text in the original report) description to a central public
agency (CDC, in this instance).

3. Third, he identified the common characteristics of the indi-
viduals.

4. Finally, he ensured that the reports stimulated others to
search for additional clusters of cases by distributing them to
health professionals, including colleagues in epidemiology.

The original group of five reports published in June 1981 and
augmented a month later by 26 more cases increased more than 10-
fold by June 1982, to 355 cases and by August 1983, to 1972 cases.
As of December 1988, almost 83,000 cases of AIDS had been reported
in the United States, and more than 46,000 people have died of AIDS.
WHO has reported the occurrence of AIDS from all over the world.
Laboratory examination of frozen human serum shows that the virus
that causes this disease has been present in humans at least since 1959.

> INVESTIGATION

An investigation is an examination for the purpose of finding out
about something. It differs from surveillance because when doing an
investigation one assumes that a problem already exists. Moreover,



an investigation may use information from an established data col-
lection system, but it goes farther and gathers new information.
Analysis, on the other hand, involves the study of a problem by break-
ing it down into its constituent parts. In carrying out an investigation,
therefore, an epidemiologist must have some idea as to what analysis
will ultimately be necessary.

Exactly what must be found out depends in part on what is
already known. The classic epidemiological triad of host, agent, and
environment first mentioned in the discussion of determinants, is a
useful framework for thinking about epidemics. The epidemiologist
often knows about the host as to signs and symptoms of an illness, or
health event, and the number of people in the epidemic. This holds
true for epidemics of infection, acute noninfectious problems, such as
unexplained deaths in a hospital, and chronic disease problems, as
illustrated by the occurrence of endometrial cancer and estrogen use.

When the investigation is complete, however, we must know
about the host and have information on a wide range of risk factors
for the health problem. In addition, we need detailed information
about the agent to which the host is exposed and the environment of
the exposure. Ultimately, we require effective control measures. This
requires that the epidemiologist know how the agent is transmitted
and, if possible, its portal of entry.

Epidemiological investigations meet both public service and sci-
entific needs. If, for example, a community faces a health problem that
is likely to continue to spread and about which the approach to control
is uncertain, then the epidemiologist has an important role. Epidemics
of viral infections that occur in presumably immunized young people,
as has been the case of measles epidemics on college campuses, illus-
trate this problem. Moreover, public concern may also require the epi-
demiologist to provide assurance that no epidemic exists and none is
threatening. Concern about transmission of AIDS by exposure to med-
ical waste in public places is one such example, even though this envi-
ronmental problem is not a real hazard for transmitting disease.

Scientific need is a second important reason for an epidemiolo-
gist to do a detailed field investigation. This kind of investigation
recently led to the discovery of Lyme disease and legionnaires’ dis-
ease. Field investigation also identified the causal association
between vinyl chloride exposure and angiosarcoma of the liver, as it
was for oral contraceptive (OC) use and hepatocellular adenoma, and
a wide range of other health conditions.

Preparing for an Investigation

Preparation for an epidemiological field investigation has three gen-
eral elements: (a) notification of essential people and organizations,
(b) identification of materials needed for the investigation, and (c)
travel planning. The notification process will have begun before the
epidemiologist departs for the field. However, initial reports require
confirmation. In addition, the date and place of investigation, and its
purpose, needs the concurrence of supervisors, health officials, where
the investigation is being done, and other officials whose regions may
include that area. Failure to notify these individuals can bring the
investigation to a halt, limit access to people who have essential infor-
mation, or lead to a withdrawal of support personnel needed to com-
plete the investigation. Before going to the field, materials must be
assembled to help with the investigation. Depending on the nature of
the problem, the epidemiologist may want reprints of scientific arti-
cles. In addition, other items may be useful. Among them are the fol-
lowing: (a) copies of sample questionnaires, (b) spreadsheets for line
lists or the coding of data, (c) data calculation capacity, (d) a portable
computer, (e) a camera, (f) containers for laboratory specimens,
(g) pocket references on microbial, physical, or chemical agents, and
(h) means for accessing the Internet.

Basic Steps of an Investigation

The following 10 steps are essential considerations in every epi-
demiological investigation. It is this list to which practicing epidemi-
ologists return more than any other (Table 2-3).
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TABLE 2-3. STEPS IN AN EPIDEMIOLOGICAL INVESTIGATION

—_
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Determine the existence of an epidemic

Confirm the diagnosis

Define and count the cases

Orient the data in terms of time, place, and person
Determine who is at risk of having the health problem
Develop and test an explanatory hypothesis
Compare the hypothesis with the proven facts

Plan a more systematic study

Prepare a written report

. Propose measures for control and prevention

1. Ensure the existence of an epidemic. The first important deci-

sion is to determine if an epidemic exists. A preliminary
count of people with similar symptoms is often the first cri-
terion for this decision. Laboratory confirmation may be
absent. It may even be inappropriate because of the urgent
need to begin an investigation.

. Confirm the diagnosis. The epidemiologist needs to know the

diagnosis of the health problem being addressed. The num-
ber of cases is sometimes too great to do a history and phys-
ical examination on every person. Collection of laboratory
specimens must then follow quickly, although decisions
about epidemic control are often made before laboratory con-
firmation is available. Using this preliminary information, the
epidemiologist must formulate a case definition of the health
problem. The symptoms for the case definition are written
down, as are the essential physical signs. Measurements of
levels of severity of the health problem, or disease, must be
determined. Confirming each reported case may not be pos-
sible, and laboratory specimens may be obtained on only
15-20% of the cases. In some large epidemics, a sample of
cases gave the essential information about the agent, the host,
the method of transmission, the portal of entry, and the envi-
ronment of the disease. This proved to be the only way to deal
with one epidemic in 1985 when Salmonella contaminated
milk processed in Illinois and involved more than 200,000
individuals.> Epidemiologists set up control measures more
quickly using this approach than by an exhaustive detection
of every ill individual.

. Estimate the number of cases. Case finding often begins

with a single report or a small cluster of cases. Initially, the
epidemiologist casts a wide net, using a preliminary case
definition that is sensitive and excludes as few true cases as
possible. After making a preliminary estimate, the epidemi-
ologist must make a key judgment. Should all cases be stud-
ied or is the epidemic so large that investigating a sample will
lead to a decision more quickly? If only a sample is selected,
then only the most severe cases should be studied because
they are the ones of most value. Outlying observations deserve
special attention because explaining their relationship to the
epidemic is often the key to understanding its mode of spread.
Given a workable definition, the epidemiologist must count
the cases and collect data about them. Once the ill persons are
identified, the characteristics of the illness from beginning to
the present and the demographic characteristics of each indi-
vidual need to be determined. Next, data on the places where
the ill people live, work, and have traveled to, and the possi-
ble exposures that might lead to health impairment all must
be documented. Among the questions the epidemiologist
may want to answer are the following: What signs and symp-
toms are the most important? Are any of them pathogno-
monic? What is the laboratory test most likely to confirm the
diagnosis? Can both the exposure to the presumed source and
the severity of the illness be characterized at different levels?
‘What must be done to identify the people with these problems?
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Should long-term follow-up be necessary? Are there any
inapparent or subclinical cases? What role do they play in
determining the future size of this epidemic or the suscepti-
bility of the people in this community?

Orient the data as to time, place, and person. Data on each
case must include the date of onset of the illness, the place
where the person lives and/or became ill, and the character-
istics of each individual, including age, sex, and occupation.
A simple histogram, often called “the epidemic curve,”
shows the relationship between the occurrence of cases and
their times of onset.>® The spatial relationships of cases are
often shown best on a spot map. Maps, for instance, help
show that the cases occurred in proximity to a body of water,
a sewage treatment plant, or its outflow. Characterizing indi-
viduals by age, sex, and other relevant attributes permits the
epidemiologist to estimate rates of occurrence and compare
them with other appropriate community groups.

Determine who is at risk of having the health problem. The
epidemiologist will calculate rates at which a health problem,
or disease, occurs using the number of the population at risk
as the denominator, while the number of those individuals
with the problem form the numerator. If the original reports
of an illness come from a state surveillance system, then the
first estimations of rates may be based on a state’s population.
If the epidemic occurs only in school-age children from a par-
ticular school, however, the population at risk may be only
the children who attend that school. Those not ill must be
characterized by the same attributes as those who are ill, that
is, age, sex, grade in school, or classroom.

Develop an explanatory hypothesis. During a field investiga-
tion, comparing the rates of occurrence among those at great-
est risk with other groups helps the epidemiologist develop
hypotheses to explain the cause and transmission of a health
problem. Besides examining rates, other approaches to devel-
oping hypotheses of cause include further, more detailed
interviews with ill individuals or with local health officials
and residents, careful examination of outlying cases, or
describing the epidemic in more detail. Depending on the
extent of the epidemiologist’s field library, reference to cur-
rent and historical literature can stimulate new hypotheses.
Compare the hypothesis with the established facts. The
hypothesis that explains the epidemic must be consistent with
all the facts the epidemiologist knows. If the hypothesis does
not do so, then it must be reexamined. It should do more than
just strengthen speculation, explaining the cases at the peak
of the epidemic. The epidemiologist may need to repeat the
interview of case subjects, reassess medical records, gather
additional laboratory specimens, and repeat calculations.
Plan a more systematic study. When the initial field investi-
gations and preliminary calculations are complete, the inves-
tigator may need to conduct one or more case-control stud-
ies. The data for such studies may be in hand, but more often
additional information will be needed. It may be collected by
either interviewing subjects in more detail or surveying the
population. Sometimes, a serological survey or extensive
sampling of the environment for chemical or biological agents
will generate new facts. Sometimes a visual record helps,
requiring extensive photography or video taping of a work
process. If there is a food-borne infection, a detailed food his-
tory is necessary. If a water-borne infection is suspected, a
food and liquid intake history stimulates additional causal
associations. For example, a water-borne epidemic may be
discovered by knowing the number of glasses of water drunk
by each person, thereby permitting the epidemiologist to esti-
mate a dose-response relationship. An occupational illness
might be determined by a specific machine that each worker
used and the number of hours that each one used it.

Prepare a written report. Preparing a written document is
an essential step in any epidemiological investigation. An

epidemic report need not be a publishable paper. However, it
should be a benchmark in the conduct of an investigation, just
as a hospital discharge summary is for patient care or a the-
sis is for the advancement of a scholar. The epidemic report
is an essential public health document. It may be the basis for
action by health officials, who may close a restaurant or face
a major industry’s attorneys in court. For the public, it may
provide information for those concerned about the epidemic,
its spread, and the likelihood that others will be involved. A
report may have scientific epidemiological importance in
documenting the discovery of a new agent, a new route of
transmission, or a new and imaginative approach to epidemi-
ological investigation. Moreover, many investigative reports
are useful in teaching.

10. Propose measures for control and prevention. The ultimate
purpose of an epidemiological investigation is to control a
health problem in a community. The epidemiologist is part of
the team that develops the approach to control and prevention.

The establishment of a surveillance system for the population at
risk is an important element in ensuring the effectiveness of the control
program. This is an essential element of an epidemiologist’s responsi-
bility in fulfilling a public need and carrying out a scientific study.

Designing an Investigation

Descriptive Study

Epidemiological investigations often start with case reports, evolve to
become a series of cases, and then go on to include ecological studies,
cross-sectional studies, or surveys that describe the problem and per-
haps suggest causal hypotheses. Working with information from case
reports or a series of cases is often the first step in a field or commu-
nity investigation. For an epidemiologist concerned with the clinical
details of an illness, the causal agent, the environmental facilitators,
and other risk factors, additional information will be needed. Demo-
graphic, social, and other behavioral characteristics and possible expo-
sures to biological, physical, or chemical agents are also essential.

Ecological Studies

Ecological studies compare the frequency of events that occur in dif-
ferent groups. This type of study compares data and examines corre-
lations useful in generating hypotheses association. The positive
association of dietary fat intake and regional breast cancer occurrence
is one important hypothesis generated through an ecological study.
Because ecological studies compare groups, rather than individuals,
caution is required in drawing conclusions and identifying associa-
tions. The hazard found in interpreting studies of this kind is labeled
“the ecological fallacy.”” It is a bias or error in inference that occurs
when an association observed between variables on an aggregate
level is assumed to exist at an individual level. This kind of fallacy
has also been found, for example, in studies of drinking water qual-
ity and mortality from heart disease. This correlation is not a causal
association because the criteria for such an association (which are dis-
cussed later in the section titled “Analysis”) were not fulfilled. On the
other hand, ecological studies are usually quick, easy to do, use exist-
ing data, and generate or support new hypotheses.

Cross-Sectional Studies

Cross-sectional studies simultaneously evaluate exposure and out-
come in a population. This approach is another important step to
developing evidence for a causal association. As an illustration, con-
sider the possibility that a group of women had cervical cytology
done during the same examination when a culture for herpes simplex
virus was taken. If a statistically significant association existed
between premalignant cervical cells and the recovery of herpesvirus
from cultures, this finding would be an important step toward a causal
association. However, a cross-sectional study would not permit the
epidemiologist to decide if the virus was present before the cells



became premalignant or if premalignant cells are highly susceptible
to viruses. This approach is often useful at the time of an epidemic
investigation. It helps to determine the extent of the epidemic in a
population and to assess the susceptibility of those in the population
at risk. This approach is not an appropriate way to study rare events,
events of short duration, or events related to rare exposures. More-
over, cross-sectional studies are not appropriate for assessing the tem-
poral relationship between exposure and health event or outcome.

Analytical Studies

Analytical studies may be observational or experimental. In an obser-
vational study, the epidemiologist assigns subjects to case and com-
parison groups. This assignment may take place after an event has
occurred (retrospectively) or before an event has happened (prospec-
tively). The investigation of an epidemic, such as infections follow-
ing childbirth, or a study based on clinical observation, such as the
occurrence of angiosarcoma of the liver in vinyl chloride workers, is
typically observational and retrospective. In these instances, the epi-
demiological study had to be confined to observations about events
that had already taken place. Moreover, the epidemiologists used data
that had already been collected and assigned people to groups based
on the presence of disease or exposure that had already occurred. If
cases of postpartum infection had been carefully defined and assigned
to case (of postpartum infection) or control (no infection) groups, the
study would be observational and prospective.

In an experimental study, on the other hand, subjects are observed
under predetermined conditions. Random clinical trials are examples
of experimental epidemiology. Both the case definition and the exper-
imental conditions would be carefully defined before the study began.
Carefully designed approaches to data and specimen collection and the
observations to be made are specified and categorized before the study
begins. The individuals being observed in an experimental study may
be allocated to different groups on a probabilistic basis.

This section addresses the design of epidemiological studies,
only mentioning analytical approaches. The following section,
Analysis, deals with analytical issues in more detail and gives exam-
ples of ways in which they might be handled.

Observational Studies

Observational studies are categorized as case-control or cohort. In
a case-control study, the risk of exposure to a presumed cause by
those with a health problem (the case group) is compared with that
of those who do not have that problem (the control group). The fre-
quency with which the exposure occurs is compared in the two
groups, and the strength of association is measured as an odds ratio.
The epidemiologist evaluates the likelihood that such an association
could occur because of chance using statistical confidence intervals.

Case-Control Studies

Case-control studies begin with a case group of individuals who have
the health problem under investigation. The outcomes typically stud-
ied using this design are those that are rare or have a long latent, or
incubation, period such as cancer. Conditions that require detailed
records are well suited to study using this design. Among these
records are hospital charts, pathology reports and specimens, and lab-
oratory documentation, such as electrocardiograms, x-rays, other
imaging techniques, or a wide range of biomarkers. For health prob-
lems that are rare, or develop over long periods, the case-control
design yields findings in a short time and with a minimum resource
requirement. More information on case-control studies can be found
in general textbooks on epidemiological methods.

Cohort Studies

Cohort studies begin with a group of individuals, without the diseases
of interest, characterized as to exposure to hypothesized causes of
those diseases. The comparison group is one that is not so exposed,
but has similar demographic, behavioral, and biological characteris-
tics. The groups are compared and characterized using the rates with
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which the health problem occurs in each group. The strength of asso-
ciation is measured using relative rates; its occurrence due to chance
is evaluated statistically by stating the p value, and the precision of
the relative risk or odds ratio is shown by the confidence intervals.

Retrospective, or historical, cohort studies may look back in
time by reviewing recorded events, or they may require that subjects
be observed during the future. Those done by reconstructing records
of exposure and health outcomes are called retrospective cohort stud-
ies because they look back over time. Those that follow similar
groups with different exposures into the future are called prospective
cohort studies. The study of American veterans of the Vietnam War,
who were exposed to Agent Orange, is an example of a retrospective
cohort study.*®>® On the other hand, many reports on cardiovascular
disease in Framingham, Massachusetts, illustrate prospective cohort
studies.®® The most difficult problems that cohort studies pose for epi-
demiologists is, if the study is retrospective, finding records that are
comparable for both the exposed and unexposed subjects. If the study
is prospective, finding the resources and motivating the staff is usu-
ally the greatest challenge. Conducting studies of this kind is difficult
because the need for meticulous recording is required for a long time,
usually years, and often decades.

The advantages and disadvantages of these two study designs
are shown in Table 2-4. Case-control studies are advantageous when
the epidemiologist is studying a rare condition (for example, a con-
dition that occurs no more often than once in every 100 people in the
population under study). In addition, this approach can evaluate an
association between disease and exposure relatively quickly. More-
over, it is especially useful if the investigator has limited resources
and is dealing with a health problem that has a long latency or incu-
bation period. Of the advantages for cohort studies, on the other hand,
three are especially important. The first is that a cohort study provides
an opportunity to describe the natural history of a health problem. In
addition, the epidemiologist can directly estimate the rate at which the
health problem is occurring and take the findings to people who are
not epidemiologists.®!

Bias can distort the findings of any study, whatever its design.
Bias is the “deviation of results, or inferences from the truth, or
processes leading to such deviation.” Bias can occur in any approach
to study design. The most generic categories of this kind of deviation
are selection bias and information bias. Selection bias occurs when
comparison groups differ from each other in some systematic way
that influences the outcome or exposure that is being investigated.
This form of bias is a more frequent problem in case-control studies,
but it can occur in both approaches to study design. A study of OC
effectiveness in women using two different kinds of pills illustrates
this point. Such a study might be biased if the group taking one kind
of pill included only women who had given birth (confirming their
ability to become pregnant) with another group, none of whom had
been pregnant. This selection of subjects leads to a bias that might
distort the comparison of effectiveness of the two agents.

The role of information bias is important when an exposure or
health outcome is measured systematically in different ways for sub-
jects in the case and control groups. This can be related to the inabil-
ity to collect comparable information, to systematically different
approaches to observing the two groups, or to differences in the qual-
ity of the information collected. A comparison of surgical complica-
tions in two groups, one of which underwent surgery in a hospital
with another that had the operation done in an ambulatory facility,
helps illustrate information bias. People in hospitals are often
observed hourly overnight and for a day or more thereafter. On the
other hand, people undergoing ambulatory surgery are observed only
during the first four hours after surgery. In this instance, the bias
favors the detection of more postoperative complications in the hos-
pitalized subjects than in the others.

Gathering Information
Data gathering is an essential part of “finding out about something.”
Investigations most often involve interviewing and record review.
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TABLE 2-4. COMPARISON OF ADVANTAGES AND DISADVANTAGES OF CASE-CONTROL AND COHORT STUDIES

Case-Control Studies

Cohort Studies

Advantages
with long latency
Relatively quick
Relatively inexpensive
Requires relatively few study subjects
Can often use existing records

Can study many possible causes of a disease

Disadvantages Relies on recall or existing records about
past exposures

Difficult or impossible to validate data

Control of extraneous factors incomplete

Difficult to select suitable comparison group

Cannot calculate rates

Cannot study mechanism of disease

Excellent way to study rare diseases and diseases

Better for studying rare exposures

Provides complete data on cases, stages

Allows study of more than one effect of exposure

Can calculate and compare rates in exposed, and
unexposed

Choice of factors available for study

Quality control of data

Need to study large numbers

May take many years

Circumstances may change during study
Expensive

Control of extraneous factors may be incomplete
Rarely possible to study mechanism of disease

Anytime an interview is required, a friendly, persuasive introduction
should precede questioning. Training of interviewers, therefore,
should include practicing both the introduction and the questions.

The form in which the information is gathered may differ from
one investigation to another. In field investigations of epidemics or in
surveys, such as childhood immunization surveys, a line listing may
suffice. An illustration of this approach is shown in Table 2-5. More
complex investigations may need a detailed interview form, sometimes
using visual aids for memory, such as pictures of medication packages.

Identifying the respondent and recording information for follow-
up or record retrieval are among the first items gathered. If follow-up
or verification of information is needed, then information about fam-
ily, friends, and neighbors may also be important.

Responses to questions, both for interview and record abstraction,
should be simple and in a form that is easy to code. Initial data collec-
tion of items, such as age, should be gathered in terms of individual
years; grouping of these items is better done at the time of tabulation and
analysis. Avoiding open-ended questions as much as possible reduces
the difficulties in tabulating and analyzing the resulting information.

Pretesting the data gathering form or interview is essential. Sim-
ulating an interview with a respondent or abstracting a chart that rep-
resents a typical case should be followed by simulating some of the
unlikely circumstances.®?

Case finding, that is, searching for and gathering information
from subjects for the case and comparison groups, is essential to an
investigation. Initially, a study should include a wide range of those
at risk of the health problem. Being sure that the entire population at
risk is being considered at the beginning of the investigation is gen-
erally easier than it is to make a second trip to the community.%

If members of the comparison group are matched to specific indi-
viduals in the case group, then the forms for both case and comparison
individuals must be able to be linked for analysis. Choosing compari-
son groups is not easy. The epidemiologist must think carefully before
selecting the easiest way. If the cases, for example, are all hospitalized,
the question of using control subjects from the hospital or from the

TABLE 2-5. ILLUSTRATIVE PARTIAL LINE LISTING MEASLES
EPIDEMIC IN A HIGH SCHOOL

Case No. Identifier Grade Sex Date of Onset
1 SA041870 09 M April 24
2 DA101666 12 F April 22
3 LB020570 09 F April 25
4 DB061470 09 M April 27
5 SB040569 10 F April 22

neighborhoods where the cases normally lived deserves careful study
because both groups should come from the environment where expo-
sure occurred.

Using Judgment in Field Investigations
The judgment of experienced epidemiologists regarding field inves-
tigations rests on a series of questions. The first is: When do you do
a field investigation? Public need and scientific importance are the
most frequent determinants of this answer. A community faced with
a health problem of uncertain cause that cannot be controlled or that
has created public alarm can be a public health emergency. The com-
munity’s urgent need may be satisfied only by an immediate, compe-
tent epidemiological investigation. Scientific importance, while
rarely isolated from public need, is more often determined by the
nature of the problem. This was the case in legionnaires’ disease,*
the initial studies of penicillinase-producing Neisseria gonorrhoeae
infection,® and the more recent epidemic of Brazilian purpuric fever.
A form of Haemophilus aegypticus with a new plasmid type caused
this new condition.®® In each of these instances, the etiologic agent
required that an epidemiological investigation be done in the field
with intensive and highly technical laboratory support.

Once in the field, when does an epidemiologist ask for help? Since
a single health professional rarely carries out an epidemic investigation,
key questions must be asked before the field work begins. Among the
foremost are: Will there be enough people available to ensure a suc-
cessful investigation? Will these people have the necessary skills? What
are the technical support requirements, in terms of data collection and
analysis, specimen gathering, computer science, and laboratory science?
Since the answers to these questions will change as the investigation
evolves, the epidemiologist must reexamine each of them repeatedly.

How detailed should an investigation be? This question is best
answered by considering the reasons for undertaking the investigation.
Responding to public need is the principal determinant. This needs to
include recommendations for control measures and addressing public
information requirements, even if the epidemiologist is not communi-
cating with the media personally. After fulfilling this obligation, the
epidemiologist needs to assess the value of the investigation regarding
changes in health policy for a larger population. Finally, the epidemi-
ologist must evaluate the overall scientific importance of the field work.

Before leaving the site of a field investigation, the epidemiolo-
gist should have affirmative answers to four questions:

1. Is it possible to do a quantitative analysis of the data?

2. Isthe analysis sufficient to permit the epidemiologist to make
preliminary recommendations about control measures to
local health and other officials?

3. Is it possible to give responsible officials a report that
would permit them to initiate control measures and provide



a credible explanation of the occurrence of the health prob-
lem to the public?

4. Will the person responsible for supervising the investigation
from its institutional base find the report of the investigation
acceptable?

If the epidemiologist cannot answer these questions satisfacto-
rily, the investigation must continue. Epidemiologists who do field
investigations should always be prepared to go back for the facts, but
it is best to get all of the facts in the first place.

Communicating the investigative findings clearly is essential,
particularly when the epidemiologist completes the field work. Who
needs to know these findings? As a rule, the epidemiologist informs
those who reported the first cases in the epidemic first. They are the
practitioners who will know if the facts are correct and the public
health actions are sensible. If the official and professional personnel
responsible for control of the health problem are not part of this
group, then they, too, must receive a report. This report describes both
the field investigation and the scientific rationale control and preven-
tion. Then those who permitted, enabled, or facilitated the field work
should be told of the findings and proposed actions. This group
deserves the courtesy of hearing from the investigator, rather than the
public media. Finally, the public and the media must be informed.
The control and prevention actions are the responsibility of public
officials in that community because these measures will occur in their
community. Therefore, it is those officials rather than the investigat-
ing epidemiologist who should discuss the problem, the investigative
findings, and the approach to control and prevention to the commu-
nity and the media.

> ANALYSIS

Epidemiological analysis is the identification and logical separation
of the component parts of a health problem, followed by the careful
study of each, using statistical analysis and logical inference. Analy-
sis requires correct identification of each component and determining
the relationships of these parts. Analysis builds on a foundation of
careful investigation. However, analysis goes beyond investigation in
that analysis focuses on comparisons and relationships while investi-
gation emphasizes careful observation. In some cases, analysis identi-
fies the need to return to vital statistics, or another source of existing
health information, or additional field investigation. The process of
analysis can be applied to descriptive studies, case-control studies,
and cohort studies.

The process of analysis must be orderly. It interacts with the
investigation of an epidemiological problem and anticipates the issues
that arise during the analytical process of an epidemiological study.

Analysis proceeds from the simple to the complex. Starting with
careful description by counting cases, analysis proceeds to percent dis-
tributions, risk and rate estimation, and comparison. Only then should
an analyst begin to apply more sophisticated, quantitative techniques.

Description

Detailed description is the foundation of epidemiology. Characteriz-
ing the individuals who are the cases in an epidemic or who have
health problem needs to include the clinical characteristics of the con-
dition and information on time, place, and person. This is important
because these cases are essential in calculating rates and risks needed
to solve an epidemiological problem. A line listing (Table 2-5) that
shows relevant characteristics of the cases also helps determine how
to characterize the population at risk. A graphic description of the
cases will strengthen the description. One way to do this uses an
“epidemic curve,” as noted above.

The population at risk provides the denominator for calculating
rates. Estimating rates is essential to make comparisons between the
case groups and other groups. The population at risk will need to be
categorized by the same characteristics, using the same intervals as
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the cases in the numerator of the rate estimates. The first estimate,
therefore, usually requires putting the number of cases, or events, that
occurred in a given time and in a given population within a geo-
graphic area in the numerator. The number of those in the population
at risk for the same time and area is the denominator.

The population at risk needs to be determined as precisely as
possible. In an epidemic reported from a large area, the initial esti-
mate of the population at risk is likely to include many people who
are not really at risk of the reported infection. Subsequent studies of
the communities in that area are likely to identify one in which almost
all who are ill reside. Additional inquiry may show that only the ones
who attend a particular school or work in a single factory are really
at risk. If, for example, the epidemiologist detects an unusual cancer,
then the people with this tumor need characterization. If the only indi-
viduals with this unusual cancer do a specific job, such as working
with vinyl chloride, then only people who work with that chemical
are cases in the epidemiological investigation.

Selection of a comparison group, usually part of the study design
and investigative process, warrants review during analysis. An initial
study that covers a community may not be sufficiently sensitive, or
even appropriate, if those with the health problem under analysis
prove to reside in a specific area of the community. For example, if
all the ill people live downwind from an industrial effluent, then they
decide the area for study. Under such circumstances, omitting data
from the analysis may be necessary although it may seem a waste of
effort or a risk of losing statistical power.

The two measures most frequently used are cumulative incidence
and incidence density. Cumulative incidence, often called the attack
rate in an epidemic, is the proportion of a population initially free of a
health problem which then develops the health problem. When applied
to an epidemic, the cumulative incidence refers to the average popu-
lation at risk and to a specified period of time, usually that time in
which the epidemic occurred. Cumulative incidence is a measure of
the probability, or risk, of developing a particular condition during a
specified period for the individuals in the population observation.

Incidence density, on the other hand, is a measure that includes
population and time. Incidence density is a measure of the rate at
which those in a population initially free of a health problem develop
that particular problem during a given time. The measure most often
used is person-years. Incidence density is often calculated for annual
periods using standard health information. The data used include vital
statistics and notifiable disease reports in the numerator, and midyear
population for the denominator. Alternatively, estimates of incidence
density may be made in a cohort study. In this instance, enrollment in
the study to a predetermined point in time, such as the onset of the
health problem, defines the time period for the measure.

A particular type of incidence density, the case-fatality rate, is
estimated using the number of deaths as the numerator and the total
number of cases in the denominator. During the years 1970-1986, for
example, an estimated 790,500 ectopic pregnancies occurred in
women who live in the United States; 752 of them died. The case
fatality for ectopic pregnancy during this period is, therefore, 9.5 per
10,000 ectopic pregnancies.®’

Comparison

Calculating and comparing rates is the key to analyzing the cause of
a problem and determining the strength of association between a risk
factor and health problem. Realizing that rates do not describe the
magnitude of a problem is important. Case counts state the size of a
health problem. Rates describe the intensity, or severity, and the rela-
tive frequency with which events occur. Comparing rates for different
geographic areas helps identify the place in which a health problem is
most intense. Comparison of age- and sex-specific rates characterizes
the age and gender groups at greatest risk of having the disease or
health problem in a population.

Quantitative comparisons of rates and risks are easier when using
the 2 x 2 tables (see an example in Table 2-6). These tables summa-
rize data by distributing it into the four cells. This is done according to
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TABLE 2-6. FEATURES OF THE 2 x 2 TABLE

Health Event or Disease

Present Absent Total
Present a b a+b
Exposure Absent [ d c+d
Total a+c b+d a+b+c+d

a = Those with both disease and exposure
b = Those exposed who have no disease
¢ = Those diseased but not exposed

d = Those neither diseased nor exposed

a + ¢ = All those with disease

a + b = All those with exposure

b + d = All those free of disease

¢ + d = All those without exposure
a+b+c+d=Allthose at risk

the relevant exposure and the health problem or disease. Examining
data this way enables the epidemiologist to assess the occurrence of
disease in relation to exposure using a number of measures. Arrang-
ing data in a 2 X 2 table makes analysis easier by displaying the infor-
mation needed to calculate incidence rates. These rates compare the
risk that an individual will experience due to the health problem under
investigation depending on that person’s exposure to the presumed
risk factor. Calculating the ratio of the rates in the exposed and unex-
posed groups gives the relative rate, or relative risk. When the relative
rate is equal to 1.0, then there is no evidence of an association between
health problem and exposure. However, if it is greater than one, the
epidemiologist has evidence that there may be an association between
exposure and event. Estimating the confidence intervals surrounding
the ratios that do not include one gives added information about the
significance and precision of the finding. If, on the other hand, the ratio
is significantly less than one, presumably the exposure protects against
the occurrence of the health problem.

In a measles epidemic in a school, the index case was a student
in the tenth grade as were a total of 474 other students, 21 of whom
were ill. The cumulative incidence for measles in the class with the
index case is, therefore, 21 per 474 or 4.4 %, as shown in Table 2-7.
Hypothesizing that students in this class might have greater risk of
measles than those in the other classes is reasonable. This latter group
includes 49 students with measles and a total of 1356 in the 3 other classes.

The cumulative incidence in the other classes is 49 per 1356, or 3.6%. The
ratio of the cumulative incidence for these two groups of students is 1.2
(4.4/3.6 = 1.2), a figure that could have occurred because of chance, since
the confidence interval (0.7, 2.0) includes 1.0. Being a classmate of the
person who is the index case is therefore not a risk factor.

Comparisons in case-control studies use the odds ratio. This
measure compares the risk of exposure in a group with a health prob-
lem to the risk of the same exposure in a population that does not have
the problem. Confidence limits are interpreted for odds ratios as they
were for relative rates. Those ratios greater than 1.0 with confidence
limits that do not include 1.0 indicate that an association is likely.
Those that are significantly less than 1.0 indicate a protective effect.

The use of this measure, to show both a causal and a protective
effect, is illustrated by studies of OC use and tumors in women. A
study of OC use in women with benign tumors of the liver by Rooks
and her colleagues® shows a causal association. Of the 79 women with
this rare tumor, 72 had used OCs at some time in their lives. In a group
of 220 control subjects, however, 99 had never taken OCs. These data
appear in Table 2-8, panel A. The odds ratio of 12.6 is significantly
greater than one, and it has confidence limits that are greater than 1.0.

A study of OC use concerned with ovarian cancer uses the same
measure to show a protective effect.” Of women with ovarian can-
cer, 242 had not used OCs for even as long as 3 months, while 197
had used OCs for more than 3 months. Of the control subjects, 1532
had never used OCs and 2335 had used them. Table 2-8, panel B,
shows that the odds ratio is 0.5, a figure significantly lower than 1.0.
This indicates a protective effect by OCs against ovarian cancer.

Comparisons can estimate the potential impact of a health prob-
lem. The risk difference, also called attributable risk or excess risk,
can measure impact as well as the strength of association. The risk
difference is the risk in the exposed group minus the risk in the unex-
posed group. The use of this measure is illustrated in applying it to
the lung cancer and smoking data of Doll and Hill'® (Table 2-9).

These data show that lung cancer occurred in three individuals
who did not smoke cigarettes. These three people are the numerator
for the measure. The study included 42,800 person-years of observa-
tion of people who did not smoke tobacco. The lung cancer rate in
these subjects is 7 per 100,000 person-years. Among individuals who
smoked cigarettes, 133 developed lung cancer in 102,600 person-
years, an incidence density of 130 per 100,000 person-years. Since
the risk difference is the risk in the exposed (smokers) minus the
risk in those not exposed, the attributable risk for smoking and lung
cancer in this study is 123 (130 — 7 = 123).

TABLE 2-7. FEATURES OF A COHORT STUDY IN A 2 x 2 TABLE USING DATA
FROM A MEASLES EPIDEMIC IN A SCHOOL

Disease (Measles)

Present Absent Total
Present 21 1423 1474
(10th grade) (a) (b) (a+b)
Exposure
Absent 49 1307 1356
(Not 10th grade) (c) (d) (b +d)

® Cumulative Incidence in the Exposed Group
a 21

a+b 211453

=0.044 or 4.4 per 100

® Cumulative Incidence in the Unexposed Group

c __ 49
c+d 49+1,307

® Relative Risk =

al(a+b) _ 21/474 0044 .,
c/(c+d) 42/1,356 0036

=0.036 or 3.6 per 100



TABLE 2-8. FEATURES OF CASE-CONTROL STUDIES
INA2x2TABLE

m A. Causal, or Positive Association
Disease (Liver Tumor)

Present Absent
Present 72 99
Exposure (a) (b)
(Oral contraception) Absent 7 121

(©) (d)

. alc ad (72)(121)
Odds ratio=—=—=~—"-—+*
b/d bc (99)7)
m B. Protective, or Negative Association
Disease (Ovarian Tumor)

=126°

Present Absent
Present 197 2335
Exposure (a) (b)
(Oral contraception) Absent 242 1532

(©) (d)

Odds ratio =W =0.5°
(2335)(242)

295% confidence interval is between 5.5 and 28.6, p < 0.0001.
v95% confidence interval is between 0.4 and 0.7, p < 0.0001.

Other measures of potential impact include the attributable risk
percent, the population attributable risk, and the population attribut-
able risk percent. The attributable risk percent is a measure of the
percent of all deaths that can be attributed to the exposure being stud-
ied. This measure is also called the etiologic fraction and sometimes
the attributable proportion. Using the lung cancer and smoking data
of Doll and Hill," the attributable risk divided by the risk in those
who smoke (then multiplied by 100) calculates this measure. The
attributable risk percent of smoking for death caused by lung cancer,
therefore, is 95% (123/130) x 100 = 95%. The data from this study
means that 95% of all deaths due to lung cancer can be attributed to
cigarette smoking.

The population attributable risk is a measure of the excess dis-
ease rate in the total population. It can be estimated by subtracting the
incidence density in the population not exposed to a causal risk from
the incidence density for the total population. For example, if the risk
of death from smoking for lung cancer is 54 per 100,000 population,
and the risk of death from lung cancer is 7 per 100,000 the population
attributable risk of death from lung cancer caused by smoking is 47
per 100,000 (54 — 7 = 47). These illustrative data are recent estimates
for the United States” and estimates reported by Doll and Hill.'®

The population attributable risk percent is the proportion of the
rate of a disease that exists in a community, or population, because of
a specific exposure. In the case of lung cancer deaths and smoking in

TABLE 2-9. MEASURES OF ASSOCIATION AND IMPACT, AN
ILLUSTRATION BASED ON SMOKING AND LUNG CANCER

Cigarettes Lung Incidence

Smoked Cancer Person-Years Density (per 100,000
Daily Cases of Risk person-years)

None 3 42,800 7

1-14 22 38,600 57

15-24 54 38,900 139

25+ 57 25,100 227

All smokers 133 102,600 130

Total 136 145,400 94
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the United States, for example, the population attributable risk is esti-
mated to be 47. The death rate caused by lung cancer is 54 per
100,000. Using these data, the population attributable risk percent is
87% [(47/54) x 100 = 87]. This percent differs from attributable risk
percent. The attributable risk percent considers the characteristics of
exposure, that is, smoking rates, in the entire population rather than
that of a special group of individuals who are the subjects of a study.

These measures, their formulas, and examples are discussed in
more detail in textbooks on epidemiology.

Epidemiological analyses measure the strength of the association
between exposures and outcomes. These associations are character-
ized as direct and causal if they are positive, or direct, but protective,
if negative. Associations that appear direct, but are the result of the
interaction with another variable are indirect; they are often the result
of confounding. Associations may also be artifactual. Distinguishing
these different forms of association requires knowledge of confound-
ing, effect modification, and chance, and also the other criteria for
judging epidemiological associations.

Bias

Some authorities identify many forms of bias;’! however, most bias
falls into two major groups: selection bias or information bias.

Selection Bias

Selection bias may occur when systematic differences exist
between those selected for a study and those who are excluded.
Refusal to participate in a study or respond to a questionnaire may
introduce selection bias. This bias occurs when those who refuse or
are not able to respond differ in exposure pattern and disease risk
from those who do. Selecting case and comparison subjects from hos-
pitalized groups may also introduce bias if, for example, the hospi-
talized patients used as control subjects do not represent the popula-
tion from which those with illness have come. In addition, comparing
subjects who have died with others who are still living may introduce
bias. Selection bias includes, and is sometimes used synonymously
with, ascertainment bias, detection bias, sampling bias, or design bias.

Information Bias

Information bias occurs when there are systematic differences in the
way data are gathered from controls and cases. For example, if one
set of questions is used to evaluate the exposure in the control sub-
jects, and another set is used for the case subjects, the information
about the groups may differ systematically. This could easily lead to
distorted inferences. If, in a clinical study, one group is observed
more frequently than another, the probability of making an observa-
tion will be greater in the one observed more frequently. This kind of
bias could occur in a study comparing the effectiveness and safety of
two approaches to patient care. If one approach was used for subjects
seen in an ambulatory clinic while the other required hospitalization,
those in the hospital might be seen more frequently than those in the
clinic. Information bias may include observer, interviewer, measure-
ment, recall, or reporting bias. Definitions of these terms are dis-
cussed in detail in other writings.

Confounding

Comparisons may differ from the truth and therefore be biased when
the association between exposure and the health problem varies,
because a third factor confounds the association. A confounding fac-
tor may distort the apparent size of the effect under study. Confound-
ing may occur when a factor that is a determinant of the outcome is
unequally distributed among the exposed and unexposed groups
being compared. For example, age can confound the findings of a
study if the age distribution of two populations differs. Age adjust-
ment, or stratification, evaluates the confounding effect of age differ-
ences, as it can for other confounding factors. For example, the effects
of occupational exposure upon respiratory disease are often con-
founded by tobacco smoking.
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Effect Modification

Effect modification is a change in the measure of association between
arisk factor and the epidemiological outcome under study by a third
variable. The third variable is an effect modifier. An effect modifier
provides added information about an association by helping to
describe an association in more detail.

Effect modification is illustrated by the association between
intentional injury and the sex of the children and adolescents in a
study from Massachusetts.”> The data for individuals younger than
20 years of age in Massachusetts, the incidence density for intentional
injury, is half as great for girls as for boys. The top panel of Table 2-10
shows these data. Nonetheless, age modifies this main effect, as
shown in the bottom panel of Table 2-10. For children younger than
age 5, girls have an incidence density 60% greater than that for boys.
In the age interval 5-9 years, the rate for girls becomes just one-third
of that for boys. The overall association, or main effect, that is, inten-
tional injury associated with male sex, therefore, is not uniform for
all age intervals in this study. The effect is modified by age.

Although effect modification and confounding both occur
because of the way a third variable influences an epidemiological
association, these two concepts are different. While effect modifi-
cation gives more information about the association, confounding
distorts the association. Effect modification is inherent in the nature
of the association; confounding is not. A confounding factor is not a
consequence of exposure to the risk factor and can occur even in the
absence of the risk. A confounding factor exerts its influence by being
unevenly distributed between the study groups. Itis possible, therefore,
for a variable to be an effect modifier, a confounding factor, both, or
neither. Moreover, a single variable may both modify and confound
the same main effect in a single study.

Stratifying an epidemiological analysis by an effect modifier
adds knowledge about the association because it describes the effects
of such a factor. Statistical testing to determine the probability that the
study population contains groups that differ from the total population
helps to validate the presence of effect modification. Stratification also
adjusts for, or neutralizes, the effects of a confounding factor.

Many analyses require the epidemiologist to stratify for a number
of effect modifiers or confounding factors. Analytical complexities of
this kind require the use of multivariate analysis. This analytical approach
permits the epidemiologist to adjust simultaneously for a number of
potential confounding variables. It uses regression analysis that
involves multiple factors. Multivariate analysis may assume an addi-
tive, straight-line relationship between variables and involve the use
of multiple linear regression. Alternatively, the multivariate approach
may assume a multiplicative relationship between variables and use
multiple logistic regression analysis. Other, more specialized text-
books deal with these analytic approaches in more detail.

Chance
Chance can play two roles in epidemiology. It may account for an
apparent association and make it appear real when it is not. (This may

TABLE 2-10. EVALUATING COMPARISONS WITH EFFECT
MODIFICATION: AN ILLUSTRATION USING INTENTIONAL
INJURIES AMONG CHILDREN AND ADOLESCENTS IN
MASSACHUSSETS

Effects Female Male Relative Risk
m By Incidence Density?
All Ages 53.6 97.9 0.5
m By Age (Years)
0-4 17.0 10.6 1.6
5-9 7.4 21.8 0.3
10-14 40.5 59.7 0.7
15-19 131.0 259.8 0.5

alntentional injuries per 100,000 person-years.

be called a type I, or alpha, error.) Alternatively, chance may lead to
an association being overlooked, or missed, when it truly exists. (This
may be called a type 11, or beta, error.) Statistical significance testing
helps evaluate the role of chance by permitting an epidemiologist to
determine the probability that an association actually exists. Assess-
ing statistical power helps evaluate the probability that an association
would be detected if it were present.

In epidemiology as in other sciences, we must often decide whether
a difference between observations is statistically significant. Two ques-
tions arise: What does “statistically significant” mean? How can we test
for statistical significance? A complete answer to these questions
demands a thorough understanding of statistics. Other, more detailed
books on statistics cover this subject. The reference list at the end of this
chapter gives the titles of some of these textbooks. The following dis-
cussion is all that space permits in such a book as this. We assume that
the reader is familiar with the terms and concepts of elementary statistics.

‘When data have a normal or Gaussian distribution, 5% of obser-
vations lie more than two standard deviations from the mean or cen-
tral value. Conventional practice, therefore, is that the 5% level is a
suitable point to set for observed differences that are judged statisti-
cally significant. In the conventional notation, the probability of an
observation falling in this range is less than 5%, or p < 0.05. This level
of statistical significance is suitable for many purposes in epidemiol-
ogy. However, we are sometimes justified in insisting upon higher lev-
els, for example, a difference that could occur by chance less often
than once in 100 times, that s, p <0.01, or less often than once in 1000,
that is, p < 0.001. When we set a 5% level, that is, p < 0.05, one
observed difference in 20 can occur just by chance and, therefore, be
statistically significant. When many comparisons are being made in sets
of data (for example, in multivariate analysis), 1 in 20 of the correlations
will, on the average, be statistically significant due to chance alone.

Interpretation

Interpreting epidemiological data requires that causal associations
between exposure and outcome be correctly identified using specific
objective criteria. Although we have focused on the measurement of
association, the identification of bias, and the role of chance up to this
point, these criteria include, but go beyond, measurement and chance.
The initial criteria used to distinguish causal associations from
indirect and artifactual ones were applied to a study of epidemic
infections by Koch” and can be stated as follows:

1. The causative agent must be recovered from all individuals
with the disease.

2. The agent must be recovered from those with the disease and
grown in pure culture.

3. The organism grown in pure culture must replicate the dis-
ease when introduced into susceptible animals.

Such rigorous criteria ensure that studies adhering to them are
very likely to identify causal associations correctly. Nonetheless, they
are restrictive, and, had they been adhered to inflexibly, some impor-
tant epidemiological associations would not have been found. The
association of smoking and lung cancer is one.

In the mid-1960s, criteria more suited to contemporary health
problems became the topic of heated scientific debate. Sir Austin
Bradford Hill® in his first presidential address to the section of Occu-
pational Medicine of the Royal Society of Medicine in England pro-
posed a set of criteria more suited to contemporary health problems.
Serious objections to the work of Hill and Sir Richard Doll were
raised by many respected scientists, including Sir Ronald Fisher. In
the United States, the Surgeon General of the U.S. Public Health Ser-
vice convened an Advisory Committee on Smoking and Health. This
committee promoted use of criteria similar to those proposed by Hill.
These criteria can be summarized as follows: "

1. Chronological relationship: Exposure to the causative factor
must occur before the onset of the disease.



2. Strength of association: If all those with a health problem have
been exposed to the agent believed to be associated with this
problem and only a few in the comparison have been so exposed,
the association is a strong one. In quantitative terms, the larger
the relative risk, the more likely the association is causal.

3. Intensity or duration of exposure: If those with the most intense

or longest exposure have the greatest frequency or severity of

illness while those with less exposure are not as ill, then the
association is likely to be causal. This can be measured by
showing a biological gradient or a dose-response relationship.

Specificity of association: If an agent, or risk factor, can be

isolated from others and shown to produce changes in the fre-

quency of occurrence, or severity of the disease, the likeli-
hood of a causal association is increased.

5. Consistency of findings: An association is consistent if it is
confirmed by different investigators, in different populations,
or by using different methods of study.

6. Coherent and plausible findings: This criterion is met when
a plausible relationship between the biological and behav-
ioral factors related to the association support a causal
hypothesis. Evidence from experimental animals, analogous
effects created by analogous agents, and information from
other experimental systems and forms of observation are
among the kinds of evidence to be considered.

b

Interpreting epidemiological data, therefore, requires two major
steps. One, the criteria for a causal association must each be carefully
evaluated. The second is an equally careful assessment of the associ-
ation to identify bias and evaluate the role of chance. Undue empha-
sis may be given to the role of chance. As a result, Sir Austin Bradford
Hill in speaking to the Royal Society said of tests of statistical sig-
nificance “such tests can, and should, remind us of the effects that the
play of chance can create, and they will instruct us in the likely mag-
nitude of those effects. Beyond that they contribute nothing to the
‘proof” of our hypothesis.”?

Using Judgment in Analysis

The following points are important when applying judgment to epi-
demiological analysis. They are:

1. Start with data of good quality and know the strength and
weakness of the data set in detail.

2. Make careful description of the first step.

3. Determine the population at risk as precisely as possible.

4. Selecting the comparison, or control, group is one of the most
difficult judgments to make. As a rule, try to choose subjects
for comparison who represent the case group and come from
the place where the exposure under study is most likely to
have occurred.

5. Reduce the data analysis to a 2 X 2 table where possible.

6. The strongest case for an epidemiological association is one
that meets all of the causal criteria.

7. Carefully determine the role that bias, including confound-

ing, may have played in distorting an association.

In assessing an association, do not rely on tests of statistical sig-

nificance alone. Remember the words of Sir Austin Bradford

Hill. He stated ... “there are innumerable situations in which

they [tests of statistical significance] are totally unnecessary—

because the difference is grotesquely obvious, because it is neg-
ligible, or because, whether it be formally significant or not, it
is too small to be of any practical importance.”

®

> EVALUATION

Evaluation, for an epidemiologist, is the scientific process of deter-
mining the effectiveness and safety of a given measure intended to
control or prevent a health problem. Evaluation can involve a clinical
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trial that tests effectiveness of a drug, vaccine, or medical device and
the occurrence of adverse side effects. Evaluation also assesses inter-
vention programs in communities, as was done with the fluoridation
of water on the prevention of dental caries. Evaluation may also
assess the effectiveness of measures to control an epidemic.

Those who work in evaluation make a distinction between the
terms effectiveness, efficacy, and efficiency. The effectiveness of a ther-
apeutic or preventive agent or an intervention procedure is determined
during its use in a defined population. Efficacy, on the other hand, is
evaluated in terms of the benefit that such an agent or procedure pro-
duces under the conditions of a carefully controlled trial. Efficiency
evaluation assumes that therapeutic or preventive agents and interven-
tion procedures are effective and safe. Efficiency, therefore, concerns
the assessment of resources in terms of money, human effort, and time.

Characteristics of Epidemiological Evaluation

The epidemiological evaluation of a health problem has special char-
acteristics. First, the health problem is usually well defined. This
means that the epidemiologist does not need to be deeply concerned
with questions such as “Is there an epidemic?” Second, because the
problem definition is clearer, epidemiological evaluation customarily
has specific and explicit objectives that can be quantified. Third, a
case definition for the health problem has often been formulated in
detail before the epidemiologist begins field work. Finally, careful
planning of an evaluation study is often essential, so that a complex
set of study design issues need to be carefully addressed.

Epidemiologists evaluate a wide range of issues. An epidemic of
an infection, such as measles, may require an evaluation of vaccine
effectiveness. An unusual cluster of abnormal cytology reports may
suggest either an unusual cluster of cancer cases or a problem with
screening procedures for this condition. The epidemiologist may also
evaluate therapeutic and preventive measures in carefully designed
clinical trials in the community. Such measures may include an
assessment of the effectiveness of media interventions in children,’
vaccine efficacy,’ or promoting healthy workplace behaviors.” Epi-
demiologists may also evaluate programs intended to improve the
health of entire communities, despite the specific method of interven-
tion used, as is done in program evaluation. Worthwhile efforts like this
have been made in controlling epidemics of infection and with pro-
grams to prevent unplanned pregnancy. In addition, carefully organized
community trials have been used to evaluate the prevention of cardio-
vascular disease, nutritional deficiencies, and dental health problems.

The need for carefully designed clinical and community trials to
evaluate prevention programs and agents has led some writers to
characterize this as “experimental epidemiology.””® The scientific
desirability of carrying out randomized, blinded, controlled clinical
trial of a therapeutic or preventive intervention is undeniable.
Nonetheless, epidemiologists may need to evaluate health problems
in communities that exist, because a presumably effective form of
intervention did not adequately prevent or treat a health problem. This
topic is discussed in connection with vaccine efficacy during out-
breaks, when a randomized trial is not feasible either in terms of
resources or the urgency of the immediate problem.

Systematic Reviews and Meta-analysis

Systematic reviews and meta-analysis are critically important tools to
combine and synthesize the results of different research studies. Meta-
analysis uses statistical methods to obtain a numerical estimate of an
overall effect of interest. Its primary aim is to enhance the statistical
power of research findings when numbers in the available studies are
too small. It is more objective and quantitative than a narrative review.
In public health and clinical medicine, meta-analysis is often applied
by pooling results of small randomized controlled trials when no sin-
gle trial has enough cases to show statistical significance, but there are
many examples of meta-analyses of observational studies.”*3
Although meta-analysis is an important new tool for the epi-
demiologist, it has some pitfalls. First, the problems of bias take on
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new dimensions. One, called publication bias, results from the ten-
dency of authors and editors to put studies into print that have positive
findings in preference to those that show no association. In addition,
authors tend to select or emphasize studies that confirm their own
viewpoint by applying the criteria for inclusion in a meta-analysis that
varies from one study to another, thereby supporting their own beliefs.

> APPLYING EPIDEMIOLOGY TO PUBLIC HEALTH

Epidemiology, as the scientific basis for the practice of public
health, has important applications to resolving high-priority contem-
porary health problems. This closing section highlights three basic
applications.

Epidemic Control

Epidemiology applied to the control of epidemics is still relevant to
contemporary public health practice. While the AIDS pandemic is
well recognized, epidemics of many other types also occur. A recent
estimate, for example, indicated that several thousand epidemics
occur in the United States each year.

Program Practices and Operations

Preventive health service programs that affect the health of large pop-
ulation groups and geographic areas are also influenced by the work
of epidemiologists. The package inserts for OC pills have informa-
tion for women in their reproductive years that is taken directly from
the findings of epidemiological studies. Safeguards against the risks
of environmental and occupational exposures, such as those of radon,
asbestos, vinyl chloride, and tobacco smoke, are based on epidemio-
logical research. Immunization policy also rests on the scientific work
of epidemiologists.

Policy Development

Epidemiology is essential to the development of scientifically respon-
sible public health policy. Within the past decade and a half, the coun-
tries of North America have analyzed the health problems faced by
their citizens and proposed important new approaches to policy
development, focusing on nationwide health objectives. If these
objectives are to be met, professionals throughout public health and
preventive medicine will play essential parts. The role of epidemiol-
ogy and its practicing professionals is, however, not always clearly
recognized. Nonetheless, epidemiologists will be involved in carry-
ing out every essential task of the profession. Surveillance will be
required to provide a baseline description of the epidemiology of each
health problem and the ways in which it changes and evolves. Inves-
tigations will be carried out in communities as unexpected clustering
occurs of uncontrolled infections. In addition, emerging new infec-
tions, automotive and other vehicular injuries, suicides, homicides,
workplace fatalities, disabling exposures to chemical and physical
agents, and persisting problems of neoplasia and cardiovascular dis-
eases continue to limit the quality of life. Analysis will uncover pre-
viously unknown risk factors and ineffective prevention measures.
Evaluation will lead to the development of new community preven-
tive services and improved clinical treatment. Effective communica-
tion will be increasingly important to epidemiology as complicated
scientific studies influence the behavior of individuals and the laws
and regulations that govern communities.

What evidence is there that epidemiology can have this kind of
impact on the health of a population? The eradication of smallpox
from our planet is one such bit of evidence. The role of epidemiology
in this worldwide effort is now well documented. The development of
the Planned Approach to Community Health (the PATCH process)®!
has already begun to show how communities can use public health

surveillance to define the baseline of the health problems they face.
The provision of epidemic and epidemiological assistance by local,
state, and national public health agencies illustrates the ways in which
investigations influence public health. How the sum of all these
actions influences health and the quality of living will be determined
by the policies, programs, and practices through which they act. Epi-
demiology plays an important part in developing the scientific base
for this kind of societal change. It seems fitting that epidemiologists
also play a role in seeing that the outcome of these changes is a
desired one.
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Colin L. Soskolne ® John M. Last

Nations, communities, professional organizations, and their leaders
aspire to uphold values that are respected by the group as a whole.
These values, at the core of group identity, set the tone for ethical con-
duct among group members. There is often concern about questions
of “right” and “wrong,” with moral values, human rights, and duties
pertaining to behavior as a member of the group. Norms of ethical
conduct are sought for the group, anchored in its core values. In this
way, professional organizations, like society at large, distinguish
between acceptable and unacceptable conduct. Moral philosophy
provides frameworks for dealing with beliefs and practices and pro-
vides the basis for ethical conduct.

Significant national public policy differences can be attributed
to differences in national values. For instance, the United States was
founded on libertarian values, while Canada was founded on egali-
tarian values. Many in the United States do not believe in taxation for
the common good, whereas in Canada this value prevails. Hence
Canada has a system of publicly funded universal access to health care,
while the United States does not. Even so, there is substantial consis-
tency among human communities regarding some aspects of conduct,
for instance, almost universal taboos against murder and incest. But
social or group values, behavior, and policies have differed widely
over time and among civilized societies in such matters as infanticide,
abortion, euthanasia, capital punishment, slavery, and child labor.
Many people were relatively indifferent until recently to the integrity
of life-supporting ecosystems and the environment on which all soci-
eties, indeed all humankind, are ultimately dependent for their health
and well-being. As evidence mounts that human activities are endan-
gering long-term sustainability, larger numbers of people are express-
ing concern, although rarely matching this with action to conserve the
earth’s nonrenewable resources.

In Judeo-Christian and Islamic nations, many aspects of accept-
able conduct derive ultimately from ancient roots, such as the Ten
Commandments, whence evolved laws that have been codified to
protect society’s members. These laws have established precedent for
civilized social behavior. Translating science into laws that support
policy has ethical dimensions. The range of ethical concern includes
ensuring integrity in professional roles, the duty for community
engagement in research, and communication practices among stake-
holders and policy makers.

Educating students of public health in matters of ethics is now
commonplace. This should help to produce more effective guardians
of the public health, particularly as vested interests influence the roles
of public health professionals and their ability to protect the public
interest.

Note: Chapter in Public Health and Preventive Medicine, 15th edition. Edited
by R.B. Wallace, F Douglas Scutchfield, Arnold Shechter, et al.

»> ETHICS, MORALITY, VALUES, AND LAW

Ethics addresses issues of conduct among members of any group in
society. Morality relates more to society’s notion of what is “right”
and “wrong” on the broad social level of interaction. Ethics and
morality focus on normative behaviors for the group and for society,
respectively. Community standards of morality, or the moral values
of society, are the basis for many laws, whether these laws are deter-
mined by statute (enacted in a legislative body) or case law (based on
precedents from previous judgements rendered in a law court).

In general, we regard laws as a way of upholding the values of
society. While some actions may be legal, they can be unethical. For
instance, Apartheid (separate development) in the former South
Africa (1948-1994) and racial segregation in the Southern United
States through the early 1960s may have been legal, but their foun-
dations and application were deemed immoral and unethical by most
people elsewhere in the world.

At the professional level, it is illegal to assist a suicidal act, but it
is ethical for a physician to act so as to avoid prolonging needlessly
the pain and suffering sometimes associated with the process of dying.
This dilemma continues to be the subject of much legal and ethical
debate, even involving the President and Congress of the United States
early in 2005 in attempts to alter unanimous court decisions about
refraining from efforts to prolong life support for a brain-dead woman.
Community standards are also influenced by social values, which fluc-
tuate more than moral values. An example is American attitudes
toward alcohol that led to the constitutional amendment on Prohibi-
tion in 1922, and then to its repeal 13 years later.

In the health field, some epidemiologic studies have become part
of general knowledge and popular culture, affecting social values and
human behavior in many ways. Changing social values about health
have often led to behavior change, sometimes reinforced by laws or
regulations such as those that improved standards of food handling,
which led to safer working conditions and labor laws, better housing
conditions, and, more recently, to smoke-free environments. Increased
awareness of the hazards of smoking and sidestream smoke have
transformed social values in many western nations, making smoking
unacceptable in many settings where previously it was the norm.

Many communities have restricted smoking in confined spaces
and public places such as aircraft, public buildings and transportation
systems, theatres, cinemas, taxis, and restaurants. Often, the standards
have been codified in laws and regulations, and have led to changes
in public health policy on taxing tobacco products. The crowning
achievement is the UN Framework Convention on Tobacco Control,
approved by the World Health Assembly in 2002 (http://www.who.
int/tobacco/framework/en). This had been signed by 102 nations and
ratified by 57 as of 2005. A similar sequence can be traced in evolv-
ing attitudes to and public health policies on impaired driving, domes-
tic violence and child abuse, and (without regulations or laws) diet
and exercise in relation to coronary heart disease.
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One approach to assessing the “rightness” or “wrongness” of an
action, or of a proposed action, is the framework provided through the
principle-based approach to ethical analysis.! Other approaches, such
as virtue-based and deontology or duty-based approaches have their
place in ethical analysis. Another approach is casuistry,? that is, the
case-based approach. Like law, this draws on precedent to determine
the ethical appropriateness of an issue under consideration. It is
beyond the scope of this chapter to address all approaches, so we con-
fine ourselves to the principle-based approach.

»> PRINCIPLES OF BIOMEDICAL ETHICS

In western industrial nations, many principles of ethics have descended
from Aristotle, whose Ethics® (fourth century BCE) discussed many
actions aimed at achieving some good or desirable end. Aristotle’s con-
cepts of ethics resemble in some ways the biblical precepts of the Old
Testament and the teachings of Jesus of Nazareth. Aristotle’s philoso-
phy and the Judeo-Christian beliefs were modified by John Stuart
Mill and Immanuel Kant, whose names are associated respectively
with theories of ethics called utilitarian (greatest good for the great-
est number) and deontological (recognizing rights and duties to
behave in certain ways, generally because they conform to religious
beliefs or other widely held moral values).

Much of medical ethics is founded upon four principles, respect
for autonomy, non-maleficence, beneficence, and justice.

Respect for autonomy refers to the individual’s right to self-
determination and respect for human dignity and freedom. This
includes the need to tell the truth (veracity) and to be faithful to
one’s commitments (fidelity).

Non-maleficence refers to taking actions that will not result in
harm, derived from the ancient medical maxim, primum non
nocere (first, do no harm).

Beneficence refers to the need through one’s intended actions to
do good, which members of the public health professions like to
think is the main function of public health; although, sometimes
we are viewed by others as “do-gooders,” interfering busybod-
ies whose paternalist interventions are unwanted and sometimes
resented.

Justice refers to social and distributive justice, requiring fairness
in the distribution of risks and benefits, and to the need for equity
and impartiality across all members of the greater community.

These four principles are upheld as far as possible in all aspects
of decision-making in health care and public health. However, it is
unlikely that all four principles can operate with equal weight in rela-
tion to every action to be considered. A natural tension operates among
the four principles. The principle-based approach to ethical analysis
allows us to be transparent in the rationale for our actions. In applying
this approach to ethical analysis, we articulate our arguments for plac-
ing greater weight on one over other principles. Thus, in public health
practice, when we must restrict an individual’s freedom (respect for
autonomy) by confining an infectious person in the interests of justice,
we justify this action because of our need to do good. In this example,
the well-being of the majority would be at risk of exposure to infec-
tion if the infectious person(s) were not isolated, and in some
instances, apparently healthy contacts were not quarantined.

In modern medical practice and research, many entirely new sit-
uations have arisen. Some are a consequence of advancing medical
science (e.g., the problems presented by organ and tissue transplants,
intensive care life support systems, genetic engineering, new repro-
ductive technologies). Others are a result of changing social values.
An example of changing social values, with important implications
for medical ethics, is the increasingly widespread belief that women
should be able to control their own reproductive systems, rather than
have imposed upon them the view held sincerely by many people for
religious or other reasons, that it is sinful to interfere with natural
reproductive processes, whether to reduce the risk of pregnancy or to

terminate an unwanted pregnancy. There is great variation in the
extent to which individuals and groups in society regard interference
with pregnancy as tolerable, sinful, or criminal. The variation may be
related to conflict between a moral value (right to life) and a social
value (freedom of choice). In the United States, few issues have led
to such bitter and acrimonious argument. In other nations, a degree of
amity has been achieved among proponents and opponents of repro-
ductive choices for women.

In the United States, in 2004—2005, the administration attempted
to reduce the effective weight of science in Advisory Committees on
public health policy by advancing instead nonscientific notions
founded on fundamentalist religious and neoconservative ideologies,
despite protests from many leaders of scientific thought (http:/www.
ucsusa.org/global_environment/rsi/index.cfm). Some of these actions
have been accompanied by use of pejorative phrases, such as “junk sci-
ence,” in reference to such bodies of expert opinion as the Intergov-
ernmental Panel on Climate Change. Ad hominem attacks on expert
opinion have no place in scientific research or in its practice.

In the discussion that follows, the principles of respect for auton-
omy, non-maleficence, beneficence, and justice are applied to show
how we try to arrive logically at “correct” decisions when we are
faced with ethical tensions and ambiguous situations in public health
research and practice. Some of the ambiguities are as difficult to
resolve as the ethical problems of clinical practice. There is not
always a “right answer”; therefore, it is preferable to apply logically
the principles of biomedical ethics rather than to rely on ex cathedra
statements of “expert” opinion. However eminent the experts may be,
ex cathedra statements are often flawed. Finally, in applying these
principles the context, including local values and laws, are relevant
and important for determining the most appropriate course of action.

> RIGHTS AND NEEDS: COMMUNICABLE
DISEASE CONTROL

The concept of contagion has been recognized for centuries. Many
communities have reacted to the threat of contagion by identifying
persons suffering from “contagious” diseases and sometimes by seg-
regating or isolating them. These customs date back to the leper’s bell
and the lazaretto. Since the fourteenth century, the practice of quar-
antine has arisen; this led to development of procedures aimed at
restricting freedom of movement of apparently healthy people in con-
tact with persons thought to be contagious. These procedures were
codified by Johann Peter Frank* and subsequently reinforced by laws
and regulations in organized societies all over the world.

Notifying cases of infectious disease means that individuals are
labelled, and in practice this has often meant that they carry a stigma.
Isolation and quarantine, of course, restrict freedom. Notification, iso-
lation, and quarantine can be applied to individuals, to families, even
to entire communities. These practices are widely accepted features
of communicable disease control. Stigmatizing by notifying and
restricting freedom infringes individual autonomy, but these practices
are generally held to be necessary restrictions whose purpose is to
benefit society as a whole.

Until recently, there has been little objection to measures aimed
at controlling communicable diseases. The need of society for protec-
tion has been considered paramount over the rights of the individual
case or the contact. When smallpox, cholera, poliomyelitis, diphthe-
ria were prevalent, few people questioned the actions of public health
authorities who notified and isolated cases, quarantined contacts,
sometimes severely infringing the freedom and dignity of entire fam-
ilies. Some diseases, for example, tuberculosis, carried considerable
social stigma—which was worst of all in cases of syphilis. These fea-
tures of communicable disease control have been tolerated because
they were believed to be necessary for effective control.

Reactions to essentially the same phenomena, when they arise
in relation to cases of AIDS and HIV infection, have been subtly dif-
ferent. The first wave of the AIDS epidemic in the United States hit
hardest at an already stigmatized group, male homosexuals, who had



only recently been able to break free from age-old prejudices. The
hostile reaction toward persons with AIDS among many members of
“respectable” society was aggravated by homophobia and by exag-
gerated notions about how the infection could be acquired. Combined
with the rising demand for equity and justice in dealing with minor-
ity groups in society, it heightened awareness of the need to provide
health-care services with justice and equity for all.

Widely publicized instances of victimization of AIDS patients—
homosexual men hounded out of their jobs, men of Haitian heritage
and hemophiliac children rejected by schools, even communities—
aroused public opinion on the side of compassionate and humane man-
agement of these patients. A second wave of the epidemic affected
intravenous drug users who shared needles, and this group did not
attract so much sympathy, although, infants infected with HIV have
generally been recognized as “innocent victims” of the epidemic.

Health professionals should recognize when they are being
swayed by such value judgements, and they must resist such pres-
sures. Public health workers need to know and understand the behav-
ior patterns associated with the transmission of HIV; without this
understanding it is impossible to prepare effective strategies and tac-
tics to control the HIV epidemic. Moreover, even if somebody con-
tracts AIDS or HIV infection as a consequence of behavior that some
members of the health professions might regard as a sin or a crime,
we all have an obligation to apply our professional skills impartially
and nonjudgementally, especially in an emergency room setting. The
only alternative is to make a referral to an otherwise competent pro-
fessional or hospital. The patient’s life cannot be left in jeopardy.
These circumstances also can exert grave pressures on professionals.
In central Africa in the early years of HIV/AIDS, some health pro-
fessionals were politically forced to leave their countries for writing
about the AIDS problem in their countries.

The social reactions to AIDS and HIV infection have led to
much discussion about ethical aspects of management. A diagnosis
of HIV infection even to this day carries a grave burden of not only
cost, but also of both stigma and concern for one’s life. The diagno-
sis, thus, must not be lightly made, nor the test for HIV antibody
lightly undertaken: both voluntary testing and communicating the
results of a positive test must be accompanied by careful counselling
of all persons concerned, and their sexual or otherwise intimate part-
ners.> Health workers have a particular obligation not to discriminate
against persons who are HIV antibody positive or who suffer from
AIDS. The obligation of physicians and nurses to care for patients
with HIV infection is no less than the obligation to care for patients
with any other contagious disease. Moreover, HIV infection is con-
siderably less contagious than conditions such as tuberculosis or
streptococcal infection from which in former times many physicians
and nurses died after being infected by patients.

For epidemiologic surveillance, public health authorities need
data on the prevalence of HIV infection. The World Health Organi-
zation and many national authorities agree that unlinked anonymous
HIV testing is the best way to generate prevalence data.® Aliquots of
blood, taken for other purposes from large representative populations,
are tested for HIV antibody after all personal identifiers have been
removed. Suitable populations include pregnant women and newborn
infants.

In the United Kingdom and in the Netherlands, it was held for a
time that anonymous unlinked testing is unethical, because identify-
ing and counselling cases and their sexual partners was regarded as a
higher moral responsibility than determining community-wide preva-
lence trends. In some developing nations, where prevalence of HIV
infection is very high, public health authorities have taken a different
view: they believe that the need for prevalence data is urgent enough
to justify compulsory testing—but as neither treatment nor counsel-
ing are feasible in some countries, results of the tests are withheld
even from persons found to be HIV antibody positive.

The rules that have evolved regarding testing and reporting for
AIDS and HIV infection are a variant on rules and procedures for iden-
tifying, notifying, and initiating control measures for other sexually
transmitted diseases, or indeed for many other forms of communicable
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disease. These rules are not draconian. With the exception of Cuba,
where HIV antibody positive persons were for some years subject to
enforced quarantine, there have been no serious intrusions on personal
liberty. There are other severe sanctions: restrictions on employment,
life and health insurance, freedom to move from one nation to another
(it makes no epidemiologic sense and violates human rights, but HIV
antibody-positive aliens are denied entry visas to the United States
and to some other countries.”

Many monographs on AIDS include extensive bibliographies®
on its ethical dimensions. Not only are human rights and legal argu-
ments appropriate in deciding the handling of any new contagion, but
the best available knowledge on how transmission does and does not
occur needs to be brought to bear when conducting an ethical analy-
sis. Ultimately, consideration of the four principles will require that
we do more good than harm. Stigmatization and the threat of stigma-
tization can serve to cause great public health harm simply by virtue
of pushing behaviors underground and not allowing access for con-
trolling the spread of infection. Supportive and compassionate envi-
ronments likely always result in better control than do oppression and
stigmatization. Several physicians who have been at the forefront of
work on HIV/AIDS epidemiology and control have written and spo-
ken widely about the related issues of ethics and human rights.’

> INDIVIDUAL RIGHTS AND COMMUNITY NEEDS:
ENVIRONMENTAL HEALTH

The rights of individuals have to be balanced against the needs of com-
munities in other respects, besides control of communicable diseases.
Most orderly societies have laws or regulations aimed at protecting
people against tainted foodstuffs, unsafe working conditions, and
unsatisfactory housing, though the strength of these laws and regula-
tions is very variable and enforcement is often lax. Frequently, it is nec-
essary for aggrieved parties to resort to litigation before an issue can be
resolved. Community values and standards have lately shifted toward
greater control over environmental hazards to health, reflecting wide-
spread and growing concern about our deteriorating environment. In
Canada, the Law Reform Commission proposed strict legal sanctions
to protect the public from the consequences of “crimes against the envi-
ronment”'? but a code of environmental ethics, such as that proposed
by Bankowski,!! would be a better solution: those who pollute the envi-
ronment harm themselves as well as everybody else, so it is in every-
body’s interest to follow the edicts of such a code. The question of
whether environmental health is a basic human right is being debated. '

Sometimes health is adversely affected by environmental con-
ditions, but correcting these conditions may have unpleasant eco-
nomic repercussions, such as massive unemployment, and may be
opposed by the people whose health is threatened. Public health spe-
cialists then are in the situation portrayed by Dr. Stockmann in
Ibsen’s play, An Enemy of the People. It is difficult to decide the best
course of action in such situations, but a useful guideline is to con-
sider the ethical principles of justice and non-maleficence: what is the
fairest way to deal with the situation? Which of the competing prior-
ities will harm the fewest people over the longest period?

The Bush administration has significantly weakened laws and
regulations on environmental and occupational health and safety, for
example, relaxing standards on arsenic in drinking water, air quality
emissions, and much else in response to political and ideological
pressure from its supporters, despite strong scientific evidence of the
harm this can do. Transnational corporations, with tacit or occasion-
ally explicit support from some national governments and the World
Trade Organization, have often attempted to weaken or emasculate
aspects of public health laws and regulations aimed at protecting the
population from unnecessary occupational and environmental health
risks. Such actions are motivated by desire for greater profits and are
opposed by advocacy groups for public health and environmental
protection. Public health scientists, notably epidemiologists, toxicol-
ogists, and environmental scientists, not infrequently are drawn into
decision-making discussions with legislators, often with considerable



30 Public Health Principles and Methods

media attention. In such circumstances, it is the ethical duty of all
public health scientists to uphold the public good and to avoid doing
the bidding of corporations whose primary raison d’etre has become
one of making profits for their shareholders.

> RISKS AND BENEFITS

Faced with an outbreak of smallpox in 1947, the public health author-
ities of the City of New York vaccinated about five million people in
a brief period of six weeks or so. The human costs of this were 45
known cases of postvaccinial encephalitis and four deaths'>—an
acceptable risk in view of the enormous benefit, the safety of a city of
eight million, among whom thousands would have died had the epi-
demic struck, but a heavy price for the victims of vaccination acci-
dents and their next of kin.

Similar risk-to-benefit ratios have to be calculated for every immu-
nizing agent. Consider measles: there is a risk somewhere between
one in a million and one in five million of subacute sclerosing panen-
cephalitis (SSPE) as an adverse effect of measles vaccination.!*
Measles is close to elimination from North America (despite recent
flare-ups). If we continue to immunize infants against measles after
its elimination, there will be an occasional case of SSPE or some
other unpleasant adverse consequence, perhaps an episode with many
cases of septicemia from a contaminated batch of vaccine. This fact,
and the cost of measles vaccination in face of competing claims for
other uses of the same funds, is an incentive to stop using measles
vaccine; but the risk of stopping will be the return at some later date
of epidemic measles, perhaps not until there is a large population of
virgin susceptibles. History could repeat itself: mortality rates as high
as 40% occurred when measles was introduced into the Americas by
European colonists several hundred years ago. High death rates
would be unlikely in the era of antibiotics, but the morbidity and com-
plication rates would be troublesome in a non-vaccinated population.
Similar risk-cost-benefit debates arise in relation to other vaccine-
preventable diseases, and the risks of adverse reactions to most other
immunizing agents are greater than the risks of measles vaccine, but
the risks of not immunizing are almost always greater.'>

One duty of all who conduct immunization campaigns is to
ensure that everybody is aware of the risks as well as having the ben-
efits clearly explained to them. In short, informed consent is an indis-
pensable prerequisite. This becomes especially important when chil-
dren are not admitted to school until their parents or guardians can
show evidence of immunization, that is, when immunization is manda-
tory rather than voluntary.

In the United States and some other countries, the threat of liti-
gation in the event of vaccination mishaps is a deterrent to immu-
nization procedures, even a threat to the manufacturers of vaccines.
But health-care providers can be sued for negligence if they fail to
immunize vulnerable persons or groups, as well as for damages if
there are adverse reactions—a Hobson’s choice. In Britain, France,
Switzerland, New Zealand, and some other countries, the threat of lit-
igation has been removed by legislation providing for a standard scale
of compensation for accidents and untoward effects associated with
immunization programs. A bill with similar provisions was enacted
by the United States Congress in 1986, but must be matched by com-
parable provisions at state level before it can be implemented and as
of 2005 that has not been fully achieved (http://www.usdoj.gov/civil/
torts/const/vicp/about.htm).

Acceptable Risks

In many other situations we trade risks against benefits. The use of
diagnostic radiography (x-rays) is an example. The epidemiologic
evidence demonstrates that a single diagnostic dose of x-ray may
harm the developing human fetus.'® But, there are medical conditions
in which this small and distant future risk is acceptable because the
alternative is a larger and more immediate risk, such as serious com-
plications of untreated renal disease. Diagnostic imaging techniques,

such as ultrasound, have removed what was previously a difficult
clinical decision when x-rays were the only resort of the obstetrician
who suspected fetal malposition or disproportion, but diagnostic x-
rays remain the best procedure for some conditions.

Health administrators and hospital staff members also accept the
small risk of malignant disease among radiographers and other health
workers occupationally exposed to x-rays, and the risk of fetal loss
among operating room staff exposed to waste anesthetic gases—but
not all the occupationally exposed individuals are informed of this
admittedly small risk, as they ought to be by those in positions of
responsibility.

Mass Medication

Risk-benefit calculations are required for all forms of mass medica-
tion, not only for immunizations. The possibility of adverse effects or
idiosyncratic reaction always exists. The opposition to fluoridation of
drinking water is based in part on the unfounded fear of cancer or
some other terrible disease as a consequence. The apparent associa-
tion between fluoridation and cancer has been shown by epidemio-
logic analysis to be spurious,'” although the debate has continued,
because opposition to fluoridation is based mainly on emotional and
political grounds rather than on science. Indeed, this is a political
rather than a public health issue, in which the catch-phrase of the anti-
fluoridation movement—*“keep the water pure”—is difficult to rebut.
Other political arguments with some ethical foundation rest on the
claim that fluoridation is a paternalist measure, inflicted upon the pop-
ulation whether they like it or not. According to this argument, peo-
ple in a free society should be able to choose for themselves whether
to drink fluoridated water. Responsible adults can choose, but for
infants and small children, fluoridated drinking water makes all the
difference between healthy and carious teeth. Using the ethical prin-
ciple of beneficence, public health authorities argue that infants and
small children should receive fluoride in sufficient quantity to ensure
that their dental enamel can resist carcinogenic bacteria. However,
this is seen by some as an obsolete paternalistic approach to the prob-
lem of dental caries in children.

Some people have a genuine conscientious objection to mass
medication such as fluoridation of drinking water or immunization of
their children against communicable diseases. Opting out can be dif-
ficult. Opting out of fluoridation means the trouble and expense of
using special supplies of bottled water. To opt out of immunization
can mean exclusion of one’s children from schools that make entry
conditional on producing a certificate testifying to successful immu-
nization against measles, poliomyelitis, and to some other diseases
including mumps and rubella. The argument in favor of immuniza-
tion is strengthened by reports of epidemics of paralytic poliomyelitis
among children of members of religious sects that oppose immu-
nization.'® Children, it can be argued, should not be exposed to risks
because of their parents’ beliefs. In many jurisdictions, courts have
intervened to save the lives of infants and children requiring blood
transfusions that their parents object to for religious reasons; but, the
circumstances are different when immunizations are offered to healthy
children with the aim of protecting them against diseases that are rare
anyway. This is a difficult dilemma when the immunizing agent has
adverse effects. The principles of beneficence and non-maleficence
appear to cancel each other out in the debate about at least some vac-
cines; there remains another argument based on the principle of jus-
tice or equity: all infants deserve the protection of vaccines, even
though a small proportion of infants may be harmed.!

Privacy and Health Statistics

Many people are troubled by the thought that intimate information
about them is stored in computers, accessible in theory to anyone who
can operate the keyboard. Of course, the same information has long
existed in narrative form in medical charts, where it was as easily
accessible to unauthorized readers as it now allegedly is to unautho-
rized computer operators. As many as a hundred people are authorized



to make entries in the hospital chart of the average patient in an acute
short-stay general hospital bed, and all must read the chart if their
entry is to make sense in context. In this respect, the confidentiality
of the physician-patient relationship, the cornerstone of the argument
for privacy, is a myth.2

Computer storage and retrieval of health-related information
greatly enhances the power of analysis to reveal significant associa-
tions between exposures and outcomes. Much of our recently
acquired knowledge about many causal relationships has come from
routine analyses of health statistics and from epidemiologic studies
that have made use of existing medical records. Examples include the
associations between rubella and birth defects, cigarette smoking and
cancer, exposure to ionizing radiation and cancer, adverse drug reac-
tions such as the thromboembolic effects of the oral contraceptive
pill, excess deaths from use of certain antiasthmatic drugs, and so on.

Community benefit outweighs any harm attributable to invasion
of privacy, especially as that harm is theoretical—respect for autonomy
remains intact. In some nations, for example, Sweden and Australia,
government-appointed guardians of privacy oversee the uses of med-
ical and other records when these are requested for research purposes.

Resistance to use of routinely collected medical records for epi-
demiologic analysis has come not only from guardians of privacy, but
also from special interest groups who would prefer that inconvenient
facts should not be disclosed. Industrial corporations sometimes have
tried to prevent disclosure of the adverse effects of occupational or
environmental exposures, which it has not been in their financial
interests to have widely known. Even governments that ought to have
the public interest as their first priority have been known to suppress
information derived from analyses of health statistics when it is polit-
ically inconvenient for such information to be publicized. Public
health workers and epidemiologists must be alert to the risk of these
forms of “censorship” and must be prepared to defend access to
sources of health-related information.

Applying the principle of beneficence, it is desirable not only to
maintain data files of health-related information, but to expand them.
Available ideas as well as available information should be used for
the common good, while simultaneously respecting the individual’s
right to privacy. Statistical analysis of health-related information has
been so convincingly demonstrated to be in the public interest that
there is no rational argument against continuing on our present course
and expanding further the scope of these activities. This argument
applies with particular force to the use of linked medical records,
potentially the most powerful method of studying rare diseases and
those with very long incubation times .

In the mid-1990s, the European Union issued a privacy direc-
tive that would have all but excluded any potential for the conduct of
linkage studies. Powerful logical arguments presented by advocates
for epidemiological and social research led to modification of the
European Union directive to allow access to personal information for
public health-related research.?!

Health workers have an obligation to respect the confidentiality
of the records that they use. Irresponsible disclosure of confidential
details that can harm individuals is not only unethical, but can arouse
public opinion against collection and use of such material. Properly
used, health statistics and the records from which they are derived do
not invade individual privacy. As Black?? has pointed out, the argu-
ment that individual rights are infringed in the interests of the com-
munity is an example of a “false antithesis”—the rights of the indi-
vidual are congruent with the needs of the community, not in conflict,
because as a member of the community, every individual benefits
from analyses based on individual health records.

Generally, the law reinforces this ethical position while uphold-
ing respect for autonomy by safeguarding privacy. For example, a
U.S. Court of Appeals ruled in favor of preserving the confidentiality
of medical records used by the Centers for Disease Control and Pre-
vention in an epidemiologic study of toxic shock syndrome attributed
to the use of certain varieties of vaginal tampon. Lawyers for the man-
ufacturer of these tampons had tried to subpoena the records so that
they could call the women as witnesses and presumably challenge
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their testimony. The court ruled that it would not be in the public
interest to establish a precedent in which records of epidemiologic
importance could be used in this sort of adversarial situation; this
would be a deterrent to those aspiring to conduct future epidemiologic
studies, and to participants in such studies.”> However, in 1989 a U.S.
Circuit Court ruled in favor of a tobacco company, granting access to
clinical records that had been the basis for another epidemiologic
study.?* The issue of confidentiality of medical records, and their sub-
sequent use for epidemiologic analysis, remains open; the potential
threat that courts may grant access to hostile interest groups is a deter-
rent to patients if they are asked to give informed consent to the use
of their medical records for epidemiologic study, and to epidemiolo-
gists, unless this matter can be clarified. In 1990, the Society for Epi-
demiologic Research agreed, after much debate, that research data
should be shared with outside parties who might wish to reanalyze
raw data.” Reasons for reanalysis ought not to influence the right of
access.

With the introduction of the Personal Information Protection and
Electronic Documents Acts (PIPEDA) in Canada and their equiva-
lents in other countries, much concern for access to health informa-
tion for research purposes has resulted.? In the United States, the
Health Insurance Portability and Accountability Act (HIPAA) was
signed into law on August 21, 1996. Effective April 14, 2003, this Act
requires that covered entities secure confidentiality documentation
from researchers before disclosing health information. However, neg-
ative consequences of this legislation for the conduct of epidemio-
logic research have been noted.?”

Informed Consent

The process and procedures for obtaining informed consent?® should
be clearly understood by all engaged in health research and practice.
The process consists of transfer of information and understanding of
its significance to all participants in medical interventions of all kinds,
followed by explicit consent of the person (or responsible proxies) to
take part in the intervention. The task of informing is important;
someone senior and responsible should conduct it. The obtaining of
informed consent should not be delegated to a junior nurse or a med-
ical student.

Consent is usually active, that is, agreement to take part; some-
times it is passive or tacit, that is, people are regarded as taking part
unless they explicitly refuse. Consent need not be written: the act of
offering an arm and a vein for the withdrawal of a sample of blood
implies consent; the essential feature is in the understanding of the
purpose for which the blood is being taken. Concepts of respect for
autonomy vary. In some cultures, patients regard their personal physi-
cian as responsible for decisions about participation; in other cultures,
a village headman, tribal elder, or religious leader is considered to
have responsibility for the group, in which individuals do not per-
ceive themselves as autonomous. Nonetheless, each individual in
such a group should be asked to provide consent to whatever proce-
dure is being conducted as part of a public health intervention or epi-
demiologic research project.

An egregious violation of informed consent was the Tuskegee
Experiment where, over several decades, the natural history of
syphilis was investigated. In conducting this research, approvals by
United States’ government agencies allowed an experiment to con-
tinue without the need to disclose to participants (predominantly
black citizens) the diagnosis of syphilis so that newer treatments
could have been administered. The overriding interest of the experi-
ment dominated decision-making, namely to see what the effects of
untreated syphilis would do to the men enrolled in this prospective
cohort study. The wrong done to the victims was belatedly recognized
and on May 16, 1997, President Clinton publicly apologized to one
of the last survivors for what had happened to him and other victims
of this unprincipled experiment (http://www.med.virginia.edu/hs-
library/historical/apology/whouse.html). A teaching module based
on this experience is provided at http://www.asph.org/UserFiles/
Module2.pdf.
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Obligations of Epidemiologists

The Helsinki Declaration and its revisions? govern the conduct of all
health workers in contact with people. This Declaration calls for
respect for human dignity (autonomy), avoiding harm to people, and
equity in dealing with people.

The obligation of epidemiologists to respect the Helsinki Decla-
ration is inviolable. However, sometimes epidemiologists are dealing
not with individuals but with the aggregated records of very large
populations; it is not then feasible to obtain the informed consent of
every individual whose records have contributed to the statistics.®
Sometimes the records are those of deceased persons. Epidemiolo-
gists are then expected to abide by a code of conduct such as that
formulated by the International Statistical Institute for official sta-
tisticians.?' This is made formal in many nations by requiring those
who work with official records to take an oath of secrecy. However,
in some countries, for example, Sweden, France, West Germany,
there have been public and political concerns about access to and use
of official statistics such as death certificate and hospital discharge
data. There have even been proposals to respect the privacy of the
dead by withholding from death certificates the cause of death when
the cause carries a stigma such as AIDS, although the motivation may
really be to avoid embarrassing next of kin.

Although respect for privacy is a paramount concern of epi-
demiologists in both surveillance and research, sometimes privacy
must be invaded, for example, when sexual partners must be traced
as part of control measures for sexually transmitted diseases. Indi-
vidual integrity, if not autonomys, is respected by obtaining informed
consent whenever possible to these invasions of privacy. The Canadian
Institutes of Health Research (CIHR) embarked on a major initiative
to examine the role of secondary use of information in health
research. A report was produced in 2002 documenting the utility of
epidemiologic enquiry to great public advantage.*

> ETHICAL RESEARCH AND ETHICAL PRACTICE
INTHE PUBLIC HEALTH SCIENCES

The focus of this chapter is on ethics related to research with some
implications for ethical public health practice. The difference is the
distinction between data-driven research and the application of
research findings to public health practice. Public health surveillance
and epidemic investigation are often in a grey area, partly research and
partly practice. Program evaluation is considered to be an aspect of
routine public health practice, although here too there may be grey
areas.

Since the 1980s, procedures have evolved for reviewing research
proposals that are funded by public agencies and some other sources.
While there are no formal ethical review requirements for much
research funded privately (for example, for research undertaken by phar-
maceutical or industrial corporations), academic researchers involved
in such research are required to submit their research intentions to eth-
ical review by the academic institution with which they are affiliated.

While no formal ethical oversight procedures exist for public
health practice, public health practitioners must be concerned about
interventions when there is no scientific basis for their existence. Pub-
lic health action in the absence of evidence may be unethical.

Policy Statements, Guidelines, and Codes of Conduct

Since its inception over 100 years ago, the American Public Health
Association has issued a steady stream of policy statements dealing
with every aspect of public health practice and science. A policy
review (http://www.apha.org/ Search on legislative policies) shows
that a great many have had ethical dimensions, touching on issues
including autonomy, informed consent, beneficence, non-maleficence,
truth telling, integrity, conflicts of interest, equity, and justice, in both
general and specific terms, in relation to a host of specific issues and
problems. In the early 1990s, APHA began to develop guidelines for

the ethical practice of public health. These were adopted by the
APHA Governing Council in April 2002 and continue. (Search “eth-
ical guidelines” at http://www.apha.org).* Other public health orga-
nizations similarly have a long history of concern about ethical
aspects of public health science and practice. In the United States, the
Public Health Leadership Society published Principles of the Ethical
Practice of Public Health in 2002 (see http://www.phls.org). This
document relates 12 ethical principles to the 10 essential public
health services discussed elsewhere http://www.phls.org/docs/
PHLSethicsbrochure.pdf .

Ethics Guidelines for Epidemiologists

Several ethical problems have preoccupied many epidemiologists,’*3
who have devoted much effort to defining the issues and formulating
appropriate responses. Groups that have discussed or developed guide-
lines include the Society for Epidemiologic Research,’ the Industrial
Epidemiology Forum,*” the Swedish Society of Public Health Research
Workers,* the Australian Epidemiological Association, the Interna-
tional Epidemiological Association,® the International Society for
Environmental Epidemiology,* and the American College of Epi-
demiology.*! Most epidemiologic studies, whether for public health
surveillance or for research, involve human subjects (participants)
and must therefore abide by the Helsinki Declaration and its revi-
sions, respecting human dignity. Research and surveillance must not
harm people,** and informed consent is usually a sine qua non.

Ethics Review

A mandatory requirement for funding of all research involving human
participants as subjects in research studies is that the research proposal
must demonstrate on critical appraisal by expert reviewers that it com-
plies with ethical requirements. In the United States, all research sup-
ported by public funds and almost all supported by private foundations
or other sources must be reviewed by an Institutional Review Board
(IRB). The same procedures exist in all the countries of the European
Union and most, if not all, other countries in the developed world.
IRBs in the United States and their equivalents elsewhere are made
up of members from the scientific community, one or more experts
on biomedical ethics, and lay members from community groups (fre-
quently the members include a lawyer and a representative of one or
more religious groups). Ethical review includes scrutiny of the scien-
tific merits of a research proposal, because poor quality scientific
research design is ipso facto unethical; but obviously the main thrust
of the review is directed at examining whether the proposed research
is ethically acceptable. The criteria for acceptability are rigorous,
spelled out in detail in published manuals produced in the United States
by the National Institutes of Health (http://ohsr.od.nih.gov/guidelines/
graybook.html and http://ohsr.od. nih.gov/guidelines/guidelines.html),
in Canada by the three principal national research-granting agencies
(http://www.pre.ethics.gc.ca/english/pdf/TCPS %20June2003_E.pdf),
in the United Kingdom by the Medical Research Council (http://www.
nature.com/cgi-taf/DynaPage.taf?file=/nature/journal/v352/
n6338/full/352746b0.html&filetype=pdf,http://www.york.ac.uk/res/
ref/kb.htm, http://www.dh.gov.uk/Policy AndGuidance/ResearchAnd
Development/ResearchAndDevelopmentAZ/ResearchEthics/fs/en?
CONTENT_ID=4094787&chk=5GkN4Q, and http://www.corec.
org. uk/), and in other nations by agencies of comparable stature. The
Council for International Organizations of the Medical Sciences
(CIOMS) has produced an over-arching series of internationally
approved guidelines for ethical review of biomedical research,
including research in all public health sciences involving the partici-
pation of human subjects, as well as similar ethical guidelines for
research with animal subjects (http://www.cioms.ch/frame_guidelines_
nov_2002.htm).

The features of research proposals assessed in ethical review, in
addition to scientific merit, include evidence of compliance with
requirements for informed consent, absence of conflicting interests,



TABLE 3-1. REQUIRED ELEMENTS IN AN INFORMED
CONSENT FORM

¢ A statement that the study involves research.

¢ An explanation of the purposes of the research.

¢ An explanation of the expected frequency, type of activities or
procedures, and duration involved in the subject’s participation. A
description of the procedures to be followed.

Identification of any procedures which are experimental.

A description of any foreseeable risks or discomforts to the subject.
A description of any benefits to the subject or to others, which may
reasonably be expected.

A statement describing the extent, if any, to which confidentiality of
records identifying the subject will be maintained.

For research involving more than minimal risk, and explanation as
to whether any compensation and/or medical treatments are avail-
able if injury occurs and, if so, what they consist of, or where further
information may be obtained.

An explanation of whom to contact for answers to questions about
the research and subjects’ rights, and whom to contact in the event
of a research-related injury.

A statement that participation is voluntary, refusal to participate will
involve no penalty, and the subject may discontinue participation at
any time.

Consent form is written in uncomplicated language appropriate to
the subject population’s level of comprehension.

A statement regarding any financial interests the researchers may
have in the particular study or research program.

Note: Additional consent requirements may apply for research
involving certain populations (i.e., assent forms may be required for
minor subjects, translated consent forms are required for subjects
who speak a different language).

sensitivity to cultural variations, minority rights, provision for interac-
tion with research participants (i.e., subjects) while the study is in
progress and feedback of the research findings on its completion, and
various other requirements listed in Table 3-1.

Ethical review is a mandatory prerequisite and is generally well
received by research workers, although there are sometimes com-
plaints about excessive bureaucratization of the process, for example,
with requirements for the research workers to reproduce at their own
expense multiple copies of all relevant documents for all members of
the IRB or its equivalent. Occasionally, the process takes on an adver-
sarial quality, which is regrettable, and may in itself be unethical.
Some privately funded research, including some studies undertaken by
pharmaceutical and industrial corporations and some clinical trials of
alleged innovative therapeutic regimens, evades ethical or indeed sci-
entific review. Studies with such absence of official approval may
have dubious scientific merit and may depart in various ways from
acceptable ethical standards, and they should therefore be viewed
with suspicion. The World Association of Medical Editors has pro-
posed sanctions against publication of findings from such work in the
mainstream scientific media. Information and discussion of this are
available at http://www.wame.org.

Impartiality and Advocacy

Epidemiology, like all sciences, strives for objectivity, so it ought to
be impartial. Often, however, epidemiologic findings reveal dangers
to health that require activist campaigns aimed at changing the status
quo, sometimes in direct opposition to established custom and social,
economic, commercial, industrial, political interests and institutions.
The discovery that smoking causes lung cancer is a good example that
now has, after some 50 years of disinformation, been brought to a
close: the epidemiologists who identified this massive public health
problem became advocates for better health and opponents of the
tobacco industry, and of the many institutions of society that encouraged
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the use of tobacco. Advocacy and scientific objectivity are uneasy bed-
fellows; and epidemiology is not “value-neutral.” In many situations,
since the early days of the controversy about the connection between
smoking and lung cancer (long ago resolved and no longer a contro-
versy) public health workers in general, and epidemiologists in partic-
ular, have had to wrestle with the problem of reconciling impartiality
with advocacy of measures to enhance health. Despite this, epidemiol-
ogists for hire have promoted the interests of the tobacco compa-
nies.*®# These mercenary colleagues have helped to perpetuate an epi-
demic of tobacco-related premature death and morbidity worldwide for
five decades.*’ This conduct persists not only in relation to tobacco, but
in relation to other environmental toxicants.*

Standards of scientific rigor in biomedical research have risen
considerably in recent years, but episodes of gross violations occa-
sionally come to light. One form of flawed research is sometimes on
the indistinct boundary between sloppy, careless science on the one
hand, and, on the other hand, outright fraud that can occur when data
are altered after the fact, or when some observations in a series are
discarded. Serious violations of research ethics range all the way from
sloppy research protocols to misrepresentation and gross scientific
fraud. There has been enough concern about serious violations to
prompt the Institute of Medicine of the National Academy of Sci-
ence® to issue guidelines that include a requirement, increasingly
often mandatory, for rigorous observance of protocols, maintenance
and preservation of research log-books, and other measures aimed at
deterring such unethical conduct and facilitating its detection when it
occurs. Integrity in science requires us to condemn plagiarism, fabri-
cation, and the falsification of data. In the late 1980s, the United States
Public Health Service established an Office of Scientific Integrity
(OSI). The name subsequently changed to the Office of Research
Integrity (ORI), which promotes integrity in biomedical and behav-
ioral research supported by the U.S. Public Health Service at about
4000 institutions worldwide. ORI monitors institutional investiga-
tions of research misconduct and facilitates the responsible conduct
of research through educational, preventive, and regulatory activities.
Any person applying for funding-support from the U.S. Government
to conduct research must be attached to an organization that has
in place mechanisms for addressing even allegations of scientific
misconduct.3%!

Conflicts of Interests

Conflicts of interests have worried several professional associations
in the United States and other countries. Concern has arisen because
of some high-profile episodes. For example, research that had been
completed and submitted for publication has been “leaked” to an
industrial corporation or pharmaceutical company, which has then
hired its own scientists, paying a fee to encourage criticism aimed at
discrediting the work even before it is published. In several instances,
pressure was applied with the aim of preventing publication of results
that might have proved to be damaging to commercial interests. It is
not known how often research on aspects of the public health has been
“censored,” that is, withheld altogether from publication, because of
intimidation, bribery, or more subtle pressure; nor is it known whether
similar situations have arisen in other fields of science. This and
related problems have preoccupied biomedical science editors®?> and
are frequent topics of discussion and debate on the Listserve of the
World Association of Medical Editors, which has published edited
transcripts of some of these discussions on its website (http://www.
wame.org). Problems attributable to interference with free publica-
tion of research findings are much more widespread and more serious
than the high-profile crimes of scientific fraud and plagiarism and
require wider public disclosure than they usually receive.

Population Screening

Screening is the application of diagnostic tests or procedures to appar-
ently healthy people with the aim of sorting them into those who may
have a condition that would benefit from early intervention, and those
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who do not have the condition. An ideal screening test would sort
people into two groups, those who definitely have and those who def-
initely do not have the condition. In our imperfect world, screening
tests sometimes yield false positive or false negative results. A false
positive test exposes individuals to the costs and risks of further
investigation and perhaps unnecessary treatment, and imposes eco-
nomic burdens on the health-care system that would better be
avoided. A false negative screening test result could have disastrous
consequences if persons suffering from early cancer are incorrectly
reassured that there is nothing wrong with them. An important use for
epidemiology is the calculation of false positive and false negative
rates, and the predictive value of screening tests; these calculations
must be borne in mind when deciding whether it is ethical to apply a
particular test as a population screening procedure. For example, if a
condition has a prevalence of less than 1 in 1000, the test costs $3 per
person and the predictive value of a positive test is less than 80%, we
could question whether the use of resources for the screening test is
ethically as well as economically acceptable.

Moreover, screening for evidence of inapparent disease is an
explicit action by specialists in preventive medicine aimed at inter-
vening in ways that can change the lives of people who previously
thought themselves to be well. Such persons can react in several ways
to the knowledge that they have a disease or condition requiring treat-
ment; they may assume a “sick role”—develop symptoms, lose time
from work, become unduly worried about themselves.>* Some people
who previously considered themselves to be healthy may perceive as
gratuitous or paternalist the intervention of the well-meaning spe-
cialist who found something wrong—especially if the intervention
makes them feel worse, as treatment for hypertension may do. Ques-
tions of medical etiquette as well as ethics can arise. Screening pro-
grams are often conducted by staff in public health rather than per-
sonal health-care services. It is essential for public health workers to
communicate results to personal physicians responsible for the care
of individuals with positive tests. At the very least, a positive test
result can arouse anxiety (though it can also allay anxiety); it often
leads to inconvenience, expense, sometimes to discomfort, distress.
A false positive test result can lead to needless anxiety and expense.
Counseling must be carefully planned and built into all screening pro-
grams to minimize anxiety. This is an ethical imperative.

More complex questions and moral ambiguities arise in genetic
screening and counseling. For instance, among others, genetic screen-
ing for Huntington’s disease, Tay-Sachs disease, and Duchenne’s
muscular dystrophy is feasible.> In Huntington’s disease, a positive
screening test result has appalling implications for the person con-
cerned, though early experience with volunteers from high-risk
families has suggested that many prefer to know than not to know
their status (http://www.dartmouth.edu/~cbbc/courses/bio4/bio4-1997/
LindseySternberg.html). If Tay-Sachs disease, Duchenne’s muscular
dystrophy, or other genetic defects, including cystic fibrosis, are
detected on screening early in pregnancy, termination is regarded
by many authorities as the most humane action.’> (http://www.
biomedcentral.com/1472-6939/2/3)

> HEALTH EDUCATION/HEALTH PROMOTION

Public health workers regard health education with enthusiasm: what
could be more beneficent than providing information about risks to
health and actions that could be taken to reduce these risks? Such
actions encourage all to take greater responsibility for their own
health. Often laws or regulations act synergistically with such forms
of health education as advice about immunizations and admonitions
against tobacco addiction. But other issues arise when health educa-
tors, with or without the help of laws or regulations, seek to control
addiction to tobacco or alcohol use. Some civil libertarians hold that
everyone has a right to use alcohol or tobacco. This may be true, so
long as their use does not harm others, such as children of smoking
parents or road users who may be killed or maimed by impaired
drivers—which unhappily is all too often the case.

At the other extreme are those who would prohibit alcohol use
altogether and would indict smoking parents or pregnant women for
child abuse. Economic interests and the well-being of communities
dependent upon the alcohol and tobacco industries, it is argued, also
have to be taken into account in deciding how to deal with the public
health problems associated with tobacco and alcohol use. These are
complex economic and political as well as ethical questions. No cash
crop is as lucrative as tobacco, and in many parts of the developing
world as well as in the United States, tobacco has replaced food crops.
Worse, in Africa, trees are being depleted to provide fuel for flue-
cured tobacco, contributing to the advance of deserts.’’ These facts,
as well as the annual world-wide toll of tobacco-related premature
deaths, provide strong support for the argument that the economic
well-being of tobacco-producing communities is best safeguarded by
converting to food crops as rapidly as possible. The ethical principles
here are beneficence and justice—and the battle against maleficence.

When to bring public attention to new scientific evidence poses
ethical questions for scientists in public health. Prematurely alarming
the public with consequent harms (such as fear, decline in property
values, and the like) has to be weighed against respect for autonomy.
At what point is it appropriate to disclose scientific findings and with
what degree of confidence? These are challenging problems, best
dealt with by open discussion among experts on a case-by-case basis.
It is impossible to formulate a general rule to cover all situations.
Sometimes, courageous individuals in government or industry dis-
close evidence of actual or potential harm even at the risk of harsh
disciplinary action by their employers. They are the whistle-blowers,
and in most countries, including the United States, they are vulnera-
ble despite legislation that might protect them from wrongful dis-
missal. The ethical or moral problem here applies to their employers
and elected officials who allow them to suffer when in a just world
they would be rewarded for drawing attention to the risks or harms to
the public that they have disclosed.

Occupational Health

Specialists in occupational health deal with several constituencies,
among which there is sometimes an adversarial relationship: man-
agement and shareholders, workers, government regulatory agencies,
public interest groups. It is essential to deal impartially with all.
Although often paid by industry, physicians who provide occupa-
tional health services have an obligation to preserve the confidential-
ity of individual workers, revealing only facts that are essential for
management to know about workers’ health, and then only after obtain-
ing informed consent to release such facts. They have an equal obliga-
tion to inform workers of hazards to which they may be exposed in the
course of their work—an obligation reinforced by “right-to-know” leg-
islation. The American Occupational Medical Association in 1976 pub-
lished a Code of Conduct®® covering these and other aspects of behav-
ior in relation to workers” health. The International Labour Office has
also addressed codes® in its fourth edition of the Encyclopaedia of
Occupational Health and Safety.

Population Policies and Family Planning Programs

All nations have population policies, sometimes explicit, more often
implicit. These policies range from encouragement of couples to have
or refrain from having children, commonly with related laws or reg-
ulations on access to and use of contraceptives, to vaguely visualized
policies implied by the appearance in popular newspapers and women'’s
magazines of articles on birth control that contain statements about
methods and their efficacy. Most western nations provide government
funds for support of family planning clinics that are accessible with-
out charge to women with low or no income.

There are considerable international variations, however, in the
constraints on access to such clinics by girls near the age of puberty
who are or may soon become sexually active. There are also great
variations in the nature and extent of sex education, especially edu-
cation about contraception, and in access to effective contraceptive



methods. Predictably, these variations are associated with correspond-
ing international variations in pregnancy rates.®

Some nations, notably the two most populous, India and China,
and one of the most crowded, Singapore, have provided strong eco-
nomic incentives or even introduced coercive measures (disincen-
tives), such as enforced sterilization or abortion, aimed at restricting
the perceived alarming rate of population growth. Other nations have
adopted pronatalist policies when their leaders have perceived a
threat of being overwhelmed by extraneous population groups.

In all nations that have government-supported family planning
programs, public health workers are directly involved in day-to-day
management and have the task of implementing government policies.
Even if these policies are implicit rather than explicit, their general
direction is usually clear. In a free society, however, public health
workers have an obligation to consider each patient or client as an
individual with her own unique life situation, problems, and requests,
not just another case to whom the policies being promoted officially
at the time must necessarily apply. The aspirations of women and
couples to have or refrain from having children are powerful and very
personal. Staff members of family planning clinics have an obligation
to offer advice and treatment, and an equally important obligation not
to enforce their own or official views on individual clients.

> EQUITY AND JUSTICE IN RESOURCE ALLOCATION

Public health is inherently concerned with the fourth of the four prin-
ciples: justice. The fair and equitable distribution of scarce resources
to protect, preserve, and restore health is the domain of public health.
Public health workers, therefore, frequently become advocates for
health-care systems that provide access to needed services without
economic or other barriers. Historically, public health workers have
often provided the impetus to establish some sort of social security
system with unimpeded access to health care for all members of soci-
ety, regardless of income, with access based only on need. In almost
every nation that has social security, public health workers are promi-
nent among the organizers and administrators. Moreover, if health
services are offered to population groups that do not attract fee-for-
service practice, these are often run by staff from the public health ser-
vices. When analysis of health statistics reveals regions or districts and
population groups that have unmet needs, public health workers often
take the initiative to meet these needs.

The principle of justice (i.e., equity) goes further. The allocation
of funds for health care is often based on political or emotional grounds,
and on the ability of eloquent and aggressive advocates for glamorous
high-technology diagnostic and therapeutic services to promote these
interests. Funds sometimes are allocated for expensive equipment and
devices, perhaps on dubious grounds, while badly needed public
health services such as water purification plants in need of renovation,
or logistic support for immunization programs, go without funds. It
is an ethical imperative for public health workers to be as aggressive
as circumstances require, in obtaining an equitable share of resources
and funds for public health services. Public health is analogous to
trench warfare; constant vigilance is needed in a world of competing
interests and where the glamor of prevention lives in the shadow of
high technology health care.

> INTERNATIONAL HEALTH

International health is concerned with the interlocking and interde-
pendent relationships among all the people and nations on Earth.
For many years, the rich nations have provided support for health
care, public health, and medical research in the poorer nations. Until
recently, no one questioned this; it was regarded as mutually benefi-
cial. There has been concern about the “brain drain”—the hemor-
rhage of talent from poorer nations that send their best and brightest
young people abroad for advanced training, and lose them perma-
nently to the rich nations. This has been regarded as a necessary price
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to pay for development assistance. Now, other difficulties are per-
ceived. Questions have been raised about the appropriateness of tech-
nology transfer from rich to poor countries, about the use by research
workers from rich countries of the large populations and the chal-
lenging unsolved health problems, with the aim of addressing priori-
ties as perceived in rich countries, but without regard for perceived
problems and priorities in the poorer nations. This has been described
as “ethical imperialism.”¢!

Other problems are associated with the disparity between rich
and poor nations. These include the export from rich to poor nations
of problems attributable to affluence and industrial development—
tobacco addiction, traffic injury, exploitation of workers (often
women and children who work for starvation wages), and environ-
mental pollution including hazardous wastes.®

Other problems arise in connection with the differing values and
behaviors that prevail in some developing nations. The status of
women may be very different from that of western industrial nations,
customs such as female circumcision, child marriage, infanticide may
be found. Sometimes developing nations are ruled by a repressive
military dictatorship without regard for equity in health care. Inter-
national health workers who encounter such phenomena are in a dif-
ficult situation. To speak out against customs that they deplore, or
against the actions of repressive rulers, is unlikely to help the people
of the country, and may expose the health worker to the risk of being
deported, or worse, arrested, tortured, imprisoned. Yet it is morally
repugnant to remain silent. One option is to engage in dialogue with
local people with a view to culturally sensitive education that may
result in social change in the future.

International health workers should be able to speak out more
forcefully against the health-harming exported practices of the indus-
trial nations, such as the promotion of infant formula in societies that
lack facilities to sterilize infant feeds, the dumping of drugs that have
not been approved for use in industrial nations, the advertising of
tobacco.

» PATERNALISM AND PUBLIC HEALTH

Beneficence is an integral principle for ethical public health practice.
We believe in doing good, and historically we have an impressive
record—the sanitary revolution, the control of almost all major com-
municable diseases, the elimination of many such diseases from large
areas they formerly dominated, and the worldwide eradication of
smallpox. The new challenges presented by the “second epidemio-
logic revolution”®—coronary heart disease, many cancers, traffic
injury, and the like, as the main causes of premature death and chronic
disability—have led us to respond by aiming to change human behav-
ior. Many of the behaviors we seek to change are perceived as being
pleasurable to those who practice them, and our efforts to initiate
change are resented. If we wish to promote better health, we should
be sure that our exhortations and admonitions are based on solid evi-
dence of efficacy. There is a long tradition of advocacy by public
health workers, but in the past this may have been as often associated
with preaching as with teaching. In this respect, the aim of public
health services ought to be to enlighten the people about risks to
health, and to assist people in gaining greater control over environ-
mental, social, and other conditions that influence their own health.
We have an obligation to work with people, empowering them, doing
whatever may be necessary to promote better health—in short, doing
things with, not to, people. This is the main thrust of the Ottawa Char-
ter for Health Promotion.**

Is There a “Right to Health”?

The Universal Declaration of Human Rights (1948) (http://www.
un.org/Overview/rights.html) does proclaim that health is a human
right, but how to implement related articles in the Declaration across
countries, where so many of the 30 human rights articles are not
applied, remains a challenge. Social activists have proclaimed the
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concept of health as a fundamental human right, but here are some of
the problems associated with this view. If there is a right to health,
there must also be a duty to provide this right; whose duty is it?

The answer may be that it is the duty of the individual whose
health is the “right” in question—but this leads to the idea of blam-
ing the victim when health is impaired. A further difficulty arises
when we try to define what is meant by “health.” There is often con-
fusion between concepts of health and concepts of quality of life.
Nobody would describe the theoretical physicist Stephen Hawking as
healthy; he has been slowly dying of amyotrophic lateral sclerosis for
many years, but they have been immensely productive years, and
judging from his own testimony,® they have been happy years. There
are many other examples of severely disabled people whose lives
have been happy and productive—just as there are examples of per-
fectly “healthy” people who lead miserable lives. Probably it is wise
for public health workers to avoid being drawn into discussions of the
supposed “right to health.”

Methods in Ethics

How should we deal with the dilemmas and ethical ambiguities that
arise in public health practice and research? Essentially, the answer
is the same in public health as in clinical practice. Several mono-
graphs provide some guidance.!%*¢” Enough has been said to make
clear the fact that often there is no easy answer. At times, we must
choose with the certain knowledge that not all parties will be satisfied
with the decisions that we must make. These decisions can be
extremely difficult. An orderly, systematic approach is helpful.
First, we should apply the generic problem-solving model:
clearly identify the problems that we are confronting. Next, we should
identify the available options and decide whose problems we are deal-
ing with—particular persons, communities, health-care workers,
organizations, institutions, and so on. We must gather all the avail-
able information and evaluate it carefully, trying as far as possible to
set priorities among the options that have to be considered. We must
also consider the consequences of the decisions that have to be taken,
relating these to the values, beliefs, and community standards that
prevail. Having done all these, we must choose among the options,
and act. Finally, we must evaluate or review the consequences, often
on an ongoing basis—remembering that often there is no “right
answer,” but a series of alternative approaches each of which is both
satisfactory and unsatisfactory. One of the most difficult aspects of
biomedical ethics to comprehend is the fact that the more securely we
may think we can grasp the philosophical principles, the harder it may
become to arrive at a satisfactory answer to the problem. However,
by recognizing the context within which one is operating, an under-
standing of the underlying social values will often provide insight into
why certain paths have been pursued in preference to others. Working
with moral philosophers can help to explicate current paradigms and
identify alternatives to promote community health and well-being. A
practical application of this approach can be found in Soskolne.®

The Philosophical Basis for Public Health

All public health workers should ask themselves “Why am I doing
this?”” The aims of public health are to promote and preserve good
health, to restore health, and to relieve suffering and distress. We
often judge our success by reduction of infant mortality rates and
increases in life expectancy, but seldom attempt to measure, let alone
record and analyze data on relief of suffering and distress, such as
may be associated with chronic unemployment or homelessness.
Clinicians responsible for intensive care services and for the care of
elderly infirm patients have been obliged to consider carefully the
question of “quality of life”” now that life-prolonging measures are so
widely used. There is growing concern about the “quality of death”
as well as with the quality of life.*” In public health practice, we may
require a similar reorienting of focus so that we consider more con-
sciously than hitherto some less tangible measures of outcome than

infant mortality rates and life expectancy. Included in this is the need
for us to consider carefully the impact of “improved” human repro-
ductive performance on all the other living creatures with which we
share planet earth.”

This may be especially desirable in developing nations, where
spectacular gains in infant mortality have been achieved, thanks to the
expanded program on immunization, oral rehydration therapy,
growth monitoring, and the like. Innumerable infants and small chil-
dren who would have died just a few years ago are being kept alive.
What will become of them? Will they starve now, because there are
so many more mouths to feed? Will they receive an education? Will
they have a lifetime of meaningful work? Will they die eventually,
rich in years and experience, surrounded by a loving family? The
answers to these difficult questions will depend upon our response to
challenges more subtle than the reduction of infant and child mortal-
ity rates. The goals of the programs that are part of the strategy of
“Health for All by the Year 2000,” or the Millennium Development
Goals (MDGs) for 2015 (http://www.developmentgoals.org/Achieving
the_Goals.htm) refer in places to the quality of life, but the support-
ing documents are vague about how to influence this. The search for
ways to enhance quality of life has high priority among the aims of
public health in the new century. In the MDGs, 48 new indicators are
identified to help in their attainment.

Ethics and morality are based upon the most fundamental values
of our culture, deriving from many centuries of tradition. We can trace
beliefs that have descended from biblical lore and from the ancient
Greek philosophers, reinforced by ideas from the great monotheistic
religions, Judaism, Christianity, and Islam. We can trace the influence
of rapidly advancing knowledge and changing values in our time.
Some of our beliefs are enshrined in codes of conduct, others are ill-
defined but firmly held—and vary among subsets of the population
according to complex traditions handed down from one generation to
the next.

This review gives some idea of the range and complexity of the
ethical issues and moral challenges that arise in public health prac-
tice and research. It does not address the nature of the relationship
between person-oriented and population-oriented ethics. These are
intermingled in a complex pattern, and often reflect some dissonance
in our value system. We spare no effort or expense in striving to pro-
long lives of infants with incurable liver disease, by finding donors
for liver transplants; we maintain indefinitely on life-support sys-
tems some patients who are in a persistent vegetative state from
which they cannot recover. Yet we do little to prevent many diseases
that far more commonly take the lives or destroy the joy of life for
vastly larger numbers of people, such as infants who are the victims
of fetal alcohol syndrome and young adults who are permanently
brain-damaged by injuries sustained in traffic collisions. We spend
enormous amounts and invest great emotional effort in heroic inter-
ventions for advanced coronary heart disease, but spend relatively
little on measures that might reduce the magnitude of this public
health problem.

Such actions raise philosophical questions about the meaning of
our culture, questions similar in nature to those raised by thoughtful
critics of the arms race who wonder whether our huge investments in
weapons to preserve our freedom are enslaving us in fear and para-
noia, and critics of our environmental development policies that rely
on exploitation rather than on learning to live an interdependent exis-
tence with all the other living creatures on our planet. The challenges
for the health of future generations in a world of depleting ecological
capital and ever growing scarce resources will be legion. The Mil-
lennium Ecosystem Assessment released in March 2005 (http://www.
maweb.org/en/index.aspx and http://www.millenniumassessment.org/
en/index.aspx) should encourage us to recognize that in addition to
the traditional four principles of bioethics, there should be the fol-
lowing:"!

e Protect the most vulnerable in society, including the unborn,
children, indigenous peoples, disadvantaged minorities, mar-
ginalized communities, and the frail elderly



e Involve communities in our research, ensuring the community
relevance of our work

e Ensure integrity in public health by serving the public health
interest above any other interest

e Embrace the precautionary principle as an approach to more
effectively protect the public health

Educating and Socializing Students in Public Health

The need to sensitize students in the various disciplines of public
health to questions of ethics and integrity in this field of research and
practice is apparent from the foregoing. Indeed, since about 2000,
curricula in public health training programs have begun to insist on
at least some amount of training in ethics and integrity in public
health sciences.”>”® Future ethical challenges in public health will be
addressed only if success can be achieved in preparing new genera-
tions of researchers and practitioners to face them, remembering in
all situations that our core value in public health is to work to protect
the public interest over any other. Yet, only one text on case studies
in public health ethics is known to have been published.’™

Since the mid-1990s, the U.S. National Institutes of Health,
through its Office of Human Subject’s Research, has required of all
intramural researchers that some ethics training be demonstrated.
Indeed, completion of a computer-based training course is an educa-
tional requirement for all researchers in NIH’s Intramural Research
Program, and other NIH employees who conduct or support research
involving human subjects. This also is an educational requirement for
members of NIH’s 14 Institutional Review Boards. More information
can be found at http://ohsr.od.nih.gov/cbt/cbt.html

For extramural researchers, a free Web-based course is avail-
able. It was developed at the National Institutes of Health for physi-
cians, nurses, and other members of clinical research teams. This
online course satisfies the NIH human subjects training requirement
for extramural researchers obtaining Federal funds and is accessible
at: http://www.cancer.gov/clinicaltrials/learning/page3. The two-hour
tutorial is designed for those involved in conducting research involv-
ing human participants. People who take the course will have the
option of printing a certificate of completion from their computers
upon completing the course.

Further, in the United States, the Association of Schools of Pub-
lic Health (ASPH) project, since 2003, has provided online training
modules on a range of topics from a number of authors in a model
curriculum. It is available at http://www.asph.org/document.cfm?
page=782.

In Canada, the Interagency Advisory Panel on Research Ethics,
in April 2004, launched its online “Introductory Tutorial” for the Tri-
Council Policy Statement: “Ethical Conduct for Research Involving
Humans” at http://www.pre.ethics.gc.ca/english/policyinitiatives/
tutorial. cfm. These online training resources for the more responsible
conduct of research involving people make such training all the more
accessible. Evaluation of the effectiveness in achieving the goals of
such training will be needed. The single greatest challenge, however,
still remains in how to implement ethics in the professions.”
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Robert B. Wallace

Public health focuses on health issues in populations. Carrying out the
mission of public health and achieving its goals, therefore, depend on
the factors that change the size and characteristics of the population
whose health is at stake.

The relationship between health and population dynamics,
through the study of demography, guides the need for changes in pub-
lic health practice. Changes in health influence vital events, including
births, deaths, and divorce, in turn leading to population changes.
Migration, the movement of people from place to place, is another
demographic force that leads to new health issues and problems.

Four such issues illustrate the relationship between public health
and population:

1. Teenage pregnancy: Teenage pregnancy is a serious public
health issue. It creates preventable health problems for both
infant and mother. Teenage pregnancies are often unin-
tended. In addition, they may interfere with education, per-
sonal development, and socioeconomic advancement for the
young mother and father, and therefore the infant. In addi-
tion, teenage pregnancies have an important demographic
impact on future generations.

2. Aging: As the death rate declines in most parts of the world,
life expectancy increases, and the number and ages of older
people increase. Moreover, when low or declining fertility
accompanies the decline in mortality, the proportion of older
persons also increases and the median age of the population
increases. The result for public health is that the spectrum of
health problems and health-care needs become drastically
different.

3. Urbanization: In 1950, fewer than 30% of the world’s popu-
lation lived in cities. After the year 2000, more than 40% are
residing in an urban area.! Urbanization creates health prob-
lems related to the need for housing and sanitation, improved
food supply, better urban transportation, and the redistribu-
tion of preventive and other health services.

4. Refugees and other migrants: An estimated 19 million
refugees, persons “of concern” to the United Nations High
Commissioner for Refugees, are dispersed throughout the
world.? Refugees and other migrants may bring with them
serious public health problems such as severe malnutrition
and infections. In addition, their encampments may have
unexpected levels of violence.

This chapter should enable a public health practitioner to carry
out the following tasks:

Note: This chapter, revised and updated by the editor, was originally written
by Carl W. Tyler, Jr. and Charles W. Warren for the 14th edition.

1. Identify useful sources of information about population and
vital statistics

. Calculate basic measures of population change

. Identify determinants of population change

. Understand four contemporary critical issues related to pop-
ulation change

= W

> POPULATION DATA AND MEASUREMENTS

Data Sources

Population data are essential to defining and measuring public health
problems and the groups of people in which they occur. Nonetheless,
public health practitioners often find that, while the need for infor-
mation of this kind is great, their knowledge of existing data sources
prevents them from calculating the measurements required to evalu-
ate public health problems. Census, regular national surveys, and vital
registration statistics are the most fundamental sources of data about
populations, and are reviewed below. However, there are a growing
number of additional population resources available, including spe-
cial surveys and censuses, privately or locally conducted population
estimates, and a variety of indices that allow for local and regional
population estimates.

Census
A census is an enumeration of a population that has these essential
characteristics:

Each individual is enumerated separately.

The characteristics of each individual are recorded separately.
Those enumerated reside in a precisely defined area.
Enumeration takes place within a defined and reasonably brief
period and in reference to a well-defined time period.

e Enumeration is repeated at regular intervals.?

In the United States, the census enumerates people first by mail
and later by personal interviews of those not responding to mail
inquiry. It covers the nation and its territories and makes data public
for areas as small as groups of city blocks. (There are certain limits
on the information provided in these tabulations because of the need
to protect the privacy of individuals.) By law, the census is conducted
every 10 years. Because of its importance to political representation,
as specified in the Constitution, and public concern about use of data
by governing bodies, as well as the inevitable missing data and need
for statistical modeling and extrapolation, the census in the United
States has been a source of controversy. Nonetheless, its importance
to the health of the public is undiminished.
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Population-Based Surveys

A survey differs from a census in that it is not an enumeration of indi-
viduals, and it need not include all members of the population.
Nonetheless, most surveys characterize individuals separately rather
than in groups, and the sample represents a precisely defined group
of people from a specific area. The distinction between a census and
a survey is not always sharply delineated. In some instances, a sam-
ple of those included in an enumeration must respond to more ques-
tions than the total population, and the sample is still considered part
of the census. In other cases, data from a national census may be used
to establish the sampling frame for surveys at a later time. The topics
of these surveys cover such issues as health, fertility, the use of health
services, employment, and education.

The Current Population Survey. A series of national population-
based surveys, called the Current Population Survey, is conducted
each month in the United States. Although this series focuses more
on economic issues than others, its information describes important
characteristics of the national population. Among them are such
issues as family composition (including births and ages of children),
mobility, school enrollment, marital status, living arrangements,
work experience, and multiple job holdings.

Health Surveys. In the United States, the National Center for
Health Statistics (NCHS) of the Centers for Disease Control and Pre-
vention (CDC) conducts a series of surveys that are always in the
field, collecting information on the health of American citizens.
These include several surveys of health professionals and institutions,
such as the National Master Facility Inventory; hospital and surgical
care through national hospital discharge information; a sample of
ambulatory and primary care activities, the National Ambulatory
Medical Care Survey; and long-term care through the National Nurs-
ing Home Survey. In some instances, follow-up data on patient out-
comes, through the Center for Medicare and Medicaid Services, is
provided. In addition, NCHS provides data to health officials, their
agencies, researchers, and the public through a series of ongoing
population-based surveys. These include (a) the National Health
Interview Survey (NHIS; reported annually and based on surveys that
began in 1957); (b) the National Health and Nutrition Examination
Survey (NHANES), now continuously in the field and assessing
health status through more extensive questionnaires and biological
examination and measurement, begun in 1960; and (c) the Hispanic
Health and Nutrition Examination Survey (HHANES). Each survey
measures a different aspect of health in the population of the nation.
NHIS gathers information using interview responses. Plans have been
formulated for surveys of follow-up and long-term care on a sample
of individual, consenting respondents to these surveys. In addition,
the National Survey of Family Growth (NSFG) gathers information
on family formation, determinants of infant health, and health prac-
tices of women between and during pregnancies.*

Health behavior is the specific topic of two surveillance systems
initiated by the National Center for Chronic Disease Prevention and
Health Promotion (NCCDPHP) of CDC. The Behavioral Risk Factor
Surveillance System (BRFSS) gathers information about cigarette
smoking, seat belt use, cardiovascular risk factors, and alcohol use by
people aged 18 years and older. The BRFSS began as a one-time sur-
vey of 28 states and the District of Columbia in 1981. Now it is a
series of ongoing, random-digit-dialed telephone surveys done in an
increasing number of states that began with 15 in 1984 and now
includes all 50 states and all U.S. territories.” The second system
monitors health risks in youth and young adults who range in age
from 12 to 21 years. Named the Youth Risk Behavior Surveillance
System (YRBSS), this system gathers information about six cate-
gories of behavior as follows: (a) risk factors for injury, both inten-
tional and unintentional; (b) tobacco use, including smoking and oral
use; (c) alcohol and other drug use; (d) sexual behavior that is a risk
for unintended pregnancy and the transmission of sexually transmit-
ted infection; (e) diet; and (f) physical activity. This system samples

younger Americans in two settings: (a) high school students in the 9th
through 12th grades and (b) people in households who are between
12 and 21 years of age.® Internationally, with an emphasis on devel-
oping countries, data on births and fertility are available from the
Population Council” and the Population Reference Bureau.! Many
other data resources are available, particularly through the United
Nations and through demography centers at universities, foundations,
and national government population agencies worldwide.

Vital Data (Birth, Death, Marriage, and Divorce)

The registration of vital events, specifically births and deaths, pro-
vides important data for defining public health problems at almost
every level of society, including cities, counties, states, nations, and
the world. In the United States, vital registries are maintained at the
national level by NCHS. At the state level, state health departments
and state centers for health statistics perform this function. In some
metropolitan areas, vital statistics are gathered and analyzed by the
health departments for the immediate jurisdiction, for example, New
York City. The registration of other events of health and social impor-
tance, specifically marriage and divorce, is also done at the national,
state, and local levels.

Other Sources

Migration is an important determinant of population size and distrib-
ution. Census information is often available to study internal migra-
tion and evaluate its effects. Assessing international migration is,
however, more complex. In the United States, annual reports from the
Immigration and Naturalization Service provide the official informa-
tion. For a wider range of countries, special studies by the United
Nations and private organizations, such as those noted above, offer
useful data. Unfortunately, the rules for movement across geographic
boundaries, especially international borders, make the collection of
reliable data much more difficult than that done by census, survey, or
vital registration.

Some areas of the world, such as northern and eastern Europe,
maintain national population registries based on unique individual
identification numbers assigned to each person at birth. This type of
registry offers opportunities to study problems that require knowl-
edge of the demographic, social, and economic events experienced by
individuals over their lifetimes.

Demographic Measures

The relation between health problems and the populations in which
they occur requires assessment, if they are to be controlled and pre-
vented.

Rates
A rate is a quotient in which time is an essential element and a dis-
tinct relationship exists between the numerator and denominator.

Crude Rates. A crude rate is one in which all of the events that
occurred in a given time and population are in the numerator. The
population of the area at the midpoint of that time period is the
denominator. By convention, it also contains a constant multiplier of
1000. A death rate, for example, might have a numerator of 75 peo-
ple who died during a given year and the denominator of the midyear
population, 10,000, of the community in which they lived. In this
instance, the death rate for the community in that year would be
7.5/1000 population. This rate is the crude death rate (CDR). If the
same community had 150 births during the same year, the crude birth
rate (CBR) would be 15.0/1000. The crude rate of natural increase
(CRN]) is equal to the CBR minus the CDR; in this illustration the
CRNI would be 7.5/1000, or 0.75%.

Standardized Rates. Comparing rates among different popula-
tions is often difficult if the demographic characteristics are not



known in detail. Comparing standardized rates more accurately
reflects the mortality decline that the United States sustained over the
twentieth century, the rates can be adjusted for different demographic
characteristics of contrasted populations or the same population over
time. Of course, it is essential to know how rates are standardized, so
that the rates observed are the ones desired. Other references deal
with standardization of vital rates in more detail.”

Period and Cohort Rates. A period rate is one in which the events
of concern occur in the population being observed during a specified
time interval. A cohort is a group of people who experience a major
event in the same short, clearly defined time period, usually a year.
The most common demographic cohorts are birth cohorts and mar-
riage cohorts. Cohort rates measure events that occur (subsequent to
the defining event) to a cohort of people over many periods of time.
Population studies are often based on birth cohorts, as was done in the
cohort analysis of fertility reported by the NCHS, where further infor-
mation on U.S. cohort fertility rates is avialable.!? The analysis of fer-
tility by marriage cohorts helps us to understand changes in fertility
or family structure. Epidemiologists use cohort analysis to study
groups according to their exposure to a specific agent hypothesized
to cause, or prevent, a health problem. If the problem relates to occu-
pational exposure, the cohort may be analyzed by date of employ-
ment. Frost’s study of mortality caused by tuberculosis is a classic
public health report using cohort analysis.!!

Fertility

The CBR, which uses all births in the numerator and the total popu-
lation (regardless of gender or age) in the denominator, is the most
fundamental fertility measure. The general fertility rate (GFR) also
uses all births in the numerator. However, the denominator is women
of childbearing age, most often defined as women 15-44 years of age.
Some authorities prefer to use 49 years as the older age limit. The age-
specific fertility rate (ASFR) is calculated using births to women in a
specific age interval (usually 5 years, but sometimes single years of
age) as the numerator and women in the same age interval in the
denominator. Each of these measures is a period rate and is custom-
arily multiplied by a constant of 1000.

The total fertility rate (TFR) is the sum of all of the ASFRs by
single years of age. This measure characterizes a synthetic cohort of
women of reproductive age. By using data for a short period, usually
1 year, it addresses the question, “If the women in this population
continued to have children at the rate they did this year, how many
would they have, on average, when they finished bearing their
children?” If the sum of age-specific fertility rates totaled 3000 live
births per 1000 women in a given year, each woman would average
3 children. This assumes that these rates continue unchanged for the
remainder of her reproductive years. (The TFR may be expressed per
1000 women or per 1 woman.) The true cohort rate for fertility is
referred to as the completed fertility rate. This measure is customarily
based on surveys rather than vital data.

Mortality
The CDR, which uses all deaths in the numerator and the total
midyear population in the denominator, is the most fundamental mor-
tality rate. The age-specific death rate (ASDR) is calculated using
deaths that occur among those in a specific age interval as the numer-
ator. The population in the same age interval is the denominator. Each
of these measures is a period rate and is customarily multiplied by a
constant of 1000. Rates for specific causes of death add an important
dimension to mortality analysis. Most often, the cause of death is
based on vital registration and the International Classification of Dis-
eases (ICD) coding system. Using this coding, deaths are classified
by cause and are the numerator of the rate. The population, or an
appropriate segment of the population, is the denominator. The rate
is usually multiplied by a constant of 100,000.

Some special measures that are not true rates deserve mention.
Among them are the infant mortality rate (IMR) and maternal
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mortality rate (MMR). The IMR is the number of children who die
before their first birthday in a year divided by the number of live
births in that year. The MMR indicates the risk of death from causes
associated with childbirth. Deaths during pregnancy, labor and deliv-
ery, or postpartum in a year make up the numerator, and live births in
the same year are the denominator. These measurements have been
defined succinctly elsewhere.!?

A life table employs ASDRs converted to probabilities of death
for each age interval. Life table data describe the mortality or survival
of a person or a group over a lifetime. Life table analysis addresses
the question, “What would be the mortality experience and life
expectancy of a group of people who had these probabilities of death
at each age for the rest of their lives?” Using ASDRs for a specific
period (usually 1 year) permits a current, or period, life table to be
calculated for a synthetic cohort. Using ASDRs over the lifetime of a
group born in the same year, or interval (often 5 years), permits the
construction of a real (rather than synthetic) cohort life table. Cohort
life tables are more often referred to as generation, or longitudinal,
life tables.’

Migration

The measurement of migration is conceptually similar to that for fer-
tility and mortality. Defining terms requires that a distinction be made
between internal migration (movement by in-migrants and out-
migrants across borders that are within a nation’s bounds) and inter-
national migration (movement across international boundaries by
immigrants and emigrants). The crude in-migration rate has the num-
ber of in-migrants or immigrants who enter a specified geographic
area during a stated time interval in the numerator. This is divided by
a denominator that is the population of the area at the midpoint of that
interval. Similarly, the crude out-migration rate is the measure in
which the number of out-migrants or emigrants is divided by the pop-
ulation of the area at the midpoint of the time interval. The crude net
migration rate is one in which the difference between the number of
in-migrants or immigrants and out-migrants or emigrants is the
numerator divided by the population of the area. All these rates are
multiplied by a constant, usually 1000. Rates constructed using age,
gender, and national origin are appropriate for analyzing migration.
These rates analyze changes caused by the movement of people in the
same way as measures of fertility and mortality analyze changes
related to birth and death.

Population Growth

Population growth is a function of births, deaths, and migration.
Growth measured by births and deaths alone is referred to as natural
increase, it is measured by the CRNI (Change in Rate, Natural
Increase), such that:

CRNI =CRB - CDR

The equation that includes changes in population size resulting
from migration as well as fertility and mortality is called the demo-
graphic equation. It states that the difference in population from time
1 to time 2 is equal to the births minus the deaths in the interval, plus
in-migration minus out-migration in the interval.

P,-P,=B-D+IM-OM

Often, data are lacking for the migration component of this equa-
tion, and population growth is expressed only in terms of births and
deaths, that is, natural increase.

Population Composition

Population composition is defined in terms of the distribution of peo-
ple by specific characteristics at a particular point in time. The most
important characteristics are demographic, social, or economic. This
information, most commonly based on census data, may show, for
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Figure 4-1. Population pyramids for Sweden (upper panel) and Mexico (lower panel) by age and sex. Vertical axis:

Age. (Source: U.S. Bureau of the Census.)

example, the number or the percentage of the population in each age-
sex group. A graph called a population pyramid is a useful way to dis-
play these data. Figure 4-1 contrasts the age-sex composition of a
country with low fertility and a long life expectancy (upper panel,
Sweden) with that of one with high fertility and a shorter life
expectancy (lower panel, Mexico), showing them as population pyra-
mids, for the year 2000.

A brief summary of demographic measures appears in Table 4-1.

» FERTILITY

Fertility is important to public health, population change, and the
quality of human life. The role it plays in determining the size, com-
position, and growth of populations is a powerful factor governing the
course of population change. In addition, fertility change influences
the health of women, their offspring, their families, and, therefore,
public health practice.

Fertility, in its most specific sense, refers to the actual birth of
living offspring. Natality is often used synonymously for fertility.
Additionally, the capacity to bear children is termed fecundity, and

TABLE 4-1. BASIC FERTILITY AND MORTALITY MEASURES

Measurement Numerator Denominator Constant®
CBR All births Total population 1,000
GFR All births Women aged 1,000
15-44
ASFR Birth in age group  Women in age 1,000
group
CDR All deaths Total population 1,000
ASDR Death in age Population in 100,000
group age group
IMR Infant deaths All births in 1,000
in year same year
MMR Maternal deaths All births in 10,000 or
in year same year 100,000

Abbreviations: CBR, crude birth rate; GFR, general fertility rate; ASFR,
age-specific fertility rate; CDR, crude death rate; ASDR, age-specific death rate;
IMR, infant mortality rate; MMR, maternal mortality rate.

aThe constants shown in this column are those used most often. Others may be
used in special demographic or public health reports.



the probability of conceiving in a given month is called fecundabil-
ity. Natural fertility describes the level of fertility found in popula-
tions that use neither contraception (temporary or permanent) nor
induced abortion.

The determinants of fertility in a population are both biological
and behavioral. They can be aggregated into a structure that permits
a quantitative appraisal of the factors influencing fertility change in a
population.

Biological Determinants

Menarche and Menopause

Menarche is the beginning of menstruation. It defines the youngest
end of the age limit within which women begin to ovulate and are able
to conceive. The age of menarche is becoming younger in developed
countries. Menopause is the cessation of menstruation. It signals the
end of the reproductive years. The age for menopause has increased
slightly in recent decades in developed countries. Some societies have
experienced a widened span of reproductive years that is caused by a
decline in the age at menarche and an increase in the age of
menopause. Since these are modernized societies that control fertil-
ity with contraception, abortion, and sterilization, changes in the age
of menarche or of menopause are not important determinants of
present-day fertility.

Ovulation

In demographic terms, ovulation influences fertility most by influ-
encing waiting time until conception, or ovulatory interval. This
interval is greatest at the extremes of the reproductive years, either
when regular ovulation is not established or when it is waning. While
this aspect of ovulation is not a consequential determinant of current
fertility levels, the delay in ovulation after childbirth is. The length of
postpartum anovulation may vary from 1.5 months to as long as 2 years
depending on the frequency and duration of lactation.'3

Age within Reproductive Span

Once intercourse is an established practice, natural fertility declines
with age. Data from several societies with differing fertility levels
confirm this observation. This is observed in populations with both
high and low fertility rates.'*

Spontaneous Intrauterine Mortality

The influence on fertility of spontaneous abortions, or miscarriages
and stillbirths is difficult to assess because of the problems in ascer-
taining these events in a representative population. Nonetheless,
current evidence indicates that the risk of spontaneous pregnancy loss
is greatest early in pregnancy and declines steadily throughout. It is
probably greatest among women in their later childbearing years.
Since the evidence suggests little variation from community to
community in this biological factor, it is not likely to be a major
determinant of differing levels of fertility.

Involuntary Infertility

Involuntary infertility is also called sterility or infecundity. It is mea-
sured, in demographic terms, as the inability of a woman to bear a liv-
ing child during the span of reproductive years. (Although involun-
tary infertility in males is a serious health concern, it does not
influence fertility in a population.) Involuntary infertility in women
has several causes. It may result from anatomical abnormalities of the
reproductive tract or malfunction of ovulation. When ovaries mal-
function, conception does not occur. Recurrent intrauterine loss of
pregnancy, or specific diseases associated with infertility, such as
gonorrhea and genital tuberculosis, also cause involuntary female
infertility." The first three categories are presumed to occur to a sim-
ilar extent in all populations, although the evidence for this is not
entirely satisfactory. The last group, that is, specific diseases such as
gonorrhea and tuberculosis, is presumed to account for the occurrence
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of a high proportion of childlessness. This is especially true among
groups in developing countries where fertility is otherwise quite
high.!®

Behavioral Determinants417

Marriage or Sexual Union

Age at first marriage or consensual union is a principal determinant
of the number of children a woman will bear. It marks the beginning
of socially approved exposure to the probability of conception. The
association between increase in the age at marriage and concurrent
decline in fertility has been shown in several societies.

Frequency of Intercourse

Frequency of sexual intercourse is directly related to the capacity to
bear children, assuming that the menstrual cycle is ovulatory and
insemination occurs in mid cycle. Nonetheless, there are very few
studies of the frequency of intercourse (not including abstinence) and
probability of ovulation in a specific cycle. Therefore, evidence is
insufficient to suggest that these factors account for differences in fer-
tility levels from one population to another.

Abstinence, whether voluntary or involuntary, is an important
determinant of fertility. In some cultures, abstinence is required dur-
ing lactation. In others, lactation and religious beliefs are related,
influencing the role an individual or group plays within a religion. In
economic circumstances that require couples to separate because of
employment, abstinence may result because of a work situation.

Contraception

Contraceptive use is one of the principal determinants of fertility. The
prevalence of contraceptive use varies widely among nations, rang-
ing from approximately 10% to more than 75%. Modern contracep-
tion is highly effective and safe. The variation in patterns of use by
method among different countries is substantial. Surveys of China,
for example, report a high prevalence of intrauterine device (IUD)
use, while oral contraceptives are widely used in the United States
and condoms play a particularly important role in Japan.'8

Voluntary Sterilization

Voluntary surgical sterilization is an important determinant of fertil-
ity because it limits the span of years during which reproduction is
possible. This approach to fertility regulation is highly effective and
safe. Although some studies treat this method of fertility control as if
it were a method of contraception, the fact that this method requires
surgery makes it more appropriate to identify sterilization separately
for health practitioners.

Induced Abortion

Induced abortion is one of the principal determinants of human fer-
tility. In some countries abortion is legally prohibited, but often takes
place, even if rarely acknowledged. Rates of induced abortion in
developing countries are also affected by international funding avail-
ability, which has many political dimensions.!® Elsewhere abortion is
permitted virtually on request, and women may experience on aver-
age between two and three during the reproductive years.?

Breast-Feeding

Breast-feeding is an important determinant of fertility. Lactation, stim-
ulated by a nursing infant, influences the duration of anovulation after
childbirth. In the United States and other developed countries, the prac-
tice of breast-feeding has little influence on the level of fertility. How-
ever, in less developed areas, groups are found in which infants are
breast-fed very frequently. Some infants are fed on demand because these
nurslings have almost no other source of nutrition. Although the mothers
of these babies use no other form of fertility control, they have fertility
levels nearly the same as developed countries.

Table 4-2 lists the determinants of fertility.'*
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TABLE 4-2. DETERMINANTS OF FERTILITY

m Biological

Menarche

Menopause

Ovulation

Postpartum anovulation

Age within reproductive span
Intrauterine mortality
Involuntary infertility

m Behavioral

Age at marriage or first union
Frequency of intercourse
Contraception

Voluntary sterilization
Induced abortion
Breast-feeding

> MORTALITY

Public health traditionally focuses on preventing death. Measures of
mortality describe both the likelihood of dying in any specific time
interval and the expectation of survival.

Determinants

The factors that determine differences and changes in the levels of
mortality among populations are biological or behavioral.

Age

Age is a principal determinant of mortality. Starting at a high level in
infancy, mortality declines precipitously in childhood, remains at a
low level through adolescence and early adulthood, and then increases
inexorably in adulthood and older ages. This pattern holds true for
both males and females in both developed and developing countries.

Sex

In the modern era, perhaps even from conception, males have a higher
risk of mortality than females in developed countries and most devel-
oping countries. For this reason, published life tables separate com-
putations for each sex. Exceptions to this point exist under special cir-
cumstances, for example, in societies that may value the survival of
male offspring over females, and situations of low levels of economic
development, where childbearing increases the risk of mortality for
women of reproductive age. Specific causes of death, as illustrated by
breast cancer, may also carry greater risk for women than they do for
men. Nonetheless, when all causes of death are considered together,
the risk of mortality is less, the likelihood of survival is greater, and
life expectancy is longer for females than for males.

Race/Ethnicity

Different racial and ethnic characteristics within a population are
often associated with differences in mortality. These differences are
recognized in population data from major regions of the world includ-
ing Asia, Africa, and North America, and in large part are considered
to be the result of social and economic differences between racial or
ethnic groups in a population. In the United States, differences in the
mortality for blacks and whites are sufficiently important that official
life tables are published for all causes of death by race, as well as by
sex, and official public health policy focuses on approaches to resolve
these differences.

Region/Area
Mortality may differ by geographic region both within and across
national boundaries. This can be most readily recognized by reviewing

United Nations publications, especially the World Mortality
Report.?! Life tables that estimate mortality in areas where popula-
tion data are incomplete reflect this fact by having four sets of mod-
els based on regional differences in the risk of death.?? In the United
States, data published by region or state show differences in key
parameters of mortality such as life expectancy. The reasons for
these differences are presumably related to social, economic, and
health service factors.

Cause of Death

Although the specific cause of death is important to each individual
and often to a specific public health program, population changes are
determined by the spectrum of disease causes prevalent in a commu-
nity and whether the means are available to control such causes. Diar-
rheal diseases, for example, are an important cause of mortality in
developing countries, while cardiovascular disease deaths are more
prevalent in modernized nations. One important development is the
global occurrence of human immunodeficiency virus (HIV) and other
emerging infections. These viral infections are transmitted by a vari-
ety of mechanisms, such as sexual contact, blood products, and needles
contaminated with blood from infected individuals. (The current status
of this global epidemic is dealt with in detail in a separate chapter.) Pat-
terns of causes of death and their influence on population change are
discussed in more detail in the section, Determinants of Population
Group: The Epidemiologic Transition.

Social and Economic Conditions

Economic development, measured by per capita national income and
other indicators of economic advancement, is related to the increase
in life expectancy in most parts of the world; moreover, this one fac-
tor explains an important part of the difference in life expectancy
among countries.”? The mortality decline of the nineteenth century
has been ascribed to improvements in living standard, diet, sanitation,
and improved working conditions.?* However, in the future, this
trend, which continued in the twentieth century, may be regionally
mitigated by war, insurrection, and disease pandemics.

Public Health
Public health measures have played a leading role in reducing mor-
tality through preventing the transmission of infection. Even before
the discovery of specific microorganisms, epidemiologists identi-
fied the ways in which diseases, such as childbed fever and cholera,
were transmitted and promoted measures for prevention. In recent
decades, immunization has led to the worldwide eradication of small-
pox> and brought about a substantial decline in measles in the United
States.? Studies of tobacco use and its attendant health problems have
led to a reduction in cigarette smoking.?” Screening for cervical
cancer has, in all likelihood, presumably led to a decline in mortality
caused by this condition.?® More recent improvements in mortality,
the likely result of collective individual modifications in lifestyle,
such as dietary improvements and exercise, have been aided by pub-
lic health promotion efforts and clinical preventive interventions.
Trends in mortality in the United States can be found in the pub-
lications of the NCHS, a part of the Centers for Disease Control and
Prevention. International mortality rates, in general and for specific
countries and regions, can be found in the publications of the United
Nations,?! the Population Reference Bureau, the World Bank, and
other organizations.

> MIGRATION

Migration is an important component of population change. However,
it is often neglected in calculations of population growth because of
the difficulty in measuring and collecting accurate migration informa-
tion. Migration may be defined as movement of people involving a
change of residence between two clearly defined geographic units.



The definition of residence and the choice of geographic units vary,
depending on the particular use of the migration data. Data on popu-
lation migration can be obtained from the United Nations and other
international organizations. The study of migration is divided into two
subdisciplines: internal migration and international migration. Inter-
nal migration refers to changes of residence within national borders,
and the movers are called in-migrants and out-migrants. International
migration refers to residence changes across national boundaries, with
movers termed immigrants and emigrants.

Migration has become an important factor in many national pop-
ulation estimates, both negative and positive. There is a substantial
literature on why migration occurs, including economic forces, polit-
ical oppression, environmental change (both natural and man-made),
family movements, and war and other social conflicts. There are the-
oretical perspectives on migration, such as Lee’s Push-Pull Theory,?
theorizing that migration comes about as the result of individuals
responding to negative or “push” factors at place of origin and posi-
tive or “pull” factors at place of destination. In addition to the posi-
tives and negatives at origin and destination, the decision of the
potential migrant will also take into account “intervening obstacles,”
which are factors associated with the migration process itself, such
as distance, financial or psychic costs of the move, immigration
laws, etc.

It is clear that population migration has varied and has important
effects on health status. Improved social and economic status
achieved by some migrants may alter overall health status and spe-
cific conditions in complex ways, due to changing lifestyle practices
and interactions with the health-care system,’*3! as well as by access
to health services due to reasons of resources or lack of documenta-
tion. Migration also has an impact on the countries of origin (e.g., the
“brain drain” of health professionals) and the use of health services
in the host country (e.g., overwhelming local health resources).3>33

» DETERMINANTS OF POPULATION GROWTH

The determinants of demographic change for the world’s population,
that is, fertility and mortality, have been the subject of theoretical
concepts at least since Malthus published his first Essay on the Prin-
ciple of Population As It Affects the Future Improvement of Society
in 1798.3* Subsequently, careful examination of population data have
led to the formulation of other concepts of population change.

Theory of Demographic Transition
The original theory of the demographic transition describes the his-
torical experience of population growth of Western countries that
accompanied economic development.* The transition can be divided
into three stages. During the first stage, birth and death rates both are
high but at similar levels so that population growth is minimal. This
stage is referred to as the stage of high growth potential because, if
mortality were to decline without a concurrent decline in fertility, the
size of the population would increase rapidly. The second stage is
called the fransition stage because it describes the transition from
high to low birth and death rates that result from economic develop-
ment. It is characterized by an initial decline in mortality while fer-
tility remains high, followed by a decline in fertility, until both fertil-
ity and mortality meet at low levels. During the first part of this stage
the high growth potential is realized, while at the latter part of this
stage growth has tapered off. The third and final stage of the theory
is called incipient decline and describes both birth and death rates at
low and relatively stable levels, with fertility at times falling below
death rates and thus at times producing a decline in population.
Although the classic theory of the demographic transition pro-
vides a perspective for interpreting the historical change in Western
populations, it does not describe or explain patterns of population
change in non-Western societies nor those in developing countries.¢3
Over the years, the theory has been examined and reexamined in light
of new data and knowledge of variation in cultural conditions. Today,
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reformulated versions of the theory that depend more on social struc-
tural explanations for changes in birth and death rates are being con-
sidered. The basic relationship between mortality decline, fertility
decline, and population growth, however, is still used as a framework
for comparing population trends.

Epidemiologic Transition

In 1971 the theory of epidemiologic transition was proposed, which
built upon that of demographic transition. Accepting the assumption
that mortality is a fundamental factor in population change, this the-
ory identified three stages through which the causes of mortality
evolved: the first was a period of widespread epidemics and famine;
the second was a stage of receding epidemics associated with increas-
ing population growth; and the third was a stage of degenerative dis-
eases and those related to individual lifestyle. In terms of fertility, this
concept identified a classic, or Western, model in which change is
related to social factors, an accelerated model in which change is
related to medical factors (including antibiotics, steroids, contracep-
tive pills, and induced abortion), and a delayed model in which mor-
tality is influenced by the medical factors of the accelerated model,
but fertility decline is delayed.**

This theory is susceptible to some of the same criticisms as
demographic transition theory because both have difficulty adapting
to less developed countries and they ignore migration. Moreover, the
epidemiologic transition model has not been subject to the detailed
scholarly review given the theory of demographic transition. The
concept of epidemiologic transition, however, is an important idea
that builds appropriately on the theory of demographic transition.
This concept provides one theoretical framework for comparing and
contrasting secular trends in disease and death rates across countries.
Population projections for the United States are available from the
U.S. Bureau of the Census.*

» CONSEQUENCES OF POPULATION GROWTH

Projecting Change

Projecting population growth in terms of size and composition is an
important starting point in trying to determine the consequences of
population change. Using age- and sex-specific probabilities of death,
age-specific fertility probabilities and the sex ratio at birth, and
reported or assumed migration rates permits demographers to project,
but not to forecast, population into the future. The distinction between
projecting and forecasting is important because a projection uses an
explicit set of assumptions and is intended to be an illustrative calcu-
lation based on these assumptions. A forecast, on the other hand,
includes an element of subjective judgment to set the levels of mor-
tality, fertility, and migration for specific times in the future. Projec-
tions are usually made based on a single set of mortality probabilities.
Fertility, on the other hand, because it varies over shorter intervals, is
often projected using three or four different sets of assumed proba-
bilities thereby generating different projections. Migration is based
on current data and estimates; projections of migrants are usually
assumed to remain stable unless specific changes in policy or other
determinants of population mobility are known.

Population Growth and Economic Change

The role of population growth in relation to economic change is a cen-
tral global concern, especially of bodies such as the World Bank and
the United Nations Fund for Population Activities (UNFPA). The
work of Coale and Hoover in 1958 was instrumental in pointing out
that “A reduction in fertility would make the process of moderniza-
tion more rapid and more certain. It would accelerate the growth in
income, provide more rapidly the possibility of productive employ-
ment, ... make the attainment of universal education easier—and ...
[provide] women of low-income countries some relief from constant
pregnancy, parturition, and infant care.”*® Pursuing a course of lower
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fertility would, according to these scholars, create this advantageous
effect by reducing the number of dependent children, that is, those
aged 15 years and younger, with only minor effects on the size of the
labor force or its increase until 30 years later. Subsequently, this work
has been debated and contradicted, and the relation between popula-
tion growth and economic status remains complex.

Population, the Environment, Resources, and Food
Around the beginning of the nineteenth century, Malthus recorded his
views on population growth and its consequences, specifically inad-
equate food supplies. In more recent years, others have emphasized
and extended these observations, linking environmental degradation
to uncontrolled population growth. Among the most important con-
tributions to this debate was the publication of The Limits to Growth
in 1972.4 Supported by an informal group of international profes-
sionals who called themselves The Club of Rome, a research team at
the Massachusetts Institute of Technology investigated the state of
the world in terms of population growth, agricultural productivity,
environmental pollution, industrial output, and nonrenewable
resources. After determining the status of each factor and the trends
of change from 1900 to 1970, they projected the effects of these
trends into the future and reached the following conclusions: (a) if
these trends persist unchanged, the limits to growth on the earth
would be reached within the next 100 years; (b) the trends could all
be altered so that economic and ecological stability might be reached
and sustained; and (c¢) the sooner governments and citizens around the
world undertake the measures to alter current trends in all five of these
areas of social and ecological concern, the greater would be the
chances of attaining global equilibrium. A flurry of criticism followed
the publication of The Limits to Growth. Nonetheless, it heightened
the intensity of debate over global issues important to the present and
future of human well-being, and many of the issues, including con-
tinued population growth, remain important today.

Concern about the environment and its importance to humanity
has rekindled awareness of population growth.! Ehrlich and col-
leagues have reemphasized the gravity of environmental degradation
as a consequence of population growth. Specifically, they draw atten-
tion to the human impact on land use, desertification, deforestation of
most tropical areas, and “anthropogenic climate change.”! The rela-
tion between population and environment remains complex, but is the
subject of continued inquiry.*

> POPULATION CHANGE AND PUBLIC HEALTH

As this chapter shows, there are many areas of intersection between
demographic change and the health of the public. In addition to the
issues of migration and population and the environment, noted above,
the following are some of the specific areas of intersection where
demography and specific population health issues intersect.

Teenage Fertility

Teenage pregnancies are a profound population issue because chil-
dren born to young women may lead to unanticipated momentum in
population growth by increasing total family size over a lifetime and
by shortening the time between generations of future children. More-
over, they are a serious public health problem because teenage preg-
nancies may be at high risk of preventable infant mortality, and preg-
nancies in very young women of reproductive age are often not
intended. The health implications to the pregnant teen are also of
great import.*34*

Urbanization

The movement of people to cities (urbanization) was one of the dom-
inant characteristics of population change of the twentieth century
and is continuing. The growth of cities is determined by three factors:
(a) migration; (b) natural increase, that is, the number of births in

excess of the number of deaths; and (c) the reclassification of areas
from rural to urban as they rapidly become more populous. Urban
growth at the global level has been 2.5% annually in recent years, or
about 50% greater than that of the total population. Urbanization is
most profound in developing countries.

The health problems of city life are not so directly caused by
urban living as much as they are by the extent to which the infra-
structure of society is overwhelmed by the size of the population.
Rapid urban growth resulting primarily from rural to urban migration
creates health problems related to the need for housing and sanitation,
improved food supply, transportation within the city, and the distrib-
ution of preventive and curative health services. In many developing
countries, the vast numbers of people leaving rural areas for urban
places reside in the unsanitary conditions of shantytowns or squatter
settlements on the fringe of the capital cities, where public health
problems are exacerbated.*>46

Refugees and Other Migrants

There are millions of refugees dispersed throughout the world. While
most are in Africa and have come from other countries on that conti-
nent, refugees can be found in almost every nation. Although many
such people leave their homelands because of civil conflict and other
political reasons, others do so for reasons that have led some experts
to identify them as “ecological refugees.” Jacobson cites food short-
ages and sharp increases in food prices, generally or for specific sta-
ples, as events that trigger ecological refugee movements. In other sit-
uations, migrants move to find better employment opportunities and
an improved quality of life. Nonetheless, even in areas where people
from other nations are welcome, or when migration takes place within
a single country, the difficulties of geographic displacement may be
augmented by occupational displacement, environmental change,
social disruption, and economic hardship.

Refugee movements may bring with them serious public health
problems, such as severe malnutrition, as is the case in Africa. In
other instances, refugees and other migrants may carry infections to
areas in which such diseases are under control, or where they have not
previously existed, thereby necessitating new or intensified public
health screening efforts followed by treatment or other control mea-
sures. In some areas, violence related to historical ethnic conflicts is
a serious problem.

Health problems are also encountered by migrants as a conse-
quence of their move to a new environment. Psychological stress and
physical deprivation associated with living in an unfamiliar environ-
ment, such as a refugee camp or squatter settlement, can bring about
high levels of violence, including suicide, homicide, and rape. Lan-
guage and other cultural differences between refugees or migrants
and their place of destination produce serious barriers to health-care
information and services at the new location.*’#849

Aging

As the death rate declines in most parts of the world, life expectancy
increases, and the number and ages of older people increase. This
change is more characteristic in developed countries, where life
expectancy often exceeds 70 years. A shift in the age of a population
has important implications for the health problems a society must face
and the health services that must be provided.>*>!

The spectrum of health problems facing the public with an aging
population will change profoundly. Heart disease, cancer, and cere-
brovascular disease, which account for most of the deaths in the
United States, will continue to be prevalent. Degenerative conditions,
such as Alzheimer’s disease, will increase as an important cause of
mortality. The need to prevent disability and injury in the aging,
intensified needs for long-term care, and other special health services
has reached a new level of importance that will persist in the twenty-
first century. Health measures, public policy on retirement, and the
desire of the older members of the population to continue working
will be important determinants of the quality of living in the future.



While research on genetics and disease causation, such as diabetes
and Alzheimer’s disease, holds great promise for the future, its impact
is unlikely to be felt among older populations in both developing and
developed countries equally.

The Need for Improved Population Health Measures

In addition to the important information that comes from vital records,
there is a need for innovation in collecting demographically related
measures of population health, since there are impediments related to
conceptualization challenges, availability of resources, methodologi-
cal inadequacies, and political resistance. Given the high levels of
immigration in many countries, there is a need for better characteri-
zation of language distributions, literacy levels (general and health-
related), and personal lifestyles and behaviors that may be intimate
and difficult to report. Better understanding of levels of access to
medical services, cultural beliefs and practices, and personal and fam-
ily economic status are also critical for directing public health mea-
sures to populations and communities.
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Information is a critical component of all public health activities. The
purpose of public health informatics is to systematically apply “infor-
mation and computer science and technology to public health prac-
tice, research, and learning.”' The definition of public health infor-
matics posited by O’Carroll et al. implies a broad range of activities
drawn together by a focus on populations, not merely on individuals,
and on public health organizations that operate with legal mandates.
Although O’Carroll described informatics as primarily an engineer-
ing discipline, we believe that it is evolving more into a discipline of
logical and strategic thought and management.

Medical and clinical informatics focus on improving the processes
of diagnosis, care, and treatment of individuals. In contrast, public
health informatics supports the activities, programs, and needs of those
entrusted with assessing and assuring that the health status of whole
populations is protected and improves over time. Public health infor-
matics concerns itself with supporting programmatic needs of agencies,
improving the quality of population-based information upon which
public health policy is based, and expanding the range of disease pre-
vention, health promotion, and health threat assessment capability
extant in every locale throughout the world.

This chapter examines the historical and governmental context
that guides the current evolution of the emerging public health infor-
matics discipline, and describes some of the issues relating to the abil-
ities of the public health worker to use information systems, as well
as the larger scale issues relating to developing and implementing
integrated information systems at regional and national levels.

> HISTORICAL CONTEXT

John Snow conducted one of the first comprehensive epidemiologi-
cal studies undertaken in response to the 1854 cholera outbreak in
London. Snow investigated and mapped the locations of the homes
of those who had died in the outbreak—one of the first geographic
information applications in public health. By linking the locations of
their homes to a single water pump on Broad Street in Soho, London,
he established that cholera was a water-borne disease. Of the 89 peo-
ple who died, only 10 lived closer to another pump. Within a week of
the outbreak and armed with visual data, Snow convinced the author-
ities to remove the pump handle. Following that simple intervention,
the number of infections and deaths fell rapidly.?

Over the past 30-50 years, public health programs have emerged
around specific diseases (e.g., tuberculosis), behaviors (e.g., smoking),
or technologies (e.g., immunization). Each of these new programs car-
ried with it data and information needs and information systems were
developed to meet these needs. Just as public health programs and
their related information systems were evolving, so, too was tech-
nology. The technology changes associated with personal comput-
ing allowed for a more distributed approach to information system

development. The conjunction of distributed computing and categor-
ical public health programs led to a proliferation of information sys-
tems supporting narrowly focused public health programs—*silo”
systems.

Individual public health programs have typically developed (or
acquired) information systems designed to suit their individual pro-
gram needs (e.g., surveillance, tuberculosis prevention, and control),
often in response to requirements of federal funding agencies. These
systems have typically been incapable of communicating with other
systems within the health agency or with systems outside the agency.
A single federal agency may fund several state/local programs, each
of which has its own required information system for providing infor-
mation to the national level and each of which differs from the oth-
ers, requiring that state/local health department workers who are
involved in a number of programs learn a variety of different ways of
entering and summarizing information.

Public health has lagged behind health-care delivery and other
sectors of industry in adopting new information technologies, in part
because public health is a public enterprise depending on funding
action by legislative bodies (local, state, and federal). Additionally,
adoption of new technologies requires significant effort to work
through government procurement processes.

Beginning in the 1980s, the desirability of making the various
systems congruent with one another and standardizing the way infor-
mation is captured and transmitted has gained increasing attention in
the public health arena. At the Centers for Disease Control and Pre-
vention (CDC), a 1995 study reported that integrated information and
surveillance systems “can join fragments of information by combin-
ing or linking together the data systems that hold such information.
What holds these systems together are uniform data standards, com-
munications networks, and policy-level agreements regarding confi-
dentiality, data access, sharing, and reduction of the burden of col-
lecting data.” In the late 1990s, it became apparent that public health
must be more comprehensive in understanding disease and injury
threats, necessitating a level of programmatic and supporting infor-
mation system integration (see below). Combining data from dis-
parate programmatic sources—for example, from surveillance sys-
tems covering different diseases or from a variety of service delivery
systems—requires systems that connect seamlessly. Interoperability
refers to data from various sources being brought together, collated
in a common format, analyzed and interpreted without manual inter-
vention. Interoperability requires an underlying architecture for data
coding, vocabularies, message formats, message transmission pack-
ets, and system security. Interoperability implies connectedness
among systems, which requires agreements that cover data standards,
communications protocols, and sharing or use agreements. Intercon-
nected, interoperable information systems in public health allow
information systems to address larger aspects of the public health
enterprise. The enterprise era of public health informatics rests on a
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rigorous approach to solving semantics problems—interpretation,
negotiation, and reasoning—that were once the domain of humans
alone and will now be mediated by computers. Major advances in the
quality, timeliness, and use of public health data will require a degree
of machine intelligence not presently imbedded in public health infor-
mation systems.*

The context in which informatics can contribute to public health
progress is changing. New initiatives within public health and
throughout the health-care industry portend changes in how data are
captured, the breadth of data recorded, the speed with which data are
exchanged, the number of parties involved in the exchange of data,
and how results of analyses are shared.

» PUBLIC HEALTH SYSTEM NEEDS
FOR INFORMATICS

In the future, public health informatics will have major impact on the
three core public health functions: assessment, policy development,
and assurance. Assessment will require that a public health official
knows more about the dynamics of health within a jurisdiction,
knows it sooner, and knows it with more precision. This will require
greater breadth, precision, and timeliness in data capture and analy-
sis, as well as an ability to detect important disparities in health. Pol-
icy development speaks to both micro-level (community) analysis
and recommendations and also to macro-level (state and national)
policy needs based on trends detected in assessment systems, rela-
tionships among forces impacting health status, and social determi-
nants, such as insurance, employment, and other economic trends.
Assurance activities complete the legal guarantee of services, such as
screening every baby for heritable disorders and linking the child to
a medical home that assures appropriate follow-up care, or assuring
that preventive services reach every citizen. Assurance activities cou-
pled with e-government initiatives guarantee more convenient access
to government-mandated services, and assurance activities will become
more aligned with continuous quality improvement, which implies an
ability to measure against benchmarks on a timely basis.

The national security emphasis brought on by the events of
September 11, 2001 and thereafter, points toward a cradle-to-grave
approach to the management of health data. Biosurveillance has
become a term meaningful to every lawmaker. Tracking personal
health through personal health records (PHRs) is under serious con-
sideration as a component of national health-care automation initia-
tives. Attention to injury prevention and other threats to health are
leading community organizations to analyze data to adapt to spur leg-
islative and regulatory actions at the local and state levels. Public
health is now a key component of emergency response and recovery
teams in every locality in the nation. All of these areas require timely
information and communication.

In all segments of industry and government, the best applica-
tions of technology are those that clearly support critical missions. In
public health, a field with vast responsibilities, it is even more impor-
tant to carefully isolate the need for and purpose of information sys-
tems to assure that the investment in a system results in tangible sup-
port to health promotion, disease prevention, or health protection
goals.

Experience with information technology (IT) projects in all
industries has shown that IT projects are risky ventures prone to fail-
ure. General IT project success rates are poor—31% cancelled before
completion, 53% challenged by cost and/or time overruns or changes
in scope.’ For large-scale enterprise applications (e.g., commercial
comprehensive business software solutions), similar data indicate
about a 39% hard dollar return on investment.® The investment house
Morgan Stanley estimated that U.S. companies threw away $130 billion
on unneeded software and other technology in a 2-year period.” These
data demonstrate that neither government nor private industry is
immune to ill-conceived, poorly executed IT projects.

> ENTERPRISE ARCHITECTURE AND DATA
INTERCHANGE

Aligning informatics strategy to organizational goals is one of the
most important contributions senior public health leaders can make
in creating viable, sustainable information infrastructure. Aligning
informatics strategy rests on at least two pillars. First, the organiza-
tion must have goals and a plan of action to achieve those goals. With-
out these, informatics investments will most likely serve small, nar-
row, program-specific objectives rather than the larger organization.
Second, a public health organization needs an enterprise architecture.

Public health endeavors are moving from isolated interventions
toward a more coordinated systems view. Political leaders, policy
makers, and public health professionals are taking an enterprise view
to be more responsive to large-scale problems and to be more cost
effective in their use of public funds. Adopting an enterprise view
implies multiorganization cooperation and coordinated information
systems planning, development, and deployment. Developing infor-
mation systems that support multiple parties achieving multiple goals
underscores the organizational and management aspects of public
health informatics.

For public health agencies to become successful at conceiving,
developing, and using enterprise-level information systems, careful
attention must be applied to a series of activities corresponding to the
life cycle of any information system project:

e Aligning organizational and IT strategies (a managerial infor-
matics task)

e Establishing a clear rationale of benefits (business case)

¢ Justifying a long-term finance strategy

e Building a framework of process descriptions, tied to how
supporting work processes actually create the data of interest

e Developing a comprehensive set of requirements or state-
ments of what the system must be capable of doing

e Answering the “buy or build” question

e Managing the project development phase

e Training the many individuals who will play a role in operat-
ing or using the new information system(s)

e Guiding the implementation of the system and the accompa-
nying change processes that will be required of the organiza-
tions affected by the system

e Evaluating the ultimate impact the system has on health
outcomes

Enterprise architecture is a way to describe an agency’s business
operations and processes, the performance outputs or measures used
to achieve agency goals, the description of data and information
related to lines of activity, categorizing the IT services and applications
in use, and the technologies and standards used throughout all the
applications. Developing and maintaining enterprise architecture is
time consuming and can be complex, however, the benefits are exten-
sive. The benefits include helping the agency align IT goals with
agency-strategic direction, accommodate more rapidly to new
requirements, improve system management due to more consistent
components, lower support costs, and support interoperability within
the agency and with external partners.

The need for an enterprise view and an enterprise architecture is
not unique to public health. In 2004, the National Academies noted
that “the success of the FBI's information technology efforts will
require the development of a close linkage between IT and a coher-
ent view of the bureau’s mission and operational needs . . . the enter-
prise architecture. . .8

Data interchange technologies are changing how public health
agencies can approach their need to capture and manipulate data to
produce the information that is essential to protecting community
health. Public health is moving from thinking about an IT solution for
a specific problem (e.g., capturing case data on a specific disease) to
thinking in terms of a class of similar challenges (e.g., data structures



that can be used for infectious disease surveillance). Data no longer
need to exist as entities unto themselves. Using the concept of
metadata—that is, a list of facts that describe the data and how they
are used—data sources can be conceptually indexed, allowing any-
one to understand which data are being captured by which system.
Using Extensible Markup Language (XML) technology, data can be
tagged in a manner that provides for convenient transfer and inter-
pretation from one system to another. Thus, public health agencies
need to adopt new data transfer technologies and simultaneously
establish and manage enterprise architectures.

» PUBLIC HEALTH WORKER NEEDS

If they are not already at least minimally computer literate, public
health workers will have to become so in order to be fully functional.
This does not mean they will have to understand how to program
computers. It does mean they will have to understand what comput-
ers can and cannot do and how to communicate effectively with sys-
tems engineers. The Council on Linkages between Academia and
Public Health Practice has developed informatics competencies for
public health professionals.’ Three categories of competencies have
been developed for front-line staff, senior-level technical staff, and
supervisory/management staff: effective use of information, effective
use of IT, and effective management of IT projects. Table 5-1 lists the
domains/topical areas within each of the categories.

Two of the most important skills needed by public health
workers are:

1. The ability, and the willingness, to explicitly lay out the func-
tional requirements of the information system

2. Active participation in all phases of conceptualization,
development, design, implementation, and evaluation of the
system

TABLE 5-1. INFORMATICS COMPETENCIES FOR PUBLIC
HEALTH PROFESSIONALS

1. Effective use of information

. Analytic assessment skills

. Policy development/program planning
Communication skills

. Community dimensions of practice

. Basic public health sciences

. Financial planning and management

. Leadership and systems thinking
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2. Effective use of IT

. Digital literacy

. Electronic communications

. Selection and use of IT tools

. On-line information utilization

. Data and system protection

. Distance learning

. Strategic use of IT to promote health

. Information and knowledge development
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3. Effective management of IT projects
. System development

. Cross-disciplinary communication
. Databases

. Standards

. Confidentiality and security systems
. Project management

. Human resources management

. Procurement

. Accountability

. Research?
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» PUBLIC HEALTH INFORMATION SYSTEM NEEDS

In the area of childhood immunizations, a revolutionary approach
was undertaken in the early 1990s to serve both medical care and pub-
lic health needs by developing population-based immunization reg-
istries, which gather information from all providers of immunizations
(whether private or public) and consolidate the information so that
any provider can, at a glance, determine the complete immunization
history of a child. This work was supported by CDC’s National
Immunization Program and by All Kids Count, a program funded by
The Robert Wood Johnson Foundation.!® Although practice-based
registries had been used for some years, this was the first attempt to
capture information from all sources, private and public, and was par-
ticularly useful since more than 25% of U.S. children receive immu-
nizations from more than one provider before they are 3 years of age.
Registries can also generate reminder/recall notices, create official
immunization records, and assess the immunization coverage in a
given area or practice. Immunization registries have advanced further
than other information systems seeking to bridge the public/private
divide. Currently, more than 50% of U.S. children less than 6 years
of age have at least two immunization doses recorded in a population-
based registry, and there is a Healthy People 2010 goal of 95% par-
ticipation by U.S. children less than 6 years of age.!!

Considerable effort has gone in to defining functional standards
for registries (Table 5-2).!12 Agreement has been reached that Health
Level 7 (HL7) packaging will be used for transferring information. A
certification process for registries is in development. Although reg-
istries have proven their worth and are well advanced, very few are
capable of communicating with other health information systems.
Most are not yet capable of exchanging information with other reg-
istries and few integrate with information systems serving other pro-
gram areas.

Emphasis in the public health community has now shifted to
integration of information systems in order to share information. In
our view, integration refers to the presentation of information to the
end-user, not to the hardware or software behind it. Some informa-
tion systems are developed as comprehensive (integrated) systems
with different programmatic areas forming modules of the whole. More
commonly, existing information systems may be linked together in a
variety of ways to combine information and present it in an integrated
way. In many ways, this is a bottom-up approach to developing enter-
prise systems.

An important, practical approach to integrating child health infor-
mation systems has been undertaken by the Genetic Services Branch,

TABLE 5-2. IMMUNIZATION REGISTRY MINIMUM FUNCTIONAL
STANDARDS

1. Electronically store data on all NVAC-approved data elements
2. Establish a registry record with 6 weeks of birth for each new-
born child born in the catchment area
3. Enable access to and retrieval of immunization information in the
registry at the time of encounter
4. Receive and process immunization information within one month
of vaccine administration
. Protect the confidentiality of health-care information
. Ensure the security of health-care information
. Exchange immunization records using HL7 standards
. Automatically determine the routine childhood immunization(s)
needed, in compliance with current ACIP recommendations,
when an individual presents for a scheduled immunization
9. Automatically identify individuals due/late for immunization(s) to
enable the production of reminder/recall notifications
10. Automatically produce immunization coverage reports by
providers, age groups, and geographic areas
11. Produce official immunization records
12. Promote accuracy and completeness of registry data
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Division of Services for Children with Special Health Care Needs,
Maternal and Child Health Bureau, Health Resources and Services
Administration (MCHB/HRSA). Since 1998, MCHB/HRSA has
undertaken a series of grant initiatives to facilitate, among other
things, the development of integrated child health information sys-
tems to include newborn-screening systems. All Kids Count (now a
part of the Public Health Informatics Institute) has worked with
MCHB/HRSA in this area since 2000. As a starting point, four pro-
grammatic areas were selected for integration of information
systems—newborn dried blood spot (NDBS) screening for inherited
and congenital disorders, early hearing detection and intervention
(EHDI), immunizations, and vital registration. These four were
selected because they are recommended for all infants/children, they
are carried out (or begin) in the newborn period, they are time-sensitive
(delay in carrying them out can lead to adverse outcome), and they
are primarily delivered in the private sector but have a strong public
sector component (e.g., public health agencies, federally qualified
health centers). Additionally, most or all states mandate them.

Two activities to support integration have been the development
of a sourcebook containing key elements for successful integrated
health information systems'3 and the development of principles and
core functions of integrated child health information systems.!* The
nine key elements identified were:

1. Leadership—project has an executive sponsor and a
champion.

2. Project governance—project is guided by a steering com-
mittee representing all key stakeholders and uses outside
facilitators.

3. Project management—formalized management strategies
and methodologies are used. Project has adequate and appro-
priate staffing.

4. Stakeholder involvement—there is frequent interaction and
high quality communication with stakeholders.

5. Organizational and technical strategy—strategy is based on
local issues, aligned with national efforts, customer-focused,
developed through a legitimate process, and based on busi-
ness processes.

6. Technical support and coordination—centralized within the
health department with technical staff working closely with
program staff. Uses business analysts to coordinate between
technical and program staff.

7. Financial support and management—funding is adequate,
derived from multiple sources and managed by an oversight
committee.

8. Policy support—Iegislation, regulation, and policy foster or
are neutral to the integration of information systems.

9. Evaluation—regularly performs qualitative and/or quantita-
tive monitoring or evaluation.

> MEDICAL CARE INFORMATION SYSTEM NEEDS

In the clinical care arena, one of the most exciting developments has
been the continuing evolution of electronic medical records, which
are now in use in a number of practice settings, both inpatient and out-
patient. Many of these information systems are capable of bringing
together information from a variety of different sources, including
nursing, pharmacy, laboratory, radiology, and physician notes. Some
of the sources themselves have dedicated information systems to
meet their individual needs (e.g., pharmacy, laboratory). Tradition-
ally, these systems are not designed to handle other facets of health
care, such as reporting notifiable diseases to health departments or
providing information directly to the patient. In 2003, only an esti-
mated 5% of U.S. primary care users were using electronic medical
records.!’> The American Academy of Family Physicians has estab-
lished the goal of having at least half of its members using electronic
health records by 2006.'° The special requirements for electronic
medical record systems in pediatrics have drawn attention.!” Some of

the important data needed in pediatric records that may not appear
in adult electronic medical records include growth data, age-
based normal ranges, information on dosage of medications, and
immunizations.

> NATIONAL HEALTH INFORMATION
SYSTEM INITIATIVES

In the late 1990s, CDC launched an initiative aimed at rethinking
notifiable disease surveillance—National Electronic Disease Surveil-
lance System (NEDSS). The NEDSS initiative leveraged develop-
ments in medical informatics (e.g., HL7, Logical Observation Identi-
fiers Names and Codes [LOINC]) and new information communication
technologies (e.g., pervasive Internet access, XML, etc.) to challenge
existing disease-centric methods and approaches to handle informa-
tion. NEDSS was built on the proposition that the process of notifi-
able disease surveillance could be described in a standard way—that
is, as a business process core to public health practice—and could be
standardized in a manner such that data captured in any jurisdiction
could be transmitted through a network of computers to all layers of
the public health system in need of the data. Following the events of
September 11,2001, CDC expanded the conceptions driving NEDSS
to conceive a Public Health Information Network (PHIN) that would
unify the disparate information and communications systems
presently employed to meet the needs of many different public health
programs.'8 PHIN is a broad concept, built around the need to provide
acrosscutting and unifying framework, to better monitor the disparate
public health data streams for early detection of public health issues
and emergencies. Through defined data and vocabulary standards and
strong collaborative relationships, PHIN will enable consistent
exchange of response-, health-, and disease-tracking data between
public health partners. In conjunction with the PHIN vision, CDC
and the HRSA have distributed significant grant funding intended
to rapidly scale-up state and local public health information infra-
structure.

Other federal funding agencies are promoting similar changes in
the informatics structure of public health. HRSA has sponsored
telemedicine and systems integration grants to states to spark devel-
opment of systems that integrate child health information and extend
health-care providers to remote and rural locations through telemed-
icine. The HRSA grants sponsor more than 20 states’ efforts to inte-
grate newborn dried blood spot screening results with other early
child health information systems, such as newborn hearing screening
and immunizations. The combination of funding for NEDSS, PHIN,
terrorism and preparedness, and the HRSA integration projects has
led to enterprise-level thinking within public health agencies. Public
health information infrastructure will also benefit from fiscal year
2004 grants and contracts distributed by the Agency for Healthcare
Research and Quality (AHRQ) that promote interconnection of health
care and public health through use of electronic health records. In
addition, public health informatics training is now a focus of the
National Library of Medicine in a joint effort with The Robert Wood
Johnson Foundation, through four grants to major academic centers
who have joined medical informatics programs with schools of pub-
lic health to build a cadre of doctoral and masters’ level public health
informaticists.

Several national initiatives that have major implications for the
development of integrated health information systems are currently
underway. These include the National Health Information Infrastruc-
ture (NHII) initiative, which addresses all aspects of health informa-
tion systems, including clinical medicine and public health. NHII is
“the set of technologies, standards, applications, systems, values, and
laws that support all facets of individual health, health care, and pub-
lic health”. The broad goal of the NHII is to deliver information to
individuals—consumers, patients, and professions—when and where
they need it so they can use this information to make informed deci-
sions about health and health care.!” CDC’s PHIN initiative addresses
the public health component of NHII. In addition, the Medicaid



Information Technology Architecture (MITA) initiative of the Cen-
ters for Medicare and Medicaid Services addresses information sys-
tems for the nation’s largest payer of health care.?’

In 2004, the Office of the National Coordinator for Health Infor-
mation Technology (ONC) was established within the Department of
Health and Human Services to coordinate and oversee the range of
activities in developing health information systems around the country.
A Framework for Strategic Action was developed and released in July
2004.2' The framework describes a vision for consumer-centric and
information-rich care with four goals:

1. Inform clinical practicioners to improve care and make health
care delivery more efficient.

2. Interconnect clinicians to allow information to be portable
and to move with consumers from one point of care to
another.

3. Personalize care—consumer-centric information will help
individuals manage their own wellness and assist with their
personal health-care decisions.

4. Improve population health through the collection of timely,
accurate, and detailed clinical information to allow for the
evaluation of health care delivery and the reporting of criti-
cal findings to public health officials, clinical trials and other
research, and feedback to clinicians.

The establishment of ONC sent the signal that information tech-
nologies must be deployed in a way that supports improvement in
quality, safety, and efficiency of care. If agreements can be reached
on the major information architectural standards (data, transmission,
and security) and appropriate approaches to governance and viable
business models can be demonstrated, then regional health informa-
tion exchanges (RHIOs) will emerge across the nation to assist and
transform how health care is delivered. Public health considerations
should be central to this transformation, and public health informat-
ics will be central to how public health agencies participate.

Some of the most important barriers to development of inte-
grated information systems are the lack of agreement on standards for
data exchange and the lack of clarity on developing statements of
required functionality.

> LESSONS LEARNED IN DEVELOPING HEALTH
INFORMATION SYSTEMS TO DATE

The All Kids Count project summarized 10 lessons learned for health
information systems projects:

1. Involve stakeholders from the beginning—stakeholders,
especially those who are the users and beneficiaries of infor-
mation systems, need to be actively involved throughout the
planning and implementation of health information systems.

2. Recognize the complexity of establishing a population-based
information system—although clinical information systems
may be quite complex, they essentially deal with transactions
in a population that is quite selective (e.g., those admitted to
a particular hospital). By contrast, population-based infor-
mation systems must ensure that all people who live in a par-
ticular area are included, regardless of whether they make use
of clinical or public health services or not.

3. Develop the policy/business/value case for information
systems—a systematic and rigorous approach to developing
the business of value case for integrated health information
systems is needed to gain support from policy makers.

4. Define the requirements of the system to support users’
needs—information systems are designed to support health
care or public health functions. Too often, the users are not
explicit in defining what the system must be able to do in
order to support them appropriately. This leaves system
developers with insufficient guidance. More emphasis is
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needed on designing information systems that support the
work processes of physicians and other health workers and
on developing tools and techniques to help them overcome
both perceived and real barriers to using information systems.

5. Develop information systems according to current standards—
successful exchange of information between public health and
clinical information systems will require public health agen-
cies to support standards-based system as an essential invest-
ment in their infrastructure.

6. Address common problems collaboratively—although no
two programs are the same, most public health programs face
common challenges in developing and implementing infor-
mation systems. By working collaboratively, it is possible to
learn from one another and avoid making the same mistakes
repeatedly. The Association of Public Health Laboratories
(APHL) and the Public Health Informatics Institute collabo-
rated with 16 states to define the business processes and func-
tional requirements for public health laboratory information
systems. As the states worked together, they discovered that
they had more in common than they initially believed,
although there were some areas that were unique to a given
state (diversity within commonality).

7. Plan for change—the pace of evolution in information sys-
tems is dazzling and it is clear that there will continue to be
rapid changes. We must develop change management plans
to be able to accommodate to the changing environment.

8. Plan boldly, but build incrementally—it is important to have
a grand view of the end product but it is also important to
build the system incrementally. This allows demonstration of
completed products and permits adaptation to the inevitable
changes in environment and technology.

9. Develop a good communication strategy—a good communi-
cation strategy begins with listening to the various stake-
holders to understand their concerns and needs before shaping
informational messages. It ensures a message is repeated
many times.

10. Use the information (even if not perfect)—one of the charac-
teristics of those developing information systems is the desire
to have everything perfect before rolling out the product or
sharing information. This is a tendency that must be resisted.
Providing information allows providers to verify it against
records and subsequently update and correct inaccurate infor-
mation. This feedback loop is an important ingredient of
progress.*

» CHALLENGES FOR THE FUTURE—IMPLICATIONS
FOR PUBLIC HEALTH INFORMATICS

The broad public health mission demands that the organized efforts
of governmental agencies work in collaboration with multiple
partners—medical care providers and provider organizations (hospi-
tals, managed care organizations), first responders (fire, police), and
many others depending on the circumstances. Because public health
agencies are components of government, they are restricted in where
they focus their efforts. Public health has evolved its mission through
careful assessment of the causes of death and disability and transla-
tion of those findings into policy initiatives that bring about changes
in law, which in turn increase the scope of the public health mission.
Public health informatics should be central to this process because it
is through information technologies that data are gathered, analyzed,
and understood. Further, public health informatics can influence the
services that public health agencies are legally mandated to assure.
Information technologies support processes; public health drives
numerous processes that support the delivery of primary care and
population-based services. Public health also coordinates efforts from
local communities to state authorities and eventually works in con-
cert with federal agencies (e.g., DHHS, DHS, USDA, EPA, etc.). In
every domain of the public health mission, informatics has and will
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continue to have an impact on how services are organized and deliv-
ered, the scope of information made available for policymaking, and
how policy makers, providers, and citizens at large are informed.

Technologies provoke policy change by creating new possibili-
ties. For example, the invention of penicillin changed the treatment
of communicable diseases like syphilis and changed the manner in
which public health agencies organized efforts to treat infected
individuals. In a similar manner, innovations in IT have provoked
changes in public health practice. When a new technology presents a
significant shift in capability, public health organizations are forced
to respond. Thus, public health informatics is both a servant to pro-
gram needs and an agent of mission change. The evolution of data
coding (e.g., LOINC, SNOMED, etc.) and data transmission (e.g.,
HL7) make the capture and transmission of clinical information a fea-
sible and cost-effective reality. Given that reality, public health agen-
cies cannot ignore the potential to capture a more complete picture of
current patterns of illness and patterns of care. The cycle of innova-
tion provoking new forms of practice continues at an increasing pace.
Public health informatics rests at the fulcrum of this change.
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> OVERVIEW OF HEALTH DISPARITIES

Some health experts argue that we may have entered a third wave of
health.! After combating communicable diseases in the first wave and
chronic disease in the second, an era may emerge in which people are
living longer with increasingly less disease burden, technological
advances are promising to halt the encroachment of disease, and a
growing number of people are considering themselves to be in good
health.! At the same time, however, millions of people worldwide are
suffering and dying from diseases and disabilities that are easily pre-
ventable or curable. Diseases such as polio, measles, and tuberculo-
sis, are rare or nonexistent among populations with access to resources,
but far too commonplace for those living in impoverished or disadvan-
taged conditions. In developing countries, one million children die each
year from measles, infant mortality rates are seven times higher than in
industrialized countries, and the AIDS virus threatens to undo any gains
made in childhood survival rates.” Such statistics are not isolated to
developing nations. In more developed regions of the world, such as
North America and Europe, many people still receive substandard care
or suffer from significantly higher rates of disease and lower levels of
favorable health outcomes than others. Although by no means univer-
sally agreed upon, the concept of health disparities refers to differences
in one or more health-related variables associated with membership in
some population group or subgroup.

Initially, the United States may have lagged behind other nations
in recognizing the health disparities concept, as well as in efforts to
research and redress health disparities. The last 12—15 years, how-
ever, have witnessed increasingly strong governmental and philan-
thropic efforts in this area. A strategically important landmark in this
regard was the setting of national health objectives embodied in the
Healthy People 2010 endeavor under the auspices of the U.S. Depart-
ment of Health and Human Services (DHHS).? Goals of Healthy Peo-
ple 2010 include (a) increasing life expectancy and improving quality
of life for all individuals and (b) eliminating disparities among popu-
lation segments, including socioeconomic position, gender, race/
ethnicity, disability, geographic location, or sexual orientation. These
goals went beyond those of Healthy People 2000 that were principally
concerned with population groups that were believed to be at high risk
for death, disease, or disability. Cascading from Healthy People 2010
have been strong health disparity research and monitoring efforts ema-
nating from other federal agencies, each conditioned by its particular

substantive focus. For instance, the Institute of Medicine’s 2003
report, Unequal Treatment: Confronting Racial and Ethnic Dispari-
ties in Health Care*, concluded that after controlling for socioeco-
nomic status (SES) and health insurance, African Americans and
Latinos received inferior health care in part related to physicians’
stereotypes of minority patients. The Institute of Medicine separates
these issues of bias together with those of health-care system
inequities from differences due purely to clinical considerations.
Other government entities have also substantially contributed to the
overall effort. These include various operations of the National Insti-
tutes of Health, the Health Research and Services Administration, and
the National Center for Health Statistics (NCHS). In addition, acting
collaboratively and independently, state health departments have ini-
tiated and sustained health disparity research, monitoring, and inter-
vention initiatives.

Conceptualizing Health Disparities

At its core, the notion of health disparities relies on differences—
differences in health attributable to membership in one population
group versus another. A historically influential feature of the health dis-
parity concept is its location in worldwide policy and scholarly debates
about public health. It is important to understand that recognition of
health disparities as a public health issue and subsequent elaboration of
its definition and its relationship to other issues, such as health care and
measurement of public health variables, took place under the auspices
of international institutions such as the World Health Organization
(WHO). In the United States there is generally firm adherence to the
term disparity, while in the United Kingdom and European countries
the terms “inequality” and “variations™ are more typically employed.
Regardless of the particular term invoked, the logic of health dispari-
ties is consistent and can be illustrated (Fig. 6-1.)

In this scheme, it is held that differences or variations, say, in
race/ethnicity are conceptually part of disparities because they are
facets of the implicit overarching public health or societal value of
equity. It is generally held that group differences based on these vari-
ables are proximally or distally associated with differences in health,
thereby establishing inequitable life situations, including differences
in health care or health outcomes. Disparities in health exist between
groups of people, not individuals. The chain of events set in motion
by membership in a particular group emanates from differential
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Equity as overarching value

/

Inequitable opportunity based on:
Socioeconomic position

Group differences
manifest as disparities

Race/ethnicity in health that are
Disability inequitable
Geography
Gender

E.g., higher infant
mortality for African

Americans versus
Non-Hispanic Whites

E.g., African Americans versus
Non-Hispanic Whites

Figure 6-1. Conceptualizing health disparities.

environments, health status, or access to health care, and these are
presumed to be underlying causes of health disparity. Therefore,
group membership based on such factors as gender, race, and/or class
inequalities may confer limits on one’s access to adequate nutrition,
safe living and working conditions, educational opportunities, and
personal medical services, which in turn result in differential health
outcomes. For example, differences between U.S. non-Hispanic
whites and African Americans are found with infant mortality, with
African Americans experiencing higher rates than non-Hispanic
whites. The overarching value of equity highlights concerns of priv-
ilege inherent in social groupings, and it affects ways in which health
disparities are conceptualized and measured.

In addition to this basic health disparities logic, additional con-
siderations are consistent features of health disparities debates. These
include individual versus structural influences on health and the
extent to which health inequalities are avoidable and unjust. The first
of these references the fundamental question of whether health dis-
parities arise due to individual behavioral choices and cultural prac-
tices or externally imposed structural factors.>® Responsibility cannot
be completely attributed to one or the other; rather, health disparities
are generally thought to arise at the intersection of individual behav-
ior or cultural constructions and the social structure.® Populations that
live in environments of high material and social disadvantage, that is,
poverty, low social position, unemployment or underemployment,
discrimination, lack of social capital, unsafe living and working envi-
ronments, and powerlessness are thought to be at relative increased
risk for disease.”®

Second, health disparities do not refer to all differences in health
but to those that are potentially avoidable or that occur as the result
of injustice. In a just system, the majority of care and health resources
would be allocated to those in the most need, the most disadvantaged
in society.’'? Therefore, much of the work regarding health dispari-
ties is particularly concerned with issues of social justice and human
rights, one of which is health. This refers to both the right to obtain
adequate health care and the right of everyone to enjoy the highest
level of health. From the justice standpoint, structural constraints on
adequate health and health care are a denial of one’s fundamental
human rights. In an equitable system, all would have the same oppor-
tunity to attain their full health potential. Resource allocation and
health care access would also be based on and distributed according
to the greatest need.” However, the current health-care system often
functions according to the inverse care law in which regions with the
highest disease burden receive the fewest health resources.!' Like-
wise, funding tends to flow away from these areas, not toward them.
Although policy makers are aware of this discrepancy, it is often dif-
ficult to shift or reallocate resources. For example, in the United
States from 1991 to 2000, medical advances in technology averted
176,633 deaths, but “equalizing the mortality rates of whites and
African Americans would have averted 886,202 deaths.”!? Far more

is spent on technology than on achieving equity in health care deliv-
ery. These data highlight the compelling nature of health disparity,
and they bring to the foreground the ethical issue of what differences
should be tolerated and redressed. The compound effects of social
disadvantage and increased risk for disease can be thought of as a
form of structural violence precipitated by social structures and insti-
tutions, which prevents individuals from achieving their full poten-
tial. As Paul Farmer'® asserts, “Structural violence is visited upon all
those whose social status denies them access to the fruits of scientific
and social progress.”

International Context. The diverse vantage points for considera-
tions of health disparities are located by how disparities are defined.
Sorting out terms such as disparity, difference, inequality, and inequity
is largely a matter of grasping the way in which definitions of dispar-
ity have emerged over time and in various contexts. One of the earli-
est and most influential definitions is attributed to Margaret White-
head through work with the European Office of the WHO in the
1990s. As shown in two reviews,”!* her definition explicitly refer-
ences inequalities and inequities, where inequalities are defined as
“differences in health which are not only unnecessary and avoidable
but, in addition, are considered unfair and unjust,” and “equity in
health means that all persons have fair opportunities to attain their full
health potential, to the extent possible.” She went on to specify deter-
minants of inequalities, including exposure to unhealthy environ-
ments, poor access to health care, and other individual-level variables
such as natural selection and individual behaviors. These definitions
are notable for distinguishing determinants from outcomes and for
emphasizing the value of equity.

Subsequent WHO definitions are conceptually more inclusive
and explicit, as well as more elaborate, in their focus on equity, and
they introduce the need to consider measurement of health disparities,
something that has emerged as a dominant concern in health dispari-
ties research and intervention. For instance, “Equity means that peo-
ple’s needs, rather than their social privileges, guide the distribution
of opportunities for well-being. In virtually every society in the
world, social privilege is reflected in differences in SES, gender, geo-
graphic location, ethnic/religious differences and age. Pursuing
equity in health means trying to reduce avoidable gaps in health sta-
tus and health services between groups with different levels of social
privilege.”’> Another international health organization, the Interna-
tional Society for Equity in Health, also invoked equity, “The absence
of systematic and potentially remediable differences in one or more
aspects of health across populations or population subgroups defined
socially, economically, demographically, or geographically.”!® Still
another definition refers to ‘“social determinants” and stresses
inequalities, “systematic differences in health of groups and commu-
nities occupying unequal positions in society.”!”

The “unequal positions in society” aspect of the inequalities
notion highlights another persistent and crucial context of the health
disparities debate—differential access to health care. From logical,
ethical, and policy standpoints, differential access to health care is a
key issue with respect to health disparities because it may serve as a
vehicle for reifying inequality inherent in group memberships as
inequitable health outcomes. Access to health care necessarily entails
access to health-care resources and attention to equitable distribution
of resources by researchers and interventionists. A thorough treat-
ment of equity in health care is beyond the scope of this chapter, but
most definitions reference the fit between need and resources.'®
Accordingly, vertical equity refers to the allotment of health
resources based on differential need between groups.!® Perhaps owing
to structural differences in health-care systems between the United
States and many other developed nations, equitable access to health
care, broadly conceived, is a key element of health disparities policy,
research, and intervention in the United States.

United States Context. The U.S. Health Resources and Services
Administration has been an integral part of the U.S. context in health
disparities. As its name implies, this agency’s definition explicitly



6 Health Disparities and Community-Based Participatory Research: Issues and Illustrations 57

links health disparities to access to care, “... a population-specific dif-
ference in presence of disease, health outcomes, or access to care.””
Similarly, one of the Institute of Medicine’s foci is on the differential
burden of disease based on differences in, say, cancer survival rates
among population groups, including race/ethnicity or SES.?! Com-
pared to Europe-located definitions above and owing in large part the
Healthy People 2000 and Healthy People 2010 processes, this and other
U.S. definitions of health disparities emphasize the word differences—
differences in groups and differences in health outcomes. While the
overarching value of equity is implicit in U.S. definitions, it is not often
explicit. Nevertheless, equity is inherent in the Healthy People 2010
goal of eliminating health disparities, “to eliminate health disparities
among segments of the population . ...

It should also be emphasized that this goal takes the affirmative
stance of moving beyond mere concern for equity to setting the goal
of eliminating disparities for specific groups. The impetus and coor-
dination supplied by Healthy People 2010 has resulted in adoption of
generally compatible definitions across agencies responsible for dif-
ferent parts of the United States’ health promotion and health care
systems. Important U.S. legislation such as Public Law 106-525, the
Minority Health and Health Disparities Research and Education Act
of 2000, focuses attention on population differences. “A population
is a health disparity population if ... there is a significant disparity in
the overall rate of disease incidence, prevalence, morbidity, mortal-
ity, or survival rates in the population as compared to the health sta-
tus of the general population ... populations for which there is a con-
siderable disparity in the quality, outcomes, cost, or use of health care
services or access to, or satisfaction with such services as compared
to the general population.”??

It is important to consider how various entities within the U.S.
government define health disparity, as their agencies’ agendas for
research and intervention are reflected in and determined by these
definitions. Agencies such as the National Institutes of Health, the
Centers for Disease Control and Prevention (CDC), and the entirety
of the DHHS have adopted this definition: “Health disparities are dif-
ferences in the incidence, prevalence, mortality and burden of disease
and related adverse health conditions that exist among specific popu-
lation groups in the United States ... these population groups may be
characterized by gender, age, ethnicity, education income, social
class, disability, geographic location or sexual orientation.”* Owing
to its conceptual inclusivity, this definition sets an ambitious and far-
reaching agenda that has tremendous implications for research and
monitoring efforts, specifically with respect to measurement issues.
Disparities that might be uncovered by a particular study or focused
on as part of a community-based participatory research (CBPR) effort
are dependent on the measure used. That is, each measure used
reflects some meaning of disparity, and the choice of measure used
depends on the goals of a particular study. Nevertheless, there is a
customary collection of measurement strategies employed, and we
provide an overview of these.

Measuring Health Disparities

To a great extent, the quality of interventions and research such as
CBPR that aim to understand or redress health disparities depends on
the quality of health disparity indicators. Measures of health dispar-
ity are part and parcel of research, intervention, and ethical concerns
about what aspects of disparity are vital to address. Some measures
are intended to gauge the grouping variables in Fig. 6-1 such as
socioeconomic position, while others focus directly on measurement
of health outcomes like infant mortality. Deciding which measure to
use depends on the particular research question one is attempting to
answer, and these questions are often intertwined with value ques-
tions such as fairness, different conceptions of health, and concerns
about what is important to assess. There is an increasing array of mea-
sures and analytic techniques used by health disparity researchers,?
and a full treatment of these is beyond the scope of this chapter. Nev-
ertheless, all measurement situations are intended to clarify some fea-
ture of the relationship between group membership and health.

In the simplest form, measurement of health disparities takes
place when a single disparities subgroup within, say, the race/ethnicity
group is compared across a single health outcome. For instance, this
type of measurement might entail comparing a sample of Hispanics
to the total population on the incidence of Type II diabetes. Two sub-
groups might also be compared to one another, for example, males
versus females or urban versus rural populations on one or more health
outcomes. A yet more complex measurement situation involves com-
parison on some health disparity outcome across multiple subgroups
within a disparities group, for example, several race/ethnicity cate-
gories or several socioeconomic categories. Additionally, more com-
plex measurement situations would involve combining subgroups in
order to make comparisons. For instance, low-SES Hispanics might
be compared to high-SES non-Hispanic whites on the incidence of
Type II diabetes.

Issues of research design should also be considered. Recently,
the NCHS published a guide written by an expert group that details a
set of six choice points linked to guidelines for measuring health dis-
parities that is consistent with Healthy People 2010 goals, four of
which are recounted here.> For clarity and consistency, our treatment
follows these recommendations. The reader is advised to consult this
and other publications®?¢ for a more complete view of important
nuances involved in the choice point and guidelines.

When measuring disparities, it is customary to calculate a quan-
titative comparison on some health-related indicator between groups
within a domain of interest. Domains are sets of groups defined by
some variable, for example, gender, race/ethnicity, socioeconomic
position. Although not universally achieved, it is methodologically
important that groups be as mutually exclusive as possible, such that
calculations of difference are made between males and females only
on some health indicator. Some domains may be ordered from low to
high, as in SES, while others, for example, race/ethnicity can not be
ordered. Calculations can include rates, percentages, averages, and
many other statistics. In the health disparities literature, the terms dif-
ference, risk, and disparity are often used interchangeably. Shown in
Table 6-1 are selected choice points and guidelines from NCHS.
Those selected represent common and important decisions regarding
which disparity measures to use.

Reference Point. The choice of reference point is fundamental to
measurement of health disparities. It refers to the question, “different
compared to what?” and will indicate the size and direction of dis-
parities. Because they are generally the most stable, total population
rates are often used for comparison. The mean of the rates for each
group may also be used. Other frequently used reference points are
the Healthy People 2010 target rates, and it is highly recommended
that, in nearly all situations, rates for the healthiest or more favorable
groups be employed as points of reference. For example, females gen-
erally have more favorable (lower) rates of hepatitis B than males, so
the rate for females would be the required reference point. The choice
of a specific reference point will also depend on the purpose of a
given study; but in all cases, reference points are to be clearly
identified.

Absolute versus Relative Disparity. When comparing two or
more groups on some health indicator(s), the values for the indica-
tor(s) may be expressed as absolute values or relative to a reference
point. Absolute measures yield data on the size of disparities and are
calculated by subtracting the value for a reference point from one or
more group values. Relative measures are useful for making compar-
isons without regard to size and are expressed as ratios or fractions
wherein the rate for a reference group is subtracted from the rate for
given group, and that value is divided by the value of the reference
point and then multiplied by 100 to yield a percentage difference. In
some cases the two measures mean essentially the same thing, but
comparisons across measures, time, population groups, or geographic
areas may yield different conclusions. In order to generate a more
complete view of disparities, the NCHS group recommends using
both absolute and relative measures.
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TABLE 6-1. CHOICE POINTS AND GUIDELINES FOR MEASURING HEALTH DISPARITIES

Choice Point

NCHS Guideline

Reference point: the specific rate, percentage,
proportion, mean or other quantitative
indicator from which a disparity is measured

Absolute versus relative disparity

Measuring disparity in terms of adverse
or favorable events

Choosing whether to weight groups
according to group size

Reference point(s) should be explicitly identified
and rationale provided.

In making comparisons between two groups, the
more favorable group is to be used as the
reference point.

Disparities should be measured in both absolute
and relative terms in order to understand their
magnitude, especially when comparisons are
made over time or across geographic areas, pop-
ulations, or indicators.

When relative measures of disparity are
employed to compare disparities across different
indicators of health, all indicators should be
expressed in terms of adverse events.

The choice of whether to weight the component
groups when summarizing disparity across a
domain should take into consideration the reason
for computing the summary measures.

When assessing the impact of disparities, the size
of the groups and the absolute number of persons
affected in each group should be taken into
account.

Measuring Disparity in Terms of Adverse versus Favorable
Events. Although this choice refers only to relative measures of dis-
parity, the ubiquity of relative measures makes it important. This
choice point hinges on what it means to ameliorate disparity. In most
cases the language is that of reducing or eliminating differences on
some health indicator between a historically disadvantaged group and
its comparator advantaged group. For example, the goal might be to
reduce the relative difference in infant mortality rates between non-
Hispanic blacks and non-Hispanic whites, the reference group. This
entails reducing an adverse event. The intent of preferring adverse
events is to increase consistency in reporting, especially across indi-
cators to assess change over time. Additionally, measuring disparities
in the same way facilitates comparisons of relative measures.

Choosing Whether to Weight Groups According to Group Size.
Frequently, it is important to know the size of one social group’s con-
tribution to the domain under consideration and to weight group val-
ues accordingly. In these cases, group values may be statistically
adjusted on some disparity measure to account for the size of a group’s
contribution to the domain. Depending on how they are applied,
weighted measures may highlight the contribution of disparity to pop-
ulation health or they may obscure important health differences in rel-
atively small populations. The choice of whether or not to weight mea-
sures should be made on the basis of the purpose of a particular study
in the context of the accumulated literature, the size of groups, num-
bers of persons affected, and the reference point employed.

Identifying Determinants of Health Disparities

Members of non-white racial and ethnic groups tend to experience
more ill health and disease than their white counterparts. On almost
every health outcome variable, African Americans suffer more than
European Americans.’ American Indians and Alaskan Natives (AIAN)
experience significantly higher rates of dental caries, disability, dia-
betes, circulatory problems, arthritis, and death and are less likely to
receive adequate care.?”?® Studies show that minorities often receive
less care, less intensive treatment, and less follow-up care.*?3°
Despite steady improvements in overall health status in the United
States, racial and ethnic minorities experience a lower quality of health
services, are less likely to receive routine medical procedures, and

have higher rates of morbidity and mortality than the majority popu-
lation. These disparities in health care exist even when controlling for
gender, condition, age, and SES. Due to strength and persistence of
these effects, race/ethnicity has come into sharp focus as a key health
disparity variable. Nevertheless, health researchers often do not
define these terms and use them without questioning why such a dis-
crepancy exists.!3?31-33 Often the terms “race” and “ethnicity” are
used interchangeably and without considerations of potentially
important distinctions between the two.

Dressler and colleagues® recently described several models that
attempt to explain health disparities. They describe a racial-genetic
model, which emphasizes differences in the distribution of genetic
variants between groups; a health-behavior model, which focuses on
differences in the distribution of individual behaviors (e.g., tobacco
use, physical activity) between groups; a socioeconomic model,
which highlights the over-representation of groups within lower SES;
a psychosocial stress model, which emphasizes the stresses associ-
ated with experiencing conditions such as racism; and a structural-
constructivist model, which focuses on differences in morbidity and
mortality due to both racially stratified structures and cultural con-
struction of routine goals and aspirations.

Race is an especially problematic term. For many, race repre-
sents a biological reality. Increasingly, however, researchers have
come to recognize that while human variation is biological, race itself
is a cultural construction. As such, it is frequently used as a proxy for
a variety of environmental, behavioral, and genetic factors, and con-
sequently, “rigorous tests of the precise causal mechanisms involved
are the exception, not the rule.”” From this perspective, individuals
are ‘“racialized subjects.” They are only acknowledged in terms of
their racial status, are therefore deprived of agency, relegated to being
passive “victims” who lack knowledge, resource, and initiative.*3
Additionally, “race/ethnicity” is frequently a code for black or African
American, and research is primarily concerned with the health divide
between European Americans and African Americans.>"® Under-
standing the disparities between these two groups is essential to
understanding health disparities in general. There are several expla-
nations posited as to why such a discrepancy exists. The first expla-
nation ascribes the poorer health of African Americans to their nat-
ural or genetic traits. This is an appealing explanation, because it fits
with common ideologies regarding the biological reality of race, but
actually, such claims are wholly unsubstantiated. Such suppositions
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regarding genetic causes of racialized diseases have historically been
used to manage and control black populations and make their higher
propensity for disease seem natural and unproblematic.?®

One explanation attributes racial differences in disease to cul-
tural or behavioral differences. In this view, suffering as a result of
poverty or poor living conditions is explained as the result of a cer-
tain culture or lifestyle.'> When culture is employed as an explanation
for health, interventions are often misdirected toward individual
behavior change. However, it is unreasonable to expect that behavior
will change easily when so many other prohibitive social, cultural,
and physical factors exist.’> Notwithstanding behavior change
adopted by some individuals, more will continue to enter the at-risk
population because “we rarely identify and intervene on those forces
in the community that cause the problem in the first place.”*” A third
explanation posits that the health gap between blacks and whites
exists due to differences in economic status. However, SES, although
a contributing factor, by itself cannot explain all racial and ethnic
health disparities. Furthermore, this explanation assumes that all
African Americans are of a lower economic status.

Yet another model attributes health disparities to psychosocial
stress due to persistent racism and discrimination,® wherein race is
often treated as a proxy for racism, which is viewed as the determi-
nant of disease.’! Nancy Krieger® identifies five pathways through
which racism and discrimination harm health: (@) economic and
social deprivation, (b) increased risk of exposure to toxic substances
and hazardous conditions, (¢) socially inflicted trauma, including per-
ceived or anticipated racial discrimination, (d) targeted marketing of
legal and illegal psychoactive substances, and (e) inadequate health
care. These pathways implicate material, subjective, and institutional
components of racism.

SES is one of the primary determinants of ill health.’'” There is
a clear link between socioeconomic status and health. SES influences
virtually all major indicators of health status, including functional
impairment, self-rated health, and disease-specific morbidity and mor-
tality.’! However, disentangling effects of individual variables from the
mass of SES definitions and variables employed in the research base is
difficult. For instance, people living in economically deprived condi-
tions may also be geographically isolated from necessary resources,
such as health-care providers and grocery stores, and they often expe-
rience high rates of unemployment and are among those least likely to
receive a high school diploma. Other SES-related variables to consider
include lack of accumulated wealth among families, toxic environ-
mental conditions, and low levels of social support or social capital.
The effect of SES on health may be explained by psychobiological
mechanisms. Specifically, long-term stress associated with low SES
may result in chronically elevated cortisol levels.® The Whitehall 1T
study, for example, showed that decreased employment gradient posi-
tion was linked to numerous stress-related conditions, including
increasingly low control of work activities, lack of work variety, low
job satisfaction, increased hostility, low social contact, distressing
events, financial difficulties, and low control over health outcomes.?®
Individuals under such chronic stress have resulting chronic elevations
of cortisol, as well as epinephrine and norepinephrine (cate-
cholamines), which have been linked to decreased health status.®

Barriers to Reducing or Eliminating Disparities. Despite the
recognition that issues of substandard or inadequate health care and
access need to be addressed and remedied, numerous barriers stand
in the way of efforts to reduce health disparities. First, racial and eth-
nic inequalities are overemphasized in health disparities research,
while other differential aspects of health and health care are ignored.
For example, the health needs of rural populations are less repre-
sented in the literature, and it is clearly an issue related to the overar-
ching value of equity. In this regard, it may be asked whether it is fair
that rural populations, in general, have higher mortality rates than
urban dwellers.

More research is needed to uncover such potentially important
findings as people living in nonmetropolitan areas are more likely to
be uninsured (20% versus 17% in metropolitan areas) and are more

likely to participate in seasonal work and have lower incomes.*
Therefore, rural inhabitants are at high risk for being both uninsured
and living below the federal poverty level.*’ Second, interventions are
not always effectively tailored to the target population. Medical care
and health messages are targeted at a baseline, mainstream, unmarked
audience. Campbell and Quintiliani*' argue that tailored messages are
critical to eliminating health disparities, but they fail to recognize that
messages are already tailored to the unmarked category, which is typ-
ically middle-class white male. Failure to target marked groups may
lead to ineffective messages.

Finally, some contend that professional organizations impede
efforts to reduce or eliminate health disparities. For example, New
Zealand has had excellent success with a program that trains pediatric
oral health therapists to provide basic dental care. Despite the proven
effectiveness of this model, efforts to initiate this program in the
United States to bring dental care to AIAN children have been stalled
by the American Dental Association (ADA). The ADA is attempting
to put legislation into place that would prevent non-dentists from
making diagnoses or performing irreversible procedures such as
treatment of caries or extractions, the most needed procedures among
these children.?” Due to this lobbying, scores of children and their
families continue to suffer a lack of good dental hygiene.

One of the emerging trends in health disparities research is high-
lighting previously unrecognized underserved populations. For exam-
ple, there is a small but growing body of literature regarding inequal-
ities in the health status of elderly minority populations, which has
resulted in more legislation to address this population.?® Other devel-
opments focus on efforts to reduce/eliminate disparities. Empower-
ment is proposed as an effective strategy to facilitate efforts of peo-
ple to gain control of their lives, meet new challenges, and create new,
positive experiences.®” An extensive amount of recent work has
focused on one empowerment-based strategy—CBPR as a way to
reduce health disparities.’3742 In this approach, the reduction of
health disparities is viewed as not only a matter of increasing access
to services or reducing exposure to harmful agents, but also the rights
of all people to participate as equal partners in policy and decision
making, regardless of class, race, ethnicity, or national origin.*3

» OVERVIEW OF CBPR

Conceptualizing CBPR

CBPR represents an increasingly popular empowerment-based ori-
entation to health research and practice that attempts to redress health
disparities. CBPR occurs when professionals and community mem-
bers work together as partners. The basic premise is that this partner-
ship is equal. Each partner is viewed as bringing to the table different
expertise at different points and time in the CBPR process. A widely
cited definition for CBPR is that offered by the W.K. Kellogg Foun-
dation’s Community Health Scholars Program.* CBPR is defined as
a “collaborative approach to research that equitably involves all part-
ners in the research process and recognizes the unique strengths that
each bring. CBPR begins with a research topic of importance to the
community with the aim of combining knowledge and action for
social change to improve community health and eliminate health dis-
parities.” As can be seen in this definition, CBPR emphasizes com-
munities’ active engagement in the identification, implementation,
and evaluation of solutions to problems confronting them. The con-
struct of citizen empowerment, therefore, is a vital foundation of
CBPR. Given the importance of the concept of empowerment in
CBPR and other types of interventions concerned with health dispar-
ities, a brief review of the construct of empowerment is presented.

Empowerment. Empowerment refers to “a social action process by
which individuals, communities, and organizations gain mastery over
their lives in the context of changing their social and political envi-
ronment to improve equity and quality of life.”*> Empowerment occu-
pies a central position in CBPR and other community-based health
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promotion and disease prevention efforts, and is typically considered
a mediator between health interventions and the achievement of cru-
cial health outcomes.* Zimmerman’s*' theoretical framework has
been an influential model of empowerment because it articulates
processes and outcomes at individual, organizational, and community
levels of analysis. Empowerment at the individual level may be
labeled psychological empowerment, and may be conceptualized as
including intrapersonal, interactional, and behavioral components. At
the organizational level, organizational empowerment refers to orga-
nizational efforts that generate psychological empowerment among
members and organizational effectiveness needed for goal achieve-
ment. Empowerment at the community level of analysis, community
empowerment, refers to efforts that deter community threats, improve
quality of life, and facilitate citizen participation. These empower-
ment concepts are useful because they may be used to evaluate the
extent to which CBPR partnerships and initiatives are both empow-
ering for citizens and empowered to create changes in environmental
conditions that contribute to health disparities.

To address persistent public health challenges, researchers and
practitioners have embraced participatory and empowerment-based
strategies through various forms of community organization, such as
coalitions or consortia, as well as CBPR partnerships. The principal
advantage of community participation is that it may play a catalytic
role in promoting individual development as well as system change,
and its importance is emphasized in consensus statements of health
promotion priorities by such institutions as the WHO. CBPR may be
a particularly useful tool for addressing disparities in health for sev-
eral reasons. One reason is that CBPR, at least conceptually, empha-
sizes reliance on community viewpoints in defining and developing
solutions to health problems. This is in contrast to traditional expert-
led processes, which often fail to create effective ways to address root
causes of health disparities. In addition, CBPR may reduce health dis-
parities through improved community capacity and empowerment.
While it is generally held that community participation is a route to
increasing capacity to confront the diversity of a community’s health
or social issues, much remains to be learned about how to tailor CBPR
partnerships and initiatives to optimize their effects on health dispari-
ties. Because of the current popularity of CBPR as an empowerment-
based strategy to redress health disparities, we will now turn to a
critical analysis of published literature on CBPR initiatives.

Critique of CBPR Initiatives

In this section, we provide a critical analysis of published CBPR ini-
tiatives in rural contexts. To identify CBPR initiatives for our review,
we conducted a computer database search that included PubMed,
Cinahl Plus, PsycINFO, and Cochrane Database of Systematic
Reviews. Both chapters and peer-reviewed journal articles were
included in our search. Only projects that self-identified as CBPR
were included in this review. Therefore, the phrase community-based
participatory research was used to identify all CBPR projects. This
phrase was combined, using an AND term, with the following key-
words: agriculture, agricultural, farmworker, migrant, rural, and vil-
lage. The inclusion criteria for the study included empirical studies,
of rural populations, published in peer-reviewed journals or edited
books between January 1995 and October 2005.

A total of 16 unique returns resulted from the database search.
Of these, nine were considered ineligible upon review of the publi-
cations. Five were urban in location, and four were not empirical stud-
ies. The seven remaining publications represent ten different CBPR
studies.**#$53 One article reports on three studies, one article reports
on two studies, and one study was reviewed in two different publica-
tions. The seven papers that met the inclusion criteria were coded
according to the definition of CBPR as articulated by the W.K. Kellogg
Foundation’s Community Health Scholars Program, which was pre-
sented previously in this chapter. Two research assistants reviewed
and coded each publication according to the CBPR definition crite-
ria, and two different research assistants reviewed and coded each
publication according to the content analysis tool. The lead authors

then discussed disagreements between the primary coders, and all
discrepancies were resolved. The article was considered the unit of
analysis for this review. Therefore, the two publications that repre-
sented one study were each coded separately, according to the infor-
mation presented by the authors in the individual paper.

Of the articles and case studies reviewed which identified them-
selves as CBPR, only 20% clearly reported that the health problem
was defined by the community. Conversely, the majority of articles
appeared to indicate that the health problems of interest were defined
primarily by university academics. Moreover, approximately 40% of
the articles defined health problems using only empirical data. Unfor-
tunately, few of the articles reported conducing community surveys
or focus groups with community representatives to ascertain the com-
munity’s health problem to be addressed. The majority of health
problems were defined by university academics who had secured
funding for a health problem.

The majority (57%) of the articles did not present information to
represent the involvement of community partners in the research
process. However, over 70% of the studies did present some unique
strength of the partners during the process. There were no consistent
presentations of the roles of each partner or specifically how they con-
tributed to the partnership. Notably, only 10% of the articles reported
the identification of any theory on which to base their work. Most arti-
cles (60%) used an observational design collecting information only
at one point in time. Surveys were used 100% of the time for data col-
lection, with some augmenting this information with archival or other
data. Most of the information was collected via the interviews (80%);
only 30% of the articles stated a testable hypothesis or research ques-
tion to be investigated. The articles discussed here were by no means
a comprehensive assessment of the complete body of CBPR litera-
ture. It does represent, however, articles during a specific time period,
which stated using a CBPR approach to address a rural health issue.

What is self-evident is the lack of any standardized, accepted
reporting policies based on agreed-upon definitions of CBPR. The
articles lacked specificity on the roles of partners and their true col-
laborative nature. Overall, the research topics appeared to be initiated
by researchers. Any assessment of the problem was only through
empirical data for that area. While reasonable epidemiological
approaches to public health exist, these approaches do not appear to
fit directly into a CBPR approach to health because they were not
based upon truly empowering processes that facilitated community
control. Itis clear that for CBPR studies to move forward and address
health disparities, agreed-upon criteria by reviewers and editorial
boards to assess the fidelity of CBPR partnerships and initiatives need
to be developed. The assessment criteria could be based upon agreed-
upon definitions through acceptable published literature.

Economic analyses of CBPR partnerships and initiatives may be
especially needed to advance the health disparities agenda, but are cur-
rently absent from the published literature. Although there may be an
inherent tension between issues of social justice and developing eco-
nomic, profit-oriented justification and analyses, models for conduct-
ing economic analyses that may be applied to CBPR are found in dis-
ciplines such as health services research. The field of health services
research has lived with the intriguing and at times frustrating reality
that the utilization, costs, and outcomes of health and medical care ser-
vices vary markedly by community.>* For a number of reasons, how-
ever, the field of health services research has not been able to fully cap-
ture the essence of community differences in its research. Part of the
challenge has been that communities function, to some extent, as
loosely coupled network forms of organization, and the research on
such forms of organization is relatively young in its development.>
This raises an important and challenging economic problem.

As many have recently argued, successful health initiatives of
the future will be ones which can be supported by a clear “business
case.””° How can we examine the “business case” for CBPR as a
strategy to redress health disparities? Can proximal, intermediate, and
distal outcomes be sufficiently measured and attributed to specific
types of CBPR partnerships and interventions? Clearly, the challenge
is different than, say, measuring the impact of a specific medical care
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intervention and determining the extent to which the medical care
intervention was responsible for observed changes in outcomes. This
kind of analysis is the realm of standard intervention-based cost-
effectiveness research.5%¢!

CBPR may be relatively unique in that benefits accrue to the
individuals who participate in CBPR partnerships, as well as to indi-
viduals for whom the interventions are intended and to the commu-
nity as a whole. Evaluations of CBPR initiatives would appear to have
limited their focus primarily to individuals for whom the interven-
tions are intended. However, the benefits that accrue to partnership
participants and the broader community in the form of enhanced skills
and competencies, quality of life, and productivity at school and work
may be equal to or greater than the sum of the individual benefits of
the intervention. In other words, many CBPR initiatives may result in
economic “spillovers” to the community, which in turn implies that
any economic assessment or cost-effectiveness analysis of the CBPR
initiatives would be incomplete without considering the secondary
economic benefits to partnership participants as well as the commu-
nity within which the intervention was employed.

> CONCLUDING REMARKS

A mounting body of research indicates that a disproportionate burden
of morbidity and mortality exists among communities with few eco-
nomic and social resources, and those of color. Researchers should
continue developing concepts and measures of health disparities that
reflect a comprehensive understanding of issues facing populations,
subpopulations, and communities. These conceptual and measure-
ment schemes should fit both the context of a population and a par-
ticular health concern. In addition, more work should be undertaken
to understand and evaluate the increasingly popular empowerment-
based approach of CBPR as a means to redress health disparities. The
promise of CBPR to reframe the role of community in research is
appealing, but researchers should be more systematic in applying and
reporting explicit models and outcomes of community participation.
Addressing these issues may be critical for researchers and practi-
tioners to more effectively redress health disparities.
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Genetic Determinants of Disease
and Genetics in Public Health

Fred Lorey

Social policies, public health, and medicine, in that general descend-
ing order of importance, have improved human well-being and
longevity in the twentieth century. Yet disease continues, in the form
of sick populations and sick individuals,! and unhealthy longevity is
a macroeconomic problem.? Naturally, there has been a response—
one composed of social policies, public health, and medicine. In
Canada, a major milestone in this response was the government doc-
ument A New Perspective on the Health of Canadians,? which outlined
the Health Field Concept. Reasonable, thoughtful, and provocative,
this document espoused a four-pronged attack on disease, and it
welded ideas on lifestyle, environment, health care organization, and
human biology into an approach to address disease more effectively.
Considerable attention has been paid to the first three but rather less
has been heard about the fourth component, namely, the biological
basis of disease. This chapter addresses that particular theme. Our
topic is genetic determinants of disease and examples of genetics and
genetic disease in public health as illustrated by newborn and prena-
tal screening programs.

At least 5.3% of liveborn individuals in a large population of
over a million consecutive births were found to have diseases with an
important genetic component before age 25 years.* If congenital
anomalies (some of which have a genetic cause) are also included,
then 7.9% of the population has been identified by age 25 as having
a genetic disorder. A sampling of over 12,000 admissions to a pedi-
atric hospital found that 11.1% were “genetic,” 18.5% were for con-
genital malformations, and 2% were “probably” genetic.’ These find-
ings have been confirmed in other studies.®’

Health is a state of homeostasis, and it is maintained in the face
of a changing and shifting environment. The central tendencies of
metrical traits (mean values) are the quantitative measures of home-
ostasis (e.g., level of blood glucose, cholesterol, phosphorus, osmo-
larity, blood pressure, and so on).® The polypeptide mediators of
homeostasis (enzymes, transporters, channels, receptors, etc.) that are
essential to this process of homeostasis are encoded by genes,
descended to homo sapiens through the evolutionary process. Indi-
viduals retain health if experience does not overwhelm homeostasis
or mutation does not undermine it.

In the conventional medical model, disease manifestations
(symptoms and signs) are the product of a process (pathogenesis) that
has an origin (cause). The manifestations of disease dominate the
practice of medicine. Consideration of cause, incidence, and distrib-
ution of cases constitutes the public health focus. Public health in

Note: This chapter was written for the 14th edition by Patricia A. Baird and
Charles R. Scriver, and revised for the current edition by Fred Lorey.

genetics takes this a step further, by identifying and treating genetic
disorders in large, universal populations of newborns, or providing
earlier detection of birth defects in pregnant women.

Rather than thinking of the determinants of disease as outside
ourselves, our genetic individuality should be seen as a potential
ingredient in the origin of health. Because each individual has a dif-
ferent risk for disease, progress will be optimized if this fact is rec-
ognized, taken into account, and applied. Socioeconomic and envi-
ronmental factors are important determinants of health, but, given a
particular environmental factor, who gets sick may be determined by
genotype. If environmental causes of disease are examined without
taking genetic predisposition into account, we not only are getting an
incomplete picture but also may be missing the chance to identify,
and target with preventive programs, the most “vulnerable” groups.

In this chapter, we start with the premise that genetic causes of
disease have implications for public health because they either
explain cases or identify persons predisposed to disease under disad-
vantageous circumstances. Although most diseases have two histo-
ries, one biological and the other cultural, it is more likely that par-
ticular genes for genetic disease or predisposition exist differentially
or in different frequencies in different populations because of the
roles of natural selection, heterozygote advantage, or genetic drift and
nonrandom mating. This means that in some populations the genes
may have reached such a frequency that they may now exhibit
“clustering” of related disease. When diseases have significant genetic
determinants, there is an opportunity for prevention through counsel-
ing and treatment. To explain cases and thus understand why a partic-
ular person has a particular genetic disease at a certain time, we sum-
marize the rules of inheritance. If diseases associated with inheritance
of biological determinants reach particular high frequencies in a pop-
ulation, it is through one or several historical mechanisms: genetic
drift (founder effect), selective advantage, high mutation rate, repro-
ductive compensation, or several genes associated with a common,
shared phenotype. These mechanisms are examined in this chapter
because they are relevant to public health. They are helpful in our
understanding of the impact and relevance of particular population
screening programs to current and future disease incidence.

A completed human gene map (both genetic and physical) is an
important resource in medicine and for public health; we therefore
describe its relevance. Finally, medical screening is a conventional
activity in public health; genetic screening is a new form of it. The
rationales, principles, and practices of genetic screening are therefore
examined as well. Because innovations on the horizon (e.g., DNA
tests) will change the way health-care professionals view sick indi-
viduals and sick populations, we discuss the implications for public
health and for society in general of the new genetic technology.
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> GENES IN POPULATIONS

Inheritance and Distribution

Since the beginning of Western medicine, it has been recognized that
physical traits and some diseases are inherited. A conceptual basis for
the mechanism of inheritance was provided by Mendel,’ and this con-
cept of a unit of inheritance—the gene—has been richly borne out by
a great deal of animal and plant experimental data as well as by
empirical human data. However, time and research, much of it in pub-
lic heath, now tell us that the role genetics plays does not always fit
the red, pink, white paradigm of Mendel’s peas.

As a species we have a long evolutionary history, and natural
selection has ensured that most genes we possess are useful and advan-
tageous. However, deleterious genes certainly exist and cause major
problems for their possessors. What determines the frequency of such
genes? Will modern medical care for people with deleterious genes
(relaxed selection) mean that as a species we will accumulate an
increasing genetic load of such mutant genes? Take, for example, the
prevalence of vision defects such as myopia. Look around you at the
number of people who wear glasses or contact lenses (or in this day,
have had remedial eye surgery). In our ancestors 50,000—100,000
years ago, such a handicap could be deadly, and that danger probably
kept the frequency of these visual impairments low. Today, that nat-
ural selective force has been removed, and visual deficiencies are com-
monplace. Sickle cell disease increased in frequency only in malaria-
infested areas because in the heterozygote state, it was resistant to
malaria. Today, has the relaxation of that selective factor changed the
frequency of sickle cell disease? The question of what determines the
frequency of mutant genes is therefore an important one.

It has been estimated'*'? that a human being has between 50,000
and 100,000 structural genes. In general, except for those on the sex
chromosomes in males, humans have two copies of every gene, and
therefore each specific function in an individual is usually coded for
by two genes—one from the mother, one from the father. If both
copies in a gene pair code for fully functional gene products, the indi-
vidual will have normal function. If both copies code for defective
products that normally are essential for life, the individual will have
in most cases, but not all, a lethal disease. If one member of the pair
is normal and the other defective, the person’s fate will depend on
whether the normal gene has sufficient product to allow healthy func-
tion. Alternative forms of a given gene are called alleles of that gene.
An individual who has identical alleles in a gene pair is said to be
homozygous. If the alleles in a pair are different—that is, they code
for different (although similar in structure) products—that individual
is said to be heterozygous.

In thinking about the frequency of genes in a population, that
population can be considered as a pool of genes, a pool from which
any individual draws two alleles for each gene pair. Consider a pop-
ulation with random mating where a given gene may exist in the form
of allele A or of allele a. The chance that a person will draw any one
of three possible combinations (AA, Aa, aa) depends on the frequency
of A compared with a in the gene pool.

If p is the frequency of A, and ¢ is the frequency of a, then

p+g=1
and
p=1-¢g

and the relative proportion of the three possible combinations
will be

PAAA) +2 pg(Aa) + g*(aa)

This formula for the distribution of genes in a population!3-!#
is known as the Hardy-Weinberg (H-W) equilibrium, since this

relationship holds only as long as there are no mitigating influences
such as further mutation, natural selection, small population size, or
positive or negative assortative mating (nonrandom mating).

However, when these H-W rules are violated, there can be a rise
in the frequency of a particular phenotype caused by one or more of
these factors:

1. Nonrandom Mating

If mating is random, the only thing determining the probability of a
genotype’s occurring is the relative frequency of the genes in the pop-
ulation pool. This condition may not be met if there is preferential
mating due to traits wholly or partly genetically determined. Assor-
tative mating (like with like) exists for several human traits.

2. Selection

A mutant allele that is harmful to the individual will be less likely to
be passed on to the next generation, since its possessor is less likely to
have children. In other words, it will be selected against and become
less frequent. If the allele is dominant (i.e., just one copy of it is harm-
ful), selection may be quite rapid, particularly if it means that all indi-
viduals with the gene are unable to reproduce; then no copies will be
passed on to the next generation. In this situation, if the disorder occurs
in the next generation, it does so by new mutation. Thus the propor-
tion of cases of a dominant genetic disorder that are inherited depends
on the effects of the gene on the likelihood of reproduction by its pos-
sessor. Selection against recessive alleles is much less effective, since
most copies of the gene exist in carriers who are normal and able to
pass the mutant gene on. Even if selection is completely against repro-
duction in the homozygote, it would take 10 generations (about 300
years) to reduce a gene frequency of 0.10 to 0.05. The less frequent the
allele, the slower the decline in frequency. From a health policy point
of view, it is important to note that going in the opposite direction—
that is, removing selection—acts just as slowly. Successful therapy for
phenylketonuria, for example, would take many generations to raise
the frequency of the gene to any appreciable extent.

If an X-linked allele affects the male so that he does not repro-
duce, only the genes in female carriers are passed on to the next gen-
eration. Females carry about two-thirds of all such mutations. If
affected males are able to have children, then a greater proportion of
cases in the next generation are inherited. Treatment of males with
hemophilia, for example, would be expected to cause some increase
in the frequency of this condition in the absence of any other measure
(such as prenatal diagnosis).

3. Mutation

A mutation is a change in the genetic material (DNA). The term can
be used in a broad sense to encompass any change, including chro-
mosomal deletions or rearrangements. However, it is usually used to
mean a change in the DNA sequence of a gene so that the gene prod-
uct is different (a point mutation), and that is how it is used here.

Mutations are the raw material of evolution and, in a changing
environment, give a species the ability to adapt. However, most muta-
tions cannot be expected to be beneficial, since they occur in an
exquisitely coordinated system of genetic information that has taken
eons to develop. A random change is not likely to be helpful. Many
new dominant mutations are lethal either in utero or very early in life,
so that the cases actually observed in human populations represent
only a proportion of those that occur.

It is difficult to estimate with any accuracy® the current muta-
tion rate in humans. It is probably quite different for different gene
loci. An “average” spontaneous mutation rate in humans would be
about 1 in 100,000 per locus per gamete per generation. Since muta-
tion is usually a stochastic event, the longer the time elapsed, the
greater the likelihood that a mutation will have occurred. Thus it
could be predicted that parents who are older at conception would
have an increased risk for a child with a dominant mutation, and this
in fact is borne out by data. There is increased paternal age in fathers
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of children with dominant disorders (e.g., achondroplasia) that have
never before occurred in the family.!®!”

4. Heterozygote Advantage

It is possible that a gene that is harmful in the homozygous state may
be advantageous in the carrier. This is the case with the genes for tha-
lassemia and sickle cell anemia, which in carriers may protect against
malaria.'® The gene for Tay-Sachs disease is frequent in Ashkenazi
Jews, and it has been suggested that under ghetto conditions!? it con-
fers an advantage in the carrier. The occurrence of such genes in pop-
ulations has importance in terms of health planning and in evaluating
whether screening programs are appropriate for particular groups
within the larger population.

5. Genetic Drift and Founder Effect

When people migrate to new regions, they may develop “new” dis-
eases or express “old” disease at higher frequencies. This phenome-
non reflects either new experiences or “old” genes expressed at
altered frequencies in the settlers.?’ How many susceptible persons
there are in the newly resident population after migration of the
“founder” depends on the number of incoming mutant genes borne
by the founders and on factors that favor their spread through the pop-
ulation (rates of natural increase, degree of consanguinity, and mode
of inheritance). Accordingly, demographic history and structure of
genetic variation may explain clustering of cases.

In the absence of any factor disturbing the equilibrium, the pro-
portions of the genotypes will remain the same from generation to
generation. Thus, if one knows how often a disease due to two defec-
tive alleles (a recessive disorder) occurs, it is possible to calculate the
frequency of heterozygotes (or carriers) in the population. For exam-
ple, if a given recessive disorder (aa) appears in 1 in 10,000 liveborn
individuals, the frequency of carriers (Aa) in that population will be
approximately 1 in 50.

However, as we discovered with Mendel’s peas, the reality with
H-W is often different than the theory. Public health genetics, because
of its universal and large population numbers, has often provided the
evidence for this. In California, for example, where there is a signif-
icant Asian population, newborn screening for hemoglobin (Hb) E
has shown that the frequency of carrier (heterozygotes) verses
homozygous EE or E/beta-thalassemia does not conform to H-W.2!
The most logical violator of the H-W rules in this case is probably that
there is not random mating in this population. In this illustration, as
with many mutations, there are far more copies of the gene in carri-
ers than occur in affected individuals. In other words, based on the
frequency of Hb E carriers, one would expect far more homozygous
EE individuals in the population than are seen.

Methods of Measuring Mutation Rates

In theory, simply counting all individuals in a population of births
who have a disease known to be due to a dominant gene, at the same
time by family history evaluating how many are not inherited, should
give the mutation rate for that locus. In practice, even with excellent
population-based disease registries, this is extremely difficult to carry
out in a large population. In addition to the logistical difficulties of
collecting complete information on a large number of individuals, it
is complicated by such factors as nonpaternity, mild cases that are
missed, patients who die before ascertainment, and similar conditions
that may be wrongly categorized. Indirect approaches to estimating
the mutation rate for recessive disorders use the fact that the fre-
quency of the recessive disease can be counted and that the repro-
ductive fitness (the proportion of mutant to normal alleles passed on)
can be measured in affected individuals. These are related as follows:

Mutation = (1 — Fitness) x Disease frequency

These methods have yielded a range of estimates and may differ
according to gene locus and sex.?? In any case, determining frequen-
cies in humans is difficult.?®

> INCIDENCE AND PREVALENCE
OF GENETIC DISEASE

Measuring the frequency of genetically determined diseases in a pop-
ulation, in the absence of public health programs, is also difficult.
Onset may occur at any time in the life cycle, and there is a gradation
from diseases due to genes that do not permit normal function in any
environment to those in which genetic predisposition is expressed
only in certain environments. Statistics are usually available on a pop-
ulation only for aspects such as mortality by categories of cause or
hospital admissions for diseases coded to the International Classifi-
cation of Disease (ICD). This classification does not allow the fre-
quency of genetic disease to be estimated because it is not a classifi-
cation by etiology.

However, population-based registries, most often obtained by
public health genetics programs like newborn screening, prenatal
screening, or birth defects monitoring, offer a mechanism for count-
ing the occurrence of various disorders that may answer this question.
Registries provide the basic information on disease incidence and
prevalence necessary for planning health and other special programs
and facilities such as health professional and other personnel needs.
If a registry receives information from multiple sources over individ-
uals’ lifetimes (especially if this can be linked into sibship and fam-
ily groupings), some classification of disease in a population by eti-
ology is possible. Additional coding for classification of cases by
etiology is needed. With this approach it is possible to get some esti-
mate of the relative importance of genetics to health.*** Some esti-
mates on the role of genes at different stages of life are provided:

Conception to Birth

Between 50 and 70%? of pregnancies in healthy women fail to pro-
duce liveborn babies. Genetic causes are a major factor in failed preg-
nancies, especially those during the first trimester. Chromosomal
abnormalities are found in half of early spontaneous abortions.?

From Infancy to Young Adulthood

The relative contribution of genetic disorders to all causes of disease
in our population has likely increased markedly in this century for
many conditions. As environmental causes of death and disease have
declined, such as for infant mortality,?” genetic causes assume more
prominence. As the nutritional causes of rickets have declined, the
proportion due to genetic defects in vitamin D metabolism has
increased,” and the heritability of the conditions has increased. This
is but one example of several thousand different genetic diseases,”
many of which are likely to have also increased in heritability as the
environment has changed.

From Middle to Late Adulthood

We have very limited knowledge about the effects of genetic factors
on the overall health of people after 25 years of age. The incidence of
multifactorial disorders of late onset may be up to 60% if such con-
ditions as diabetes, hypertension, myocardial infarction, ulcers, and
thyrotoxicosis are included.*® Including certain cancers makes this
figure even higher.

If age-specific mortality rates are examined, a characteristic
“U-shaped” mortality curve is obtained, with rates highest at each
end of the age spectrum. The causes of death composing the two arms
of the curve are not the same.?' Those in early life are characterized
by abnormal development and difficulty in adaption to life after birth.
Mendelian disorders are characteristically diseases of prereproduc-
tive life,?? with over 90% being apparent by the end of puberty. They
reduce the life span and usually cause psychosocial handicaps. Those
in the other “limb” of the curve are mainly diseases associated with
specific environments, patterns of living, particular occupations, and
advancing senescence.

Several predictions follow from the assumption that heritability
of disease declines with increasing age’':
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1. Persons with early onset are more likely to have severe dis-
ease and to have affected first-degree relatives.

2. Age-at-onset should reach a peak and then decline, since by

some age most of those with the relevant genes will already

have the disease.

There should be multigenic diseases that do not require a

specific environment.

4. Migration, socioeconomic status, and other environmental

change may change age-at-onset and the likelihood of the dis-

ease’s clustering in families.

If one sex is less often affected, early onset, severity, and

increased incidence in affected relatives should characterize it.

Concordance in monozygotic twins should be greatest when

disease onset is early.

Patients with late onset have milder disease that is more

responsive to prevention and treatment.
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For disease categories with a wide range of age of onset, mono-
genic forms are more likely to be found among the early-onset cases,
multifactorial subtypes should characterize adult and middle age, and
in the very old, the disease should likely be due to environmental
determinants. Single-gene disorders of early onset carry heavier bur-
dens than those of later life and are relatively resistant to treatment.*
There may be an irreducible minimum of genetic contribution to dis-
ease and death that feasible environmental manipulation cannot pre-
vent, and the genetic variation in the population may determine the
limits to what can be achieved by any environmental measures. How-
ever, with the advent of a greater understanding of genetic patho-
physiology, it may become possible to tailor “microenvironments” to
fit particular genotypes.

Determining the role of genetics in disease will require better
methods of classifying disease and processing health data. Comput-
erized record linkage will be increasingly important, not only to build
longitudinal health histories on individuals but to link these into sib-
ships and family groupings. Administrative and other health data sets
that already exist can be combined to evaluate if familial clustering
occurs. If familial clustering is found, then various methodologies
may be used to untangle whether this is due to genetic or shared envi-
ronmental factors or, more likely, an interaction between the two.

> CATEGORIES OF GENETIC DISEASE

Given that genetic disease has a substantial impact on health, it is of
interest to examine the various categories of genetic disease that
occur in humans, their frequencies, and the strategies currently avail-
able to deal with them. Several categories may be used when think-
ing about genetic disease, although at some level these are artifactual
and imposed to organize the reality, which is a continuum.

Chromosomal Disorders

One in 200 liveborn infants has a chromosomal error, making this a
common category of disorder. All are potentially detectable by prena-
tal diagnosis, but since only those subgroups of women identified as
being at higher risk (because of age or family history) are screened
prenatally, there is the opportunity to avoid only a proportion of such
conditions at present. Errors may occur in the number of chromosomes
(too many or too few) or in their structure (deletions or duplications of
parts of chromosomes). Two texts cover this topic in depth.>*35 Many
of these errors are incompatible with survival to term; for example,
almost half of all recognized spontaneous abortions in the first
trimester have chromosomal abnormalities.3® The proportion of still-
born infants with chromosomal errors is about 6%.37-3

Autosomal Chromosome Disorders
If an extra chromosome occurs for a given pair, this is called trisomy.
Trisomy has not been observed in living infants for most chromosomes,

although it is compatible with life for the sex chromosomes and
chromosomes 13, 18, and 21. The latter, Down syndrome, is the most
frequent trisomy in liveborn humans. It occurs approximately once in
1000 births, but large-scale screening in public health programs has
indicated the prevalence rate in second trimester is closer to 1/700. So
the exact frequency depends on the age composition of reproducing
women in the population and whether prenatal diagnostic programs
for its detection are in place. It is the most common recognizable
cause for mental retardation in Western populations and is thus of rel-
evance to public health and planning. Its occurrence is very strongly
related to maternal age;* prenatal diagnostic programs are usually
offered to detect chromosomal abnormalities in pregnant women over
35 years of age. Even though these programs are shown to be cost-
effective in terms of health resources, they can reduce the birth inci-
dence of Down syndrome only to a limited degree.* This is because,
even though young women have a much lower risk individually, they
contribute a far greater number of births than women over 35, so that
most Down syndrome infants are born to young women. However
with universal or nearly universal prenatal screening for under 35
women, the birth incidence can be reduced. It is important that cou-
ples with an increased recurrence risk are made aware of the option
of prenatal diagnosis in future pregnancies. It used to be thought that
survival to adulthood in Down syndrome was very poor, but recent
data*'*? show that over 70% of afflicted individuals survive to their
thirties and about half to their late fifties. This obviously has impli-
cations for programs planning to integrate affected individuals into
community, educational, vocational, and residential settings.

The other autosomal trisomies (13 and 18) are less frequent
(1 in 11,000 and 1 in 6000 livebirths, respectively [California Birth
Defects Monitoring 2005]) and result in infants with multiple con-
genital anomalies who often fail to thrive and die relatively young. It
is important to make the diagnosis so that the parents may be coun-
seled regarding the etiology, prognosis, and recurrence risk. Dele-
tions (or duplications) may occur in any chromosome and occur any-
where along the chromosome. The size will vary among patients and
give rise to a whole array of abnormal conditions. Some correlations
of particular chromosomal abnormalities with particular clinical pic-
tures have been made, for instance, deletion of part of the short arm
of chromosome 5 with the cri-du-chat syndrome. Such chromosomal
abnormalities explain why many infants and children are retarded,
fail to thrive, and have birth defects.

Sex Chromosome Disorders
Recognition of sex chromosome disorders is important so that there
is opportunity for avoidance of abnormal offspring and so that the
affected individual can receive proper management to avoid known
complications. Turner’s syndrome was described in 1938% in girls
who were short and sexually immature. It was later* discovered that
this clinical picture was found in girls missing the second X chromo-
some in at least some of their cells. This condition occurs once in
5000 livebirths and does not occur more frequently in the offspring
of older mothers; the recurrence risk is negligible. Klinefelter’s syn-
drome occurs in newborn surveys in about 1 in 500 males. This term
is used to refer to males who have at least one extra X in at least some
of their cells. The classic case has an XXY constitution, but there are
other variants. The more Xs present, the more likely are mental retar-
dation and additional physical stigmata. If Klinefelter’s syndrome is
not detected during childhood, afflicted males may learn that they
have the syndrome when they attend an infertility clinic as an adult.
The XYY syndrome probably occurs about 1 in 500 males. This
condition was sensationalized in the lay press for a time because of a
theory that the extra Y made these males taller, aggressive, and anti-
social. A study in the Danish population of army inductees* with this
condition showed that crimes of violence against another person were
not higher, although the total rate of criminal convictions was greater.
The intelligence and educational level of XYY individuals was lower
than control subjects, and it is possible that they may not commit crimes
more often but get caught more often. The triple X female has been
given the misnomer “superfemale” by some; however, retardation and
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infertility are increased in these women, although most are probably
never diagnosed. If the diagnosis is made, prenatal diagnosis should
be offered, since they are at increased risk for bearing XXY and XXX
offspring.

Autosomal Dominant Disorders

This is the first of four categories that fall into the “single gene” or
Mendelian disorder group. It is important to understand the mechanism
of their transmission, so that opportunities for prevention can be incor-
porated into planning and that the differing impact of preventive pro-
grams on the future frequency of these disorders be understood. In total,
by 1997, over 5000 Mendelian disorders had been documented, with
another 3000 conditions thought to be in this category. Most of the
identified loci (4917) were on autosomes with less than 300 being X
linked.* Although individually each is uncommon, there are so many
that they have in toto a substantial impact on the health-care system.

If an allele is always expressed, whether that person is homozy-
gous or heterozygous at that locus, it is said to be dominantly inher-
ited. If a gene is expressed in the phenotype only when it is homozy-
gous, that trait is said to be recessively inherited. This distinction
between dominant and recessive inheritance is an operational one for
convenience in many ways. As better techniques are found, more
recessive genes in the heterozygote can be detected. Thus, the line
between dominance and recessiveness is an artificial, albeit useful,
concept in practice.

What sorts of disease are inherited in an autosomal dominant
fashion? Included in this category are such entities as Huntington’s
disease, neurofibromatosis, achondroplasia, tuberous sclerosis, and
Marfan syndrome. If the affected person reproduces, the abnormal
gene will be passed on average to half his or her children, who will
also be affected. If a person does not receive the gene, then that
branch of the family is “in the clear” from then on. Dominant disor-
ders can change frequency rapidly in the population with interven-
tion, making genetic diagnosis and counseling crucial.

Variable expressivity must also be considered before counseling
is given. Each dominantly inherited disorder has a recognized profile;
one disorder may have a very narrow range clinically with little vari-
ation in expression, whereas another may typically differ between
persons even within a family. If an individual has the gene for a dis-
order where variable expressivity is not a feature, it is safe to reassure
the apparently normal sibling that his or her children will not be at
increased risk. However, for dominant disorders where there is great
variation in severity, such as osteogenesis imperfecta, this reassur-
ance must be tempered with caution. If a couple asks advice about
risk for children when this disorder is segregating in their family, a
detailed and sophisticated examination is indicated.

Another recently identified factor is imprinting, which is
imposed on the genetic information during gametogenesis.*’->° This
imprinting persists in a stable fashion throughout DNA replication
and cell division in an individual, to be erased in the germ line and
then be differentially established once more in the sperm (or egg)
genomes of that individual. It has the consequence that expression of
a given disease gene can depend on whether it is inherited from the
mother or the father. Other factors to consider are reduced penetrance
(where some individuals with the gene will show no clinical effect)
and variation in age of onset. All genetic disease is not congenital.
Many genetic disorders do not become clinically evident until adult-
hood or midlife. Genetic heterogeneity is a common phenomenon
that must be taken into account, not just for dominant disorders but
for all categories of genetic disease. A genetic disorder that appears
to be the same in different families may in fact be due to different
lesions in the same gene or to a different mutation at another locus
that affects the same pathway, and therefore, leads to a similar clini-
cal endpoint. When a case is sporadic and no other individual in the
family is affected, the clinical endpoint observed may have been
reached by other means than a single gene mechanism, such as an
environmental insult in development.

Autosomal Recessive Disorders

Most recessive disorders are individually rare, each with a birth
prevalence of 1 in 15,000 to 100,000. However, since there are so
many, they have a considerable impact, with more than 1 in 500 live-
born individuals being identified as having one of these disorders
before age 25 years. They often have their onset in early life, and there
are population screening programs at birth for several of them, based
on biochemical testing. Rapid advances in DNA technology will
make it possible to offer population screening programs in a public
health context for some of these disorders. Examples include
phenylketonuria (which results in retardation and seizures, but can be
treated by diet) and a whole host of other metabolic disorders all
detectable by a single methodology called tandem mass spectrometry
(ms/ms), adenosine deaminase deficiency (which results in severe
immune deficiency and early death), and cystic fibrosis, which is one
of the most common recessive disorders in white populations
(approximately 1 in 22 people carry this gene).

Since genes segregate in families, the rarer the particular reces-
sive allele for a disorder, the more likely that consanguinity is
observed in the parents of an affected child case or that the individ-
ual will be born into a religious or geographical isolate. An allele for
a particular recessive disorder may be so common in some subgroups
that an appreciably increased risk of affected offspring occurs. It is
therefore desirable to offer carrier or prenatal testing to these groups
(e.g., Tay-Sachs disease in Ashkenazi Jews; thalassemia testing for
populations of Mediterranean or Asian descent). For disorders with a
very high carrier rate in the population (such as hemochromatosis,
which has a carrier rate of about 1 in 10 people),’! cases may appear
in succeeding generations, a feature not usually observed for reces-
sive disorders.

Just as with dominant disorders, genetic heterogeneity may
occur. For example, a couple, both deaf because of being homozy-
gous for a recessive gene that causes hearing loss may have normal
children if the genetic lesion in one parent is not allelic to that in the
other. There is also variability seen in recessive disorders, just as in
dominantly inherited disorders. This may be because of molecular
heterogeneity—that is, the lesion in the gene is different on the two
chromosomes—or because the recessive genes act on different back-
grounds of other genes.

In an increasing number of recessive disorders, prenatal detec-
tion is now possible. Unfortunately, a particular couple usually does
not realize the need for prenatal detection until they have had one
affected child; however, they may wish to have the opportunity to
avoid having another affected child. In some disorders that cause
severe shortness of stature or particular morphological abnormalities,
x-ray or ultrasound studies may be diagnostic. In others with a known
biochemical defect, enzyme activity or other metabolites can be mea-
sured either directly in the amniotic fluid or in cultured fetal cells. In
yet others, DNA diagnosis is possible. An enzyme deficiency has
already been demonstrated in about a third of the known recessive
disorders in humans.? Two alternatives that should be mentioned to
couples who do not wish to take the one in four risk of an affected
child and for whom prenatal diagnosis is not possible are adoption
and gamete donation.

X-linked Recessive Disorders

Some examples of X-linked single-gene disorders are hemophilia and
Duchenne’s muscular dystrophy. In X-linked recessive disorders, the
problem gene is located on the X chromosome. Since females have
two Xs, if one is normal, that female will be healthy. Since males only
have one X, if this has the X-linked disease gene, the male will be
affected. In these families, therefore, females may be healthy, unaf-
fected carriers of the gene, but half of their sons will have the disease.
Carrier detection tests for the female relatives of male patients are
very important in giving them the option to avoid having affected
sons, and prenatal diagnosis is becoming available for an increasing
number.
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X-linked Dominant Disorders

There are fewer disorders in this category, with some examples being
familial (XL) hypophosphatemia with rickets, and Alport’s syndrome
(hereditary nephropathy and deafness). X-linked dominant disorders
occur in females as well as in males, and an affected female transmits
the gene to half her daughters and half her sons, whereas an affected
male transmits it only to his daughters, all of whom will have the
gene. There is no male-to-male transmission.

Mitochondrial Disorders

The mitochondria in human cells have circular chromosomes that
contain genes that code for proteins involved in oxidative phospho-
rylation, providing the cell with energy. Since the mitochondria are
cytoplasmic organelles, these are always inherited from the mother.
A characteristic of cytoplasmic inheritance is that segregation ratios
characteristic of Mendelian disorders are not observed, but many off-
spring in the maternal line are affected. By 1997, 37 mitochondrial
loci had been identified.*® Some clinical entities identified with mito-
chondrial mutations are Leber’s optic atrophy, infantile bilateral stri-
atal neurosis, and Kearns-Sayre syndrome. The situation is complex
in that a wide range of abnormality is possible, depending on the
numbers of abnormal mitochondria included in the egg and the dif-
ferential multiplication of these organelles in different tissues.’> They
may explain some errors of development and congenital malforma-
tions, as well as later-onset disorders.>?

Multifactorial Disorders

In this group, interactions between environmental factors and the genes
of an individual cause disease in ways only partly understood. Some
examples are common congenital malformations, such as neural tube
defects (spina bifida and anencephaly), congenital dislocated hips, and
some adult-onset disorders such as atherosclerosis, hypertension,
schizophrenia, and some cancers. It is likely that most chronic dis-
eases of adult onset with a major impact on health care and social sys-
tems fall into this group. This is by far the largest category of disease
where genetics plays a role; it appears that even by age 25 at least 1
in 20 individuals in the population is affected by multifactorial disor-
ders; over a lifetime, probably a much greater number are affected.*
The situation is not simple, and at the population level a given disease
category is likely to consist of individuals who have reached that end-
point by a variety of genetic “routes,” some interacting with environ-
mental factors.

It is likely that many individuals with a common disease such as
Alzheimer’s disease, atherosclerosis, manic depression, or diabetes have
a gene that determines whether external influences will result in illness.
In the future, the use of DNA markers may give the opportunity to pre-
vent expression of the disease. For example, 1-2% of the population has
a single gene type of hyperlipidemia. These individuals constitute over
a quarter of individuals with heart attack at less than 60 years.*® Such
individuals may avoid this by early detection, followed by diet and med-
ication. Since genes underlying predisposition to these “multifactorial”
conditions cluster in families, there is an opportunity to identify and pull
out of the larger group subsets of individuals (and members of their fam-
ilies) who are identifiable as being at increased risk.

» THE HUMAN GENE MAP AND GENE SEQUENCING

A detailed knowledge of the structures of genes would open the door
to diagnosis and treatment of human genetic disease. A collaborative
project—the Human Genome Project'>—to obtain such knowledge
for all human genes, by determining the sequence of the DNA in all
23 different human chromosomes, has been undertaken by human
and molecular geneticists worldwide.

Several remarkable technological developments have made it
possible to determine the human sequence and to “map” the location

of any gene. The first is molecular cloning, the insertion of a stretch
of DNA of interest from one source into another DNA molecule that
can reproduce itself independently in special strains of laboratory
bacteria. This allows the collection of purified DNA molecules in
very large amounts that could not be obtained from their original
sources. Another is DNA sequencing, the ability to determine the
order of the bases for any stretch of DNA that has been cloned, and
automation of that sequencing.

Several complementary and useful approaches to developing the
human gene map include somatic cell hybridization, in situ hybridiza-
tion, cell sorting, deletion and duplication mapping, linkage develop-
ment of yeast artificial chromosomes, and sequence scanning.'> These
methods are even more powerful and informative when used in a
complementary way.

> EVIDENCE FOR CLUSTERING IN FAMILIES

Obviously, if a disease is common, it may occur in more than one
member of a family simply by chance. Several features, if present,
provide evidence that the familial clustering is nonrandom:

1. Healthy individuals who have a family history of the disor-
der when followed over time develop that condition more
often than other comparable individuals without any family
history.

2. The relatives of afflicted individuals have a greater frequency
of the disorder than comparable control subjects.

3. Therelatives of afflicted individuals have a greater frequency
of the disorder than is found in the general population.

4. If the trait can be quantitatively measured (e.g., blood pres-
sure), there is a positive correlation between pairs of related
individuals.

It is essential that the endpoint or disease being evaluated for
familial clustering is as homogeneous as possible. If the disease being
evaluated is actually a clinical picture that can be reached in several
different ways (some with a genetic determinant, others where an
environmental factor is the main determinant), then a very confused
picture may result, with some studies finding familial clustering and
others not.

There are many common diseases in adults that by the forego-
ing criteria have been shown to aggregate in families. For example,
coronary heart disease shows familial clustering even after all known
risk factors have been adjusted for (e.g., smoking, weight, serum lipids,
blood pressure, diabetes, behavior pattern). There is also evidence for
familial clustering of each of these risk factors.* Several birth
defects, neurological and behavioral disorders, and cancers also clus-
ter in families by the usual criteria. Identification of this clustering is
the first step in untangling the complex web to elucidate the genetic
components that determine a disease. Clustering in families may be
due not to sharing of genes but to sharing of a common environment
or cultural transmission of disease determinants. Even showing that
the correlation in the disease frequency is greater the closer the
genetic relationship is not sufficient, since shared environmental and
cultural factors may also increase as the relationship gets closer.

Methods to Elucidate Cause of Familial Clustering

Usually several methods are used because they are complementary.

Twin Studies

Monozygotic (MZ) twins are genetically identical; they result from
the splitting of one fertilized ovum. Dizygotic (DZ) twins are only as
genetically alike as any two siblings. This allows comparison of
genetically identical and genetically different individuals who are
usually raised in a similar environment. It therefore makes possible
an estimation of the degree of genetic influence on the disease. It is
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also possible to look at identical twins reared apart and together to
help estimate the effect of environmental factors.

If a disease were completely determined by gene(s), then the con-
cordance rate in MZ twins should be 100% and the concordance in DZ
twins should be the same as in the other siblings of a proband. Studies
in MZ and DZ twins for many common adult disorders show much
higher concordance in MZ than in DZ pairs. This is true for schizo-
phrenia, multiple sclerosis, alcoholism, affective disorders, epilepsy,
the neuroses, non—insulin-dependent diabetes mellitus, and allergies,
clearly demonstrating a genetic contribution. However, the concor-
dance rate in these studies in MZ twins is less than 100%, demonstrat-
ing that an environmental component is also present. Interestingly, the
concordance rate for DZ twins in these studies is often greater than that
shown between twin probands and their other siblings, which could
reflect a greater similarity in environment of DZ twins compared with
other siblings or could reflect some selection bias.

Heritability Studies

Heritability (h?) in the narrow sense is defined as the contribution of
additive genes to the phenotype of interest. It will be the proportion
of variance in a population for the trait contributed by additive genes
(V) compared with the total population variance for the phenotype
(V)

W =VyV,

In genetic aspects of human disease this definition of heritabil-
ity is usually broadened to

h?=VG/V,

where VG refers to the total genotypic variance including nonaddi-
tive interactions, such as dominance or epistasis, between genes.
(Epistasis is the synergistic effect of genes at different loci.) Esti-
mates of heritability of a trait relate to the particular conditions under
which it is measured. For example, if the environment changes, it is
no longer valid. Estimates of heritability have been made for many
quantitative human traits. They should be interpreted only as indica-
tors of whether the role of genes is relatively large or small in the pop-
ulation and of the circumstances in which the condition is measured.>

Analysis of Familial Common Environmental Exposures
Familial clustering may be due to clustering of culturally transmitted
behaviors or family practices that result in particular exposures (e.g.,
dietary or smoking habits).’® Kuru, for example, was a disease
thought to be genetic but in reality is due to an infection perpetuated
by ritual cannibalism. It is likely that diseases such as lung cancer or
alcoholism involve cultural inheritance of exposure behavior as well
as genetically inherited determinants.

Associations Between Genotype and Susceptibility
Humans differ in an identifiable way in their human leukocyte anti-
gen (HLA) system and their ABO blood group systems, thus allow-
ing evaluation of existing genotypes in these systems. Different geno-
types within these systems are associated with the occurrence of any
one of a variety of diseases. Increasingly, recombinant DNA poly-
morphisms will be evaluated and correlated with a variety of disease
outcomes in the same way. There are now a number of well-docu-
mented examples where having a particular identifiable genotype is
associated with disease susceptibility (or resistance).

Methods for Determining Mode of Inheritance

Most common diseases that cluster in families do not show simple
Mendelian inheritance, since they result from an interaction of both
genes and environmental factors. A number of methods elucidate the
mode of inheritance of the genetic susceptibility.

Muiltifactorial Model Analysis

The genetic component to determination of a disease with a multi-
factorial etiology could be equal to additive effects of many genes or
a few or one gene of large effect. Either model explains why individ-
uals could be put over a threshold in the continuum of liability and
thus show disease.

The introduction of methods to detect single genes (HLA typ-
ing, DNA polymorphisms, sophisticated statistical pedigree analysis)
has, in recent years, shown that it is likely that one or a very few genes
of major effect are involved in the multifactorial pathway.>’ This find-
ing is relevant to diabetes mellitus, rheumatoid arthritis, and some
hyperlipidemias. Increasingly there will be opportunities to identify
predisposed individuals, and the study of families (particularly those
of early-onset cases) may give the opportunity to target clusters of
higher risk individuals. The model where many genes of small effect
are relevant (polygenic) may apply to pyloric stenosis.

Segregation Analysis

If a single gene has a major effect on disease susceptibility, it is essen-
tial to clarify how it is inherited—autosomal dominant, autosomal
recessive, or X-linked. These alternative modes of inheritance give
different disease risks for different classes of relatives (e.g., 50% of
children are affected if dominant, compared with a low risk for the
children of an individual with a recessive disorder). By comparing the
observed disease incidence in each class with that expected based on
alternative genetic models, it is possible to see how well these agree.

Analysis of Maternal Effects

As discussed previously, the DNA of the mitochondria is inherited
only from the mother. This means that diseases that appear to affect
both males and females but are transmitted only by the mother are
candidates for this mechanism of inheritance,”> and data may be ana-
lyzed with this hypothesis in mind.

Linkage Analysis

If segregation analysis shows that inheritance of a single gene may be
responsible for disease susceptibility, it is possible to look at whether
a wide variety of genetic markers (including DNA polymorphisms)
segregate along with the disease susceptibility. Already this approach
has indicated that a dominant susceptibility allele may exist in link-
age to particular DNA markers in certain families for Alzheimer’s
disease,’® manic depression,” and breast cancer.®'

Sibling Pair Methods

These are particularly relevant where data on genetic haplotype (usu-
ally for the HLA region) is available in siblings. On the hypothesis
that there is a disease susceptibility gene close (linked) to the HLA
region, this gene should usually be inherited along with a particular
haplotype. Thus, siblings who share this HLA haplotype are more
likely to have also both inherited the susceptibility allele. This
method evaluates coinheritance of HLA haplotype and disease. Sib-
lings who are both affected with the disease would be expected to
share the same haplotype more often. With sufficient data on affected
sibling pairs, it is possible to evaluate the mode of inheritance of the
disease-predisposing allele.®?

Particular genes occur in higher frequency in a number of sub-
groups. One such gene is that for Tay-Sachs disease in Ashkenazi
Jews. Between 1970 and 1980, over 300,000 Jewish adults were vol-
untarily screened.® Screening for carrier detection for cystic fibrosis,
now that the gene has been located,* is likely to develop rapidly. This
disorder is common (1 in 2000 to 2500 births) in individuals of north-
ern European extraction. Thalassemia screening is offered to people
from southeast Asia and China, since the frequency of this gene is sim-
ilar to that of the cystic fibrosis gene in northern Europeans. Popula-
tions of Mediterranean origin may be screened for beta-thalassemia.®
Congenital hypothyroidism, though in most cases not genetic in
nature, can vary from 1:1900 in Hispanics to 1:10,000 in African
Americans, and is twice as frequent in females as males.%¢7
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Genetic methods are increasingly allowing us to identify genet-
ically susceptible individuals. Tools from classic epidemiology can
then be profitably used to compare environmental factors in affected
and unaffected genetically susceptible individuals. Conversely, the
other approach to disentangling the interaction is first to identify those
individuals who have the environmental factor present and then com-
pare the unaffected and affected in that group, looking for particular
genetic subgroups. The new molecular genetic techniques now allow
particular DNA sequences to be evaluated in patients and in control
subjects and hold out the hope of more fruitful progress.

> SCREENING

Letus now return to the field of public health genetics. Genetic screen-
ing may serve several objectives. A program may exist to identify indi-
viduals with a particular genotype so they may receive an intervention
or treatment. Newborn screening programs are of this category. A
program may exist to identify individuals who are at risk of having
children affected by a genetic disease. Examples of such programs are
Tay-Sachs screening in Ashkenazi Jews and amniocentesis for pre-
natal karyotyping in women over 35 years of age. Or, in some cases,
public health provides a universally available prenatal screening pro-
gram that is performed routinely, and assigns a risk for certain chro-
mosomal abnormalities such as Down syndrome, and neural tube
defects, such as spina bifida or anencephaly. A screening program
may also exist to gather needed epidemiological information. Use-
ful reviews of this topic are contained in a report of a Workshop on
Population Screening® and a report of the Office of Technology
Assessment.®

Newborn Screening Programs

Newborn screening exists in all 50 states and most countries world-
wide. It is probably the best example of a public health genetics pro-
gram, and provides the only real example of population-based screen-
ing. Virtually all newborn screening programs are both mandatory
and universal (not targeted to certain groups). What was once screen-
ing for phenylketonuria and congenital hypothyroidism has grown
rapidly in recent years to include as many as 75 disorders, including
over 30 metabolic diseases detectable by one test. Newborn screen-
ing uses a small dried blood spot obtained by heel stick of the new-
born at a few days of age. Many of these programs are mandated by
law, and appropriate resources must be provided to ensure that follow-
up study and counseling are available as necessary and also to ensure
laboratory quality and accuracy.”® An abnormal screening test is not
diagnostic but is the signal for rapid and appropriate medical and bio-
chemical evaluation as well as parental counseling.

The expansion from a few isolated disorders in the 1960s and
1970s took a quantum leap with the addition of screening for sickle
cell disease in the 1980s, in a variety of ways. First, although the addi-
tion was facilitated by research indicating daily oral penicillin could
prevent most of the deaths due to infection, which was most often the
cause of death in young children, it was the first time a newborn
screening did not completely fit with all the cardinal rules of newborn
screening: most importantly, the treatment was not a “magic bullet”
such as a dietary treatment or a daily dose of thyroxine. The preven-
tion was more subtle, because it couldn’t prevent many of the symp-
toms of sickle cell disease. It did, however, reduce the number of
deaths.”! It was also a leap because some of the screening method-
ologies, particularly high pressure liquid chromatography (HPLC),
detected many more types of hemoglobinopathy variants such as Hb
C, D, and E, and some types of thalassemia. So, although sickle cell
disease was the impetus, programs were in a sense obligated to
include several more hemoglobin disorders in the newborn screening
results, because the information was presented to them in the testing,
and it was not considered ethical not to inform. Sickle cell disease
also introduced the concept of carrier status and counseling for the
first time. Again because of the nature of the test, carriers of the Hb

S trait who did not have the disease, were detected. It is important to
provide adequate counseling, not only for the newborn’s information,
but because it could indicated that the parents might be at risk for hav-
ing a child with disease in a subsequent pregnancy. Therefore parent
testing was included in many states.

The most recent technological change is the addition of tandem
mass spectrometry. This methodology can detect over 30 different
metabolic disorders by a single test. Like sickle cell disease, many of
these disorders were not good candidates for screening because there
was not a good treatment available, or they were very rare. But because
the methodology provided the information, programs were obligated to
report the results. This quandary has actually led to some important
benefits to be discussed in the following section.

Benefits of Newborn Screening in the Public

Health Sector

The problems and controversies posed by the increase in disorders
screened as a result of new technology, ironically, has led to some
important benefits beyond the normal prevention of serious health
consequences. First, because children are now being screened for
very rare disorders of unknown or not well-known etiologies, it is
contributing to the knowledge of these disorders. With universal
screening in such large numbers, researchers and specialists will now
have much better ideas of the prevalence rate of these disorders. Also,
identifying them at birth before the serious clinical consequences
have occurred provides at least the possibility of developing new
interventions even in diseases thought not to be treatable. At the very
least, it gets them into medical care at the very beginning. A good
example of how this concept has evolved is the example of cystic
fibrosis. This very common genetic disorder was never a candidate
for newborn screening because it was felt that the outcome could not
be prevented by early detection. But after important research at the
University of Wisconsin and the Wisconsin Department of Health
was conducted, it was found that indeed there were significant advan-
tages of early detection. Growth rates could be normalized for exam-
ple, and possibly even deaths are prevented. As a result of this and
continuing research, cystic fibrosis is now part of the newborn screen-
ing program in 12 states, with more being added each year. Another
advantage is that early detection, even when there is not the “magic
bullet,” can prevent the nightmare to parents known as the diagnos-
tic odyssey. Many children with cystic fibrosis, as well as many other
rare metabolic disorders, have gone for months or even years of
severe symptoms and incorrect diagnoses until the correct one was
found. This is all avoided with newborn screening.

Disadvantages of Newborn Screening

Few people today describe serious disadvantages of newborn screen-
ing when compared to the benefits, but they exist. Again we turn to
the example of cystic fibrosis. Since the testing methodology is usu-
ally mutation analysis, not all cases will be detected because of rare
mutations. Conversely, because of newborn screening and the initial
protein screen, cases of cystic fibrosis with benign or partially benign
mutations will be detected. This may cause a great deal of anxiety for
the patient, family, and health-care professionals. Attempts are now
being made to limit the types of mutations screened, so that nonclin-
ical cases are not detected in newborn screening.

> PRENATAL DIAGNOSIS

Prenatal diagnostic techniques are used to diagnose genetic disorders
and birth defects that result in marked disability or death early in life.
Although one option that it permits is termination of the affected
fetus, in a few disorders diagnosis permits therapy in utero or special
management during pregnancy and delivery to minimize further dam-
age to a vulnerable infant. For example, for a fetus with methyl-
malonic acidemia, the mother will be given vitamin B ,; for a galac-
tosemic infant, the mother may receive a low-galactose diet.
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Furthermore, chromosomal anomalies such as Down syndrome often
involve significant health issues such as heart defects, and the out-
come is much better when health-care professionals and parents are
expecting the result at birth and can be ready for treatment.

There are a number of indications for prenatal diagnosis. Some-
times the test that is done prenatally is targeted specifically to the indi-
cation for prenatal testing. For example, a mother with a previous
child with Tay-Sachs disease will have hexosaminidase A measured
in the amniotic fluid sample, whereas a woman who is at risk because
of increased age will have chromosome analysis of the fetal cells
obtained at sampling. The following is a breakdown of indications for
prenatal testing on an individual basis.

Increased Maternal Age

As maternal age increases, so does the risk of Down syndrome,’ and
this is also true for the other trisomies. For this reason, many juris-
dictions offer prenatal diagnosis to pregnant women 35 years and
over. Such testing can decrease the birth incidence of Down syn-
drome by approximately 25% in most North American populations.”

Neural Tube Defects

These birth defects, anencephaly and spina bifida, are relatively
common, occurring in approximately 1 in 700 births in many North
American populations.’ Once a couple has had an affected child, the
recurrence risk in subsequent pregnancies is about 2%.7 Other close
relatives may be at increased risk.”

Family History of Specific Disorders

A previous child may have had a Mendelian disorder, chromosome
anomaly, or birth defect. Also, the family history may indicate that
the woman may be a carrier for an X-linked disorder. If a test is avail-
able (biochemical, cytogenetic, or DNA) or it is possible to evaluate
for abnormal morphological findings (e.g., short limbs), then this test-
ing is offered. For example, maternal exposure to a known teratogen
(e.g., valproic acid) or a maternal disorder (diabetes mellitus) may
justify offering prenatal diagnosis in some cases.

Public Health-Based Prenatal Screening

Because some disorders are common and inexpensive to test for once
a sample is obtained, they are done on any pregnant woman who is
already being subject to sampling, whether or not they have an indi-
cation for prenatal testing or a family history. This had led to public
health-based prenatal screening programs. In California and Iowa, all
pregnant women are given the option of a prenatal screening test
called the triple marker or quadrupele marker test. This screening test
on the mother’s serum can detect increased risk for Down syndrome,
trisomy 18, and several types of neural tube defects. Many women
choose to have this test even though there is a significant risk of a
false positive or false negative, because they would rather base a deci-
sion on a risk from an easy test than have an invasive procedure such
as amniocentesis, which in rare instances cause a spontaneous termi-
nation. The screening and follow-up data collection on such a large
number of women in a very representative population (75% of
women elect to have the test) has, like newborn screening, led to a
wealth of knowledge on prevalence rates, pregnancy success rates,
and outcomes of pregnancy. The California Program, in cooperation
with the California Birth Defects Monitoring Program, another Pub-
lic Health Agency involved with genetics, has resulted in a great deal
of published research on neural tube defects and Down syndrome.

» GENETIC SERVICES

Genetic services, both diagnosis and counseling, are offered only to
those who have been identified as in need, by their physicians or by
themselves. There are two main avenues for service receipt: by hav-
ing had an individual in the family with a genetic disorder or being
identified as “at risk” by a population screening program.

Genetic service programs usually have arisen in association with
a university or teaching hospital, fostering a research-service interac-
tion. All provinces and states have at least one center, often many.
However, the availability and expertise differs from one region to
another. There is a useful directory of such programs published by the
March of Dimes Birth Defects Foundation.” Many university centers
also have associated training programs.®

The process of genetic consultation and counseling is complex
and time consuming and has not yet been well integrated into the clin-
ical practice of medicine. Funding mechanisms for provision of this
service are not satisfactory in many jurisdictions and differ from place
to place, having grown in an “ad hoc” fashion. If the rapidly escalat-
ing new insights into human diseases being made in genetics are to
be brought to practical use, we will need a cadre of trained individu-
als to deliver these services in the coming decades. Already it is not
possible to offer on a population level many beneficial genetic pro-
grams (e.g., DNA diagnosis for a variety of Mendelian disorders)."”

An important principle in genetic medicine is the need for diag-
nostic accuracy and precision. Genetic heterogeneity is a complicat-
ing issue in many disorders. Accuracy of diagnosis may be especially
difficult to achieve in the sporadic case, when the possibilities of new
dominant mutations or phenocopies exist, or more commonly, when
rare mutations are not clearly visible by testing. Paternity is an issue
that must be borne in mind, since in a significant proportion of cases
(which will differ with the particular population) the husband cannot
be assumed to be the father. This needs sensitive and empathetic han-
dling. If the genetic mechanism leading to the particular condition
diagnosed is known, it is possible to quantitate risk precisely for dif-
ferent relatives. If the genetic mechanism is not clear, as is the case
for many “multifactorial” conditions (e.g., congenital malformations,
mental retardation, schizophrenia), then if a thorough evaluation of
the family history, pregnancy history, medical history, and physical
findings reveals no specific etiology, empirical risk figures can be
given regarding recurrence risk. These should be employed with cau-
tion, and communication of their meaning and limitations is not a
simple process.

> OPPORTUNITY AND DANGER: SOME SOCIAL
AND ETHICAL IMPLICATIONS

We have known for a long time that many common diseases are
familial, but the genetic aspects have been ill-defined. It is clear that
most common diseases are genetically heterogeneous, but suscepti-
bility is due to major genes in many cases. Genotypes relatively
unusual in the population may come to make up a large proportion of
those with common diseases. Individuals at risk may soon be identi-
fied by DNA testing for intervention, and there may be ample time to
intervene. For example, the immunological process in diabetes can
precede onset of symptoms by many years; carcinogenesis also takes
many years. The phenotype of disease, what we observe clinically, is
somewhat removed from the primary action of the particular gene.
This means that there may be considerable modulation possible.
Rather than ignore the internal genetic component of disease causa-
tion, we should evaluate the genetic input and then attempt to tailor
preventive or therapeutic programs to take it into account. If the new
molecular genetic capability is incorporated into health care planning,
it could allow public health to enter a new era of prevention. Through
this new technology, rather than exposing the whole population to the
same preventive medical programs, they could be directed to those
individuals at risk, with relevant health messages focused to particu-
lar individuals.

The path to planning how the new capabilities in genetic risk iden-
tification might best be used in prevention and treatment is not simple.
Although it has the potential to better the human condition, it is essen-
tial that enthusiasm for this approach be tempered with the realization
that it is possible to cause great harm because we have not carefully
weighed the pitfalls, ramifications, and dangers of this approach.t+¢
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Well-designed research projects should be undertaken before there is
any implementation at the population level.” These should address
aspects such as psychological and family impact, confidentiality,
long-term outcome, compliance, safety, cost benefits, and appropri-
ate laboratory quality control procedures. It is also important that
genetic risk identification not be offered before the personnel and
facilities to provide appropriate counseling and follow-up study are
identified and funded.

The new capabilities raise many questions that will require
scrutiny, relating, for example, to ownership of the information on
genetic makeup.” With regard to confidentiality, policies and proce-
dures must be put in place on who should have access to genetic test
results so that the values of personal privacy and autonomy are
respected. There may be potential situations where the public good may
override the value of personal confidentiality, but these must be thor-
oughly considered before inclusion in policy.

As we become capable of identifying individuals in whom the dis-
ease outcome is less clear because of unpredictable gene-environment
interactions, we may need guidelines to evaluate whether such pro-
grams should be offered. We might cause harm by identifying indi-
viduals as having a genetic vulnerability. Much of illness is percep-
tion and attitude, and it is important to avoid harm by causing
identified individuals to view themselves as ill. In addition to strin-
gent guidelines regarding data confidentiality, policies to avoid pos-
sible discrimination against identified individuals are also needed.

All of us are genetically unique, and all of us have weaknesses
and strengths. This realization has the potential to break down the cur-
rent generally held perception of the distinction between the majority
“normal” population and the small minority with “genetic diseases.”
A better perception—that everyone is vulnerable in his or her own
way—would weaken or remove any basis for stigmatization of those
with “genetic diseases.” However, genetic identification could also be
negative if it created a population each of whose members was aware
of and continuously concerned about a particular genetic predisposi-
tion and the likelihood of becoming ill. In the case of newborn screen-
ing, however, these issues are generally outweighed by the benefit of
early detection and prevention of serious birth defects, mental retar-
dation, and death.

Some specific issues of legal and social consequence raised by
DNA testing are discussed below. DNA testing can identify each
individual (except for identical twins) uniquely. It can also be used to
identify genetic relationships with unprecedented accuracy. These
new abilities raise issues in several areas.

Paternity

The paternity tests that were previously available could disprove
paternity when a child had a genetic factor that wasn’t present either
in the mother or in the putative father. It could not usually prove that
a particular man was the father. The new DNA testing can achieve
levels of probability that establish beyond any reasonable doubt (1 in
100 million) the real father, if the tests are of high quality. This has
been accepted as evidence in a number of courts. At the same time, it
means that quality control of laboratory tests and procedures to
safeguard against human error, such as mislabeled samples, are also
necessary.

Workplace Testing

DNA testing can also be used to identify persons at risk in situations
where costs may be incurred, for example, by an employer or an
insurance carrier. DNA testing could show predisposition to cancer,
emphysema, hemolysis, ischemic artery disease, hypertension, and so
on with implications for both the employer’s cost and the insurance
carrier’s profits. For many U.S. companies, offering health benefits
adds substantially to the costs of production, and this added cost is
becoming important in an increasingly competitive global market.
Employers may, therefore, wish to screen potential employees so that
their medical and life insurance plan costs will be lower. Appropriate
safeguards against discrimination and misuse must be put in place.

Insurance

Laws may be needed to address how the new genetic knowledge
should be limited in its application by the insurance industry as well
as by employers. Guidelines or legislation may be required for med-
ical and life insurance companies concerning genetic testing before
coverage. It is possible that insurance companies could require test-
ing before coverage and then charge higher premiums or refuse cov-
erage to those at higher risk because of their genotype. Because the
principle of insurance is to spread risk over many individuals, it
seems unjust to disadvantage individuals who through no fault of
their own are likely to become ill. Legislation to ban insurance dis-
crimination based on genetic status was recently passed overwhelm-
ingly in the U.S. Senate, but has languished in the Republican-led
House of Representatives for reasons that are not clear. This is not as
dramatic a problem in Canada, which has a universal health-care sys-
tem, but it could be a very important problem in the United States. If
the U.S. insurance industry is not regulated in this regard in some
way, it may be necessary for government to set aside funding for
health care of such noninsurable individuals.

> SUMMARY AND CONCLUSIONS

It is evident that the role of genetics in society and public health is
growing as fast as the new genetic discoveries. New DNA technol-
ogy will affect many areas of our society and will pose often difficult
choices. It presents an opportunity and a useful tool if it is used wisely
and humanely, but it is also a danger if the implications for social jus-
tice of its use are not thought through. Screening programs, in partic-
ular, if applied prematurely may cause harm and waste resources.
However, if done well and with fully informed communication, they
could decrease disease and better the human condition. The new
DNA technology opens up questions that have wide-ranging social,
ethical, and legal ramifications. Our new abilities with the technol-
ogy often highlight the difficulty of balancing the individual’s and
the group’s rights.”*7> These issues require ongoing discussion by
scientists, public health practitioners, lawyers, politicians, and the
public.”87
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Overview

Richard P. Wenzel

The most important function of public health in its broadest sense is
to seek an optimal harmony between groups of people in society and
their environment. This goal can be achieved in three ways: (a) by
methods to improve host resistance of populations to environmental
hazards; (b) by effective plans to improve the safety of the environ-
ment; and (¢) by improving health-care systems designed to increase
the likelihood, efficiency, and effectiveness of the first two goals.
With respect to infectious diseases there are special elements within
each of the three categories (Table 8-1). One might then view com-
municable diseases as an imbalance in the relationship of people and
their environment which favors microbial dominance in populations.

It is argued that improved host resistance is the purview of clin-
ical medicine and that both environmental safety and public health
systems are public health efforts. However, improved resistance in
populations cannot be divorced from necessary educational and effec-
tive health delivery systems. For that reason it may be considered an
essential component of public health. In this schema of public health,
the infectious agent is considered not as a separate focus but as one
important component of the environment. This organization is
designed to integrate the schema with a concept of health, and of pub-
lic health in particular. The implication is that the organism is a nec-
essary but not sufficient cause of ill health; it is only one of many risk
factors. Moreover, humans constantly encounter myriads of potential
microbial pathogens, and removing all such organisms is untenable. It
seems more fruitful to develop effective barriers between humans and
problematic environmental microbes or at the very least to create path-
ways for peaceful coexistence. In addition, to many authors it has
seemed that public health has focused excessively on environmental
controls and too little on the health-care system. Yet all of these cate-
gories are interrelated: a change in any aspect of the three areas per-
turbs the entire system and has a direct effect on public health.

With respect to improved host resistance, McKeown! has argued
that improved nutrition, personal hygiene, and public sanitation have
more to do with the control of infectious diseases than vaccines and
health care. There is no question, however, that vaccines and new
antibiotics have greatly reduced morbidity and mortality from infec-
tious diseases.? For example, with respect to smallpox, the vaccine—
in concert with a public health system for identifying and isolating
cases and contacts—was essential for its eradication.?

In the last two decades, it has been proposed that exercise may
improve both mental and physical health*’ and that there may be
important interactions between psychological factors and immunity.°
Furthermore, with the explosion of activities in the field of molecular
biology and the cloning of the human genome,’ it is not far-fetched to
think that within a few decades genetic alteration of cells will enable
us to enhance host resistance to adverse environmental challenges.?

The environment has long been a primary focus of public health,
with efforts to improve the cleanliness of food and water, upgrade

public sanitation, and clean the air of toxic pollutants. Efforts to
remove infectious agents by reducing animal reservoirs and vectors
have been another focus for public health in general and in veterinary
medicine in particular. Recently, many have postulated that adequate
personal space is important for prevention of many urban problems. It
has long been recognized that control of streptococcal infections in the
military could be minimized by increasing space between the bunks of
recruits and that crowding is a major risk factor.” In addition, since
large droplets are known to be important for many viral respiratory
agents,'? it is generally accepted that spatial considerations are impor-
tant for the prevention and control of communicable diseases.

A third method for public health control of infectious diseases
involves the systems approach or management aspects. The social, eco-
nomic, legal, and administrative forces important for health must
operate in the interest of the public. Progress toward such goals must
begin with access not only to health care but also to preventive health
services and to health education. To that end, resources must be made
available and important public health problems given sufficient priority—
usually a political process—to demand necessary resources. Proper man-
agement at federal, state, and local levels needs to be operative for effi-
ciency, effectiveness, and cost-effective delivery of care and education.
Moreover, surveillance needs to be developed and maintained to detect
new problems, new epidemics, and the efficacy of control measures.'!

» MAJOR PROBLEMS

There is always risk in attempting to prioritize the most important
infectious agents, and readers may construct a different list from that
of the author (Table 8-2). Nevertheless, the agents listed are impor-
tant and serve as a focus for discussion of public health issues. An
example of how one might apply the proposed schema to a commu-
nicable disease is discussed below with the example of acquired
immunodeficiency syndrome (AIDS).

There is no question that AIDS—caused by the human immun-
odeficiency viruses 1 and 2 (HIV-1 and HIV-2)—remains the princi-
pal viral problem today. It is a global epidemic that affects the young
in our society—not only as victims but also as orphaned children of
victims. Though therapy is evolving, there is no cure in sight and it
involves the strongest of human emotions. The interaction of host,
virus and the environment is writ large in sub-Saharan Africa and
Asia, where the majority of the 40 million HIV-infected people live."
The poor nutrition in these resource-limited geographic areas has a
huge impact on both morbidity and mortality.

As to a preventive approach, it has been suggested that an effec-
tive global intervention program targeting sexual transmission and
intravenous drug use transmission begun immediately could avert
28 million new HIV infections in the next ten years.'? In the analysis,
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TABLE 8-1. METHODS OF IMPROVED PUBLIC HEALTH
CONTROL OF COMMUNICABLE DISEASES

m /Improved Resistance to Environmental Hazards
Hygiene

Nutrition

Immunity

Antibiotics

Psychological factors

Exercise

Genetic alteration

m /mproved Environmental Safety
Sanitation

Air

Water

Food

Infectious agents

Vectors

Animal reservoirs

m Public Health Systems

Access

Efficiency

Resources

Priorities

Containment

Contact tracing for prophylaxis and therapy

Education

Social forces

Laws

Measurement of problems and of the efficiency and effectiveness
of control

such efforts would affect over 50% of the etiological fraction and cost
$3900 to prevent a new infection.

An approach to control via vaccination is ideal, but so far it has
eluded scientists in the field. Experts who follow the genetic diversity
within strains of HIV viruses report increases over time and space,
with great relevance to vaccine development.'* It has been recognized
furthermore that variations in HIV-1 clades affect both host immune
responses and drug resistance. The point is that an increasing part-
nership of public health and molecular geneticists will be beneficial
and probably essential for disease control. The current lack of under-
standing of the molecular biology of HIV infection and prevention is
highlighted by the fact that only three candidate vaccines have made
it to phase III clinical trials."

With respect to improved environmental safety, the office of the
surgeon general of the United States in 1988 had recommended barrier
protection, that is, safer sexual practices, and the Centers for Disease
Control then recommended universal precautions for health-care work-
ers to minimize transmission in hospitals and clinics.!® However, the use
of condoms—despite their value in preventing infections —has become
a political issue in some countries, and a social issue in still others; both
issues need continual attention with a focus on science in the AIDS era.

From a public health systems point of view, a great deal of
discussion has occurred regarding access to medical care for AIDS
victims, and in December 2005, the UN General Assembly called for

TABLE 8-2. CHIEF INFECTIOUS DISEASES IN THE LATE 2000s

Microbial Class Major Problem Other Major Problems
Virus AIDS Hepatitis C
Influenza
Bacterium Staphylococci — S. pneumoniae
Especially methicillin- S. pyogenes
resistant strains Nosocomial pathogens
Parasite Malaria Leishmania

Onchocerciasis

universal access to antivirals by 2010 .7 This is a timely resolution
since it has recently been shown that providing treatment free of
charge in low income settings was associated with lower mortality.'®
One can apply the proposed paradigm (Table 8-1) to HIV infection
and understand not only the illness but also the disease in populations
as a function of the three components of public health control.

Other illnesses needing special attention in the next decade
(Table 8-2) are discussed elsewhere in this text.

> A NEW ROLE FOR PUBLIC HEALTH

With the spiraling costs of medical care and the corresponding interest
in cost containment and accountability,'? it is reasonable to avoid dupli-
cations. We need a closer link of clinical and public health disciplines
and activities. A recent example of the control of a new epidemic by
the collaborative efforts of the World Health Organization (WHO),
basic scientists and clinicians followed the outbreak of SARS—Severe
Acute Respiratory Syndrome.?? WHO forcefully assumed international
leadership, coordinated scientific investigations, and quickly reported
all new advances from the laboratory and field epidemiological studies
to clinicians. In medical schools it is propitious for these disciplines
jointly to develop curricula and research projects.

In the health service arena, closer ties between clinicians and
public health officials will be efficient and effective for the good of
the population. A special role for public health officials could be to
“translate” important epidemiological data for clinicians giving pri-
mary care. This could be particularly important and useful in enhanc-
ing prevention. Examples of useful data would be the risk ratios for
becoming an alcohol abuser for persons with and without a family
history of abuse; cigarette smoking for the smoker, those nearby,
and the unborn fetus; and for fatal versus nonfatal injury in persons
driving with and without a seat belt. In the field of communicable
diseases it is useful to know the risk of AIDS in those practicing intra-
venous drug abuse or unprotected sexual activities, the relative risk
of Lyme disease in those using effective insect repellents versus those
not using such agents, and the relative risk of hepatitis B in health-
care workers who have received the vaccine and those who have not.
In 2006, a key role for a public health-clinicians partnership is the
continual education of the public about the real risks of avian (H5SN1)
influenza and the progress toward its prevention and control.?!

An epidemiological approach to community-wide education
about local health risks, perhaps with a well-designed periodical,
would further link the clinician and public health official. The Centers
for Disease Control and Prevention (CDC) has done this successfully
with Morbidity and Mortality Weekly Report. A community-wide
modification for consumption by local practitioners would be helpful.
Such networking is feasible and desirable.

Networking with schools, businesses, health clubs, and senior cit-
izen groups might increase compliance with behavior designed to
enhance resistance to environmental hazards. Fundamentals of general
and dental hygiene, nutrition, exercise, and stress control would be
essential components. It would be reasonable to reinforce such basic
principles as maintaining immunizations and proper use of antibiotics.
In summary, we need a proactive and integrative role in education, one
that involves networking with clinicians and the public directly.

Improving environmental safety has been the focus and strength
of public health. Essentially, the goal has been to reduce the microbial
hazards to humans. For the most part, this is carried out by systematic
measurement or a series of inspections of the environment. Good gen-
eral sanitation and safe air, water, and food are hallmarks of public
health. Environmental activist groups have heightened interest in
environmental safety. This is an opportune time to build a coalition
between informed public health officials and interested and energetic
activists genuinely concerned with improving the environment.

From infectious diseases point of view, an important goal would
be to reduce the degree of exposure while preserving the vitality of
the ecosystem. The government of Brazil was reported to have insti-
tuted a $200 million program to control malaria in the Amazon region
by spraying dichlorodiphenyltrichloroethane (DDT) in thousands of



rain forest huts. As McCoy? pointed out, however, the chemical has been
banned in over 40 countries because of its lethal effect on birds and fish.
Moreover, in India, although it had a remarkable short-term effect ini-
tially (75 million annual cases of malaria reduced in the 1950s to 50,000),
the number of cases rose to 65 million by 1976, the result of resistance in
mosquito vectors. Moreover, bottled milk sampled in India in April 1990
had 10 times the permissible limit of DDT. DDT is fat soluble and has
been carried in food chains to countries all over the world.* The lesson
we have learned from the Russian nuclear accident at Chernobyl, the
AIDS epidemic, and the DDT experience and the SARS epidemic is that
radiation, viruses, and pollutants respect no national borders.

The response to such lessons needs to be an enhanced commit-
ment by individuals, communities, and nations to solve the problems
of others and to view the world as a global village. Limiting the sur-
vival of important infection agents, their animal reservoirs, or hosts
requires careful examination of the implications of such approaches
in collaboration with veterinarians, entomologists, and toxicologists.

» PUBLIC HEALTH SYSTEMS

Of the proposed public health systems important for control of com-
municable disease (Table 8-1), containment, contact tracing for pro-
phylaxis and therapy, education, and measurement (surveillance)
have been the mainstay of public health. Public health should become
more involved with the rest as well.

CDC has taken the lead by suggesting an epidemiological
approach to priorities, listing adjusted mortality rates for various con-
ditions and years of productive life lost (YPLL) for leading causes of
death.?? Ideally there would also be separate measures of morbidity
and economic burdens so that in a country with limited resources
leaders of the public health system could make more informed deci-
sions and have the general community “buy into” their decisions.

It would seem prudent and desirable to have public health become
more visible in terms of medical care access and efficiency of care.
Great optimism can be appreciated, however, by the effort of the CDC
to show the real risk of AIDS and the low (but not zero) probability of
incurring an infection while taking care of an AIDS patient. Surely this
contributes to the access of AIDS victims to the health-care system.

With respect to efficiency of care, it has primarily been a
function of the individual physician and more recently of hospitals
interested in cost containment. Such activities are often subsumed
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under the umbrella term “quality assurance.” Accrediting agencies in
the United States such as the Joint Commission for Accreditation of
Healthcare Organizations (JCAHO) also are interested in the effi-
ciency of health-care services. It is not unreasonable to expect that
public health officials, working with hospital epidemiologists and
staff of “managed care” systems, would lend their expertise to this
aspect of quality care of populations.

The legal process is paying attention to epidemiological data.
Public health workers may need to “translate” public health findings
that may have an impact on the legal system in a beneficial way for
the population. Finally, social forces are often more effective than
education alone in beneficially modifying health-related behavior.
The facts on the hazards of smoking have been available for decades,
but only in the last 20 years have substantial numbers of the popula-
tion in the United States avoided smoking. It has become socially
unacceptable in many situations to smoke. In addition, lucrative busi-
ness enterprises have made healthy behavior and exercise fashion-
able. These social forces need to be exploited and tested for use in
control of infectious diseases. Patients in hospitals could be advised
to request that all their health-care providers wash their hands before
touching them. This would reduce nosocomial infection rates, espe-
cially those due to staphylococci. It is not far-fetched to imagine safer
sex as a result of social pressure to ask a partner to use barrier pro-
tection. Similar social pressures are operating when both passengers
and drivers use their seat belts or when friends drive an intoxicated
friend home after a party. Such social forces are powerful.

A corollary would be a suggestion for marketing good public
health. An effective marketing campaign was carried out by former
surgeon general of the United States C. Everett Koop. He was per-
ceived as caring, knowledgeable, and honest. An expanded approach
to increasing the acceptance of vaccines, avoiding unsafe travel, and
avoiding unsafe sex could be promoted just as consumer products are
promoted—by use of effective peer groups and role models. This is
a testable hypothesis for the twenty-first century.

In summary, a unified approach to public health is suggested
involving clinicians, public health officials, basic scientists, and inter-
ested members and groups in the community. Networking, clarity in
the presentation of epidemiologically important data, and a sense of
the global community at risk with its environment are important. A
sensitivity for the side effects of public health measures is essential
and the use of effective education, social forces, and marketing prac-
tices may be the new tools of public health.

Emerging Microbial Threats to Health and Security

Stephen M. Ostroff ® James M. Hughes

> INTRODUCTION

Our relationship to infectious pathogens is part of an
evolutionary drama.

Joshua Lederberg

Traditionally, the world learns prevention the day after
the epidemic.

Today, we have the responsibility of preparing for the
prevention and control

not only of known but also unknown conditions

William H. Foege

Note: The findings and conclusions in this chapter are those of the authors and
do not necessarily represent the views of the Centers for Disease Control and
Prevention.

Despite great progress in the prevention and management of infec-
tious diseases, microbial threats continue to evolve, proliferate, and
result in human infection—the consequence of social and ecologic
changes associated with a globalized society. The far-reaching
effects of the 2003 outbreak of severe acute respiratory syndrome
(SARS) highlight the ability of a previously unrecognized agent to
appear unexpectedly, spread rapidly in the absence of diagnostics
and effective disease prevention strategies, and cause widespread
suffering as well as political, economic, and social turmoil. The
emergence of SARS, a single example among many in recent years
(Table 8-3), also illustrates the potential dangers of infectious agents
and underscores the importance of preparedness for the unexpected.
Previously known infectious diseases also continue to present new
challenges. Some such as West Nile virus infection and Rift Valley
fever have recently jumped to new continents, whereas others such as
dengue are showing renewed intensity. Many established diseases,
such as malaria and tuberculosis, continue to exact a high burden,
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TABLE 8-3. SELECTED INFECTIOUS DISEASE CHALLENGES,
1993-2004

1993 Hantavirus pulmonary syndrome (United States)

1994 Plague (India)

1995 Ebola fever (Democratic Republic of Congo [former Zaire])

1996 New variant Creutzfeldt-Jakob disease (United Kingdom)

1997 H5N1 influenza (Hong Kong); vancomycin-intermediate
Staphylococcus aureus (Japan, United States)

1998 Nipah virus encephalitis (Malaysia, Singapore)

1999 West Nile virus encephalitis (Russia, United States)

2000 Rift Valley fever (Kenya, Saudi Arabia, Yemen); Ebola fever
(Uganda)

2001 Anthrax (United States); foot-and-mouth disease
(United Kingdom)

2002 Vancomycin-resistant Staphylococcus aureus (United States)

2003 Severe acute respiratory syndrome (SARS) (multiple
countries); monkeypox (United States)

2004 H5N1 influenza (Southeast Asia)

fueled in part by antimicrobial resistance. Moreover, incidents such
as the 2001 anthrax attacks in the United States have heightened con-
cerns about the use of microbial pathogens for bioterrorism.

In 1992, the Institute of Medicine (IOM) published a report!
describing the increasing public health challenges posed by new,
reemerging, and drug-resistant infections and calling for improve-
ments in the nation’s public health infrastructure. The report identi-
fied six factors underlying infectious disease emergence (Box §8-1)
and described their impact on diseases that had emerged in the United
States in the last two decades. In 2003, this report was updated? with
expanded emphasis on the global impact of infectious disease threats
and the international collaborative response needed to address them.
In addition to the six underlying factors outlined in the first report, the
new report cited seven other factors that contribute to the emergence
of global microbial threats (Box 8-1). Combined, these 13 factors can
be broadly categorized into four domains: genetic and biologic fac-
tors; physical environmental factors; ecologic factors; and social,
political, and economic factors. These factors and their associated
domains greatly affect the interaction of humans and microbes and
can converge to produce an emerging global microbial threat.

BOX 8-1. FACTORS CONTRIBUTING TO THE EMERGENCE
OF INFECTIOUS DISEASES

* Human demographics and behavior

¢ Technology and industry
1992

e Economic development and land use Institute of

o International travel and commerce medicine
report

¢ Microbial adaptation and change

¢ Breakdown of public health measures

¢ Human susceptibility to infection

¢ Climate and weather

¢ Changing ecosystems 2003

. - . Institute of

Poverty and social inequality medicine

e War and famine report

¢ Lack of political will

¢ Intent to harm

Sources: Adapted from Institute of Medicine. Emerging Infections: Microbial
Threats to Health in the United States. Washington, DC: National Academy
Press; 1992. Institute of Medicine. Microbial Threats to Health: Emergence,
Detection, and Response. Washington, DC: National Academy Press; 2003.

This chapter describes recent infectious diseases that present
particular public health concerns, either because of the significance
of their emergence or their continued or potential impact. The
increasing problem of antimicrobial resistance—a major factor con-
tributing to the impact of these diseases—is also discussed.

> EMERGING ZOONOTIC INFECTIOUS DISEASES

Microbes that originate in animals and are transmitted to humans,
either via direct transfer (zoonotic diseases) or through an intermedi-
ate vector (vector-borne diseases), are the source of a growing num-
ber of emerging infectious diseases.? Aided by a complex mix of
social, technological, ecologic, and viral changes, zoonotic agents are
increasingly crossing the barriers that once limited their geographic
or host range and igniting the emergence, reemergence, and spread of
infectious diseases. Many of the new diseases that have appeared in
recent years, as well as the established diseases that are increasing in
incidence or expanding their range, are caused by zoonotic agents
with wildlife reservoirs.*> Wild mammals and birds provide a poten-
tially rich pool of disease agents and hosts that can come into contact
with humans either naturally or, more likely, because of disruption or
destabilization of their natural ecosystems. For example, hantavirus
pulmonary syndrome appeared in the U.S. Southwest in 1993 when
the deer mouse population increased rapidly due to climate-related
food surpluses and spilled into nearby human habitations. The mice
were carrying a previously unrecognized subtype of hantavirus that
was transmitted to humans by direct contact with rodents or their
excretions or by inhalation of aerosolized infectious material (e.g.,
contaminated dust arising from disruption of rodent nests).%’

More recently, the highly lethal Nipah virus appeared after
changes in agricultural practices and land use created first an emerg-
ing disease in livestock and then a health crisis in humans. The virus
naturally infects Pteropus fruit bats, which are widely distributed in
Asia and likely serve as the reservoir for the disease agent.® Nipah
virus was discovered in Malaysia in 1998—1999 during an outbreak of
encephalitis that killed 105 persons, most of whom had occupational
exposure to ill pigs.”!° Changes from traditional to modern animal hus-
bandry practices had increased the size and density of pig farms in the
area, extending their reach into nearby orchards that harbored fruit bats
whose natural habitats had been destroyed. Aerosolization of virus-
containing bat droppings caused infection of the pigs, overcrowded
conditions led to efficient pig-to-pig transmission, and close contact
with ill animals led to infection in pig handlers.!" The virus has since
appeared in Bangladesh, causing a series of limited but deadly out-
breaks that appear to have been caused by children who had direct con-
tact with bat-contaminated fruit.'”> Genetic analysis showed Nipah
virus to be closely related to Hendra virus, which was discovered in
Australia as the cause of a fatal outbreak that killed 14 racehorses and
2 humans and also is maintained in pteropid hosts. The viruses con-
stitute a new genus in the paramyxovirus family.'?

International travel and trade also provide opportunities for the
amplification and penetration of zoonotic microbes, as evidenced by
the U.S. outbreak of monkeypox associated with the exotic pet trade
and the epidemic of SARS that spread globally by travelers. In 2003,
monkeypox, a rare viral disease that occurs mainly in the rainforest
countries of central and West Africa, was reported among prairie dogs
and humans in the midwestern United States, the first such outbreak
recognized in the Western hemisphere.'4!> Traceback investigations
implicated a shipment of animals from Ghana as the probable source
of introduction of monkeypox into the United States. The shipment
contained approximately 800 small mammals of nine different
species, including six genera of African rodents, imported to the
United States as pets. Laboratory testing of animals from this ship-
ment found evidence of monkeypox virus in several species, includ-
ing one Gambian giant rat, three dormice, and two rope squirrels.
Prairie dogs became infected by contact with the Gambian rats dur-
ing their transport and warehousing for distribution as exotic pets.
Human infection occurred from contact with ill prairie dogs that were



being kept or sold as pets. In total, 72 cases, 37 of which were labo-
ratory confirmed, were reported from six midwestern states.

The respiratory illness later designated SARS was first reported
in late 2002 from the southern Chinese province of Guangdong.!” In
February 2003, the disease spread beyond China when several inter-
national travelers staying in a hotel in Hong Kong became infected as
a result of contact with an ill physician visiting from Guangdong.'®1
These persons returned to their home countries, where some seeded
multiple chains of transmission that, over the course of only four
months, led to more than 8000 cases of SARS and nearly 800 deaths
in 29 countries or areas and generated widespread panic, paralyzed
travel, and threatened the global economy.?’?! Genetic analysis of the
previously unknown SARS-associated coronavirus (SARS-CoV)
determined that it was unlike other known members of the coron-
avirus family.?>?> Retrospective analyses of banked respiratory and
serologic specimens detected no evidence of human infection before
the explosive outbreak was recognized in China in late 2002. Surveys
in south China found potential zoonotic reservoirs for the virus in live
wild animals sold for food in open markets and serologic evidence of
human infections in persons working in these markets.?>2

Among the characteristics that distinguish SARS-CoV from
many other zoonotic agents is its ability to spread not only from ani-
mals to people but also from person to person.?” After crossing the
species barrier to humans, the virus was transmitted from clinically
ill persons to household members, health-care workers, and other
close contacts, raising fears of possible pandemic spread. Fortunately,
despite the occurrence of several so-called “superspreading events”
in which certain infected persons were linked to large numbers of
subsequent cases,'#?8-30 SARS proved to be less transmissible than
most respiratory infections and was controlled relatively quickly by
use of infection control and community containment measures.3!
Concerns about a possible recurrence of SARS remain, but, to
date, only a few sporadic cases have been reported since the origi-
nal outbreak; most of these cases were directly or indirectly linked to
inadvertent laboratory exposures.3>-3

In the wake of the SARS outbreak, public health officials are
increasingly concerned about the pandemic potential of avian
influenza, another zoonotic agent with a wildlife reservoir. Avian
influenza is an infectious disease of birds caused by type A strains of
the influenza virus. 3 Infection causes a wide spectrum of symptoms
in birds, ranging from mild illness to rapidly fatal disease. To date, all
human outbreaks of the highly pathogenic form have been caused by
influenza A viruses of subtypes H5 and H7. Of these, HSN1 is of par-
ticular concern because of its ability to mutate rapidly and exchange
genes with viruses from other species. Migratory waterfowl, the nat-
ural reservoir of avian influenza viruses, are the most resistant to
infection, whereas domestic poultry are particularly susceptible to
fatal disease. Direct or indirect contact of domestic flocks with wild
migratory waterfowl has been implicated as a cause of epidemics.?"

In recent years, sporadic human infections with avian influenza
viruses have raised concerns that currently circulating avian influenza
viruses will adapt to humans through genetic mutation or reassortment
with human influenza strains and evolve into a pandemic strain.*
Avian influenza viruses were first shown to cross the species barrier and
cause respiratory disease and death in humans in 1997, when highly
pathogenic influenza A (H5N1) spread directly from infected chickens
to humans in Hong Kong and killed 6 of 18 infected persons.*?
Culling of nearly 2 million chickens in Hong Kong’s markets and farms
successfully contained the outbreak. Since that time, outbreaks of dif-
ferent subtypes of avian influenza have caused disease in poultry, with
secondary but mild infections reported in pigs and human. In January
2004, another H5N1 strain spawned disease outbreaks in poultry in
several Asian countries, ultimately leading to the culling of more than
100 million birds in an effort to control the spread of the virus.
Unprecedented in geographic scale and impact, the outbreaks have
caused more than 50 human cases and more than 40 deaths among per-
sons in Cambodia, Thailand, and Vietnam through early 2005.4

To date, human infections with avian influenza viruses detected
since 1997 have not resulted in sustained human-to-human transmission.
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However, virulent avian influenza A (HSN1) viruses have become
endemic in eastern Asia, posing an immediate risk of transmission to
humans and increasing opportunities for human coinfection with
avian and human influenza viruses.*® In addition, recent studies have
yielded evidence of continued evolution of the virus, with increased
pathogenicity and an expansion of its host range.**#’ Given the close
living conditions of humans and poultry in parts of Asia, such factors
increase the possibility that an avian-human reassortant virus may
emerge and give rise to a pandemic.3*#

» EMERGING VECTOR-BORNE INFECTIOUS DISEASES

Viruses with a zoonotic origin that are spread by arthropod vectors
have posed particular challenges, both in tropical areas where many
previously controlled diseases have resurfaced and throughout the
world as endemic diseases have appeared in new areas. One example
is Rift Valley fever, an enzootic infection of domestic cattle, sheep,
goats, and camels caused by a mosquito-borne phlebovirus.* Origi-
nally confined to parts of the African continent where it has caused
major epizootic outbreaks with occasional cross-infection to humans,
it spread for the first time in 2000 into southwest Saudi Arabia and
Yemen, probably by infected imported livestock or windborne
infected mosquitoes.*-! By mid-2001, the infection had killed sev-
eral thousand animals and more than 230 people.

West Nile virus (WNV) provides another example of a vec-
tor-borne disease that has spread swiftly into new areas. WNV is a
mosquito-borne flavivirus that is maintained in a cycle primarily
involving bird-feeding mosquitoes, with wild birds as the principal
amplifying hosts. The virus has been found to be particularly lethal
among American crows (Corvus brachrynchos)®. It is occasionally
transmitted to humans, horses, and other mammals in which disease
may occur. The virus was first isolated in the West Nile district of
Uganda in 1937 but was not encountered in the Western hemi-
sphere until 1999, when it was identified as the cause of an epidemic
of aseptic meningitis and encephalitis in New York City.5>%* After
its introduction into North America by an unknown vector, the virus
spread rapidly across the continent, causing an estimated 940,000
infections and 190,000 illnesses through mid-October 2004.35-5¢
(Fig. 8-1). Based on data reported through this date to ArboNet, an
electronic surveillance system used by the Centers for Disease Con-
trol and Prevention (CDC) and state and local health departments to
track WNV infections, the virus has caused nearly 7000 cases of
severe neuroinvasive disease and more than 600 deaths among U.S.
residents and has been reported in more than 50 mosquito and nearly
300 bird species.”® In addition to an unusual proportion of severe
cases, the U.S. epidemic beginning in 2002 revealed several new clin-
ical syndromes and five new modes of spread, including transmission
to recipients of transplanted organs and transfused blood.>>>7% The
virus has also spread to both Canada and Mexico,® and evidence of
transmission has been documented in the Caribbean and Central
America.t!:02

Although West Nile virus is now a major epidemiologic concern
in the developed world, dengue viruses have become the most impor-
tant human arboviral pathogens to emerge globally. Dengue is
endemic in Africa, the tropical Americas, and parts of the Middle
East, Asia, and the Western Pacific.®® The frequency of dengue and
its more severe complications, dengue hemorrhagic fever (DHF) and
dengue shock syndrome (DSS), has increased dramatically since
1980, with an estimated 50 million infections recorded annually.®
Dengue is caused by four closely related flaviviruses transmitted by
mosquitoes, primarily by domestic, day-biting Aedes aegypti. This
mosquito was historically found in Africa but spread through the
world’s tropical regions over the past two centuries through inter-
national commerce. A global pandemic of dengue began in South-
east Asia after World War II and has since intensified, with more
frequent and progressively larger epidemics associated with severe
disease.* The resurgence and spread of dengue and DHF have been
most dramatic in Asia and Latin America, where the uncontrolled
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Figure 8-1. Spread of West Nile virus in mosquitoes, birds, horses, other animals, and humans in the United States, 1999-2004. The incidence
of human neuroinvasive disease (meningitis, encephalitis, and acute flaccid paralysis) is indicated according to county. Data for 2004 are
reported cases as of October 15. (Source: Krista Kniss, CDC. Reprinted from N Eng J Med. 2004,351(22):2257-9. Copyright © 2004

Massachusetts Medical Society. All rights reserved.)

growth of urban shantytowns with poor sanitation and unreliable
water systems has led to the proliferation of the Aedes aegypti mos-
quito vector in open water pools.**

> EMERGING FOODBORNE
AND WATERBORNE DISEASES

Despite improvements in the treatment of diarrheal diseases, an esti-
mated 2.5 million people worldwide still die annually from diarrhea
caused mainly by contaminated food and water.%> Although the vast
majority of diarrhea-associated mortality occurs in less developed
countries, the problem is also significant in more developed set-
tings. In the United States, foodborne infections cause an estimated

76 million illnesses and 5000 deaths each year, although many more
infections likely go undiagnosed and unreported.® The epidemiology of
foodborne illness continues to evolve as changes in food production, dis-
tribution, and consumption create opportunities for new pathogens to
emerge, well-recognized pathogens to increase in prevalence or become
associated with new food vehicles, and widespread outbreaks to occur.®’
Recently identified foodborne pathogens, many of which are zoonotic in
origin, include bacteria (Escherichia coli O157:H7, Listeria monocy-
togenes, Campylobacter jejuni, Yersinia enterocolitica), parasites
(Cryptosporidium, Cyclospora), and viruses (noroviruses). In addition,
prions have been discovered to cause fatal neurodegenerative conditions
(transmissible spongiform encephalopathies) in animals and humans.
First recognized as a human pathogen in 1982, E. coli O157:H7
has rapidly become a major cause of hemorrhagic colitis and



hemolytic uremic syndrome.® In the United States, E. coli O157:H7 is
estimated to cause more than 73,000 cases of illness and approximately
60 deaths per year.®® A zoonotic agent, E. coli O157:H7 colonizes the
intestinal tract of agricultural animals, most often cattle,’*’? and is
transmitted to humans through fecally contaminated food, milk, or
water and through direct animal contact. Foodborne transmission is
believed to account for 85% of the 73,000 estimated cases of E. coli
0157:H7 cases per year in the United States.®® Outbreaks have also
been reported in Australia, Canada, Japan, various European countries,
and southern Africa. Although most foodborne outbreaks were initially
associated with consumption of undercooked ground beef,” more
recent outbreaks have been linked to other food vehicles, including
unpasteurized fruit juice, lettuce, alfalfa sprouts, and game meat.”*7

A significant proportion of reported foodborne outbreaks is
traced to fresh produce. Globalization of the food supply and central-
ization of food production have increased the volume of fresh produce
grown in the developing world for export to other countries. Added to
increases in U.S. consumption of “heart-healthy” and “‘cancer-preventing”
fruits and vegetables and a growing demand for organic, exotic, and
out-of-season produce, these factors have increased opportunities for
the introduction of foodborne pathogens into susceptible populations.®
As a result, U.S. foodborne outbreaks associated with fresh produce
have increased in absolute numbers and as a proportion of all reported
foodborne outbreaks, rising from 0.7% in the 1970s to 6% in the
1990s.% In the United States from 1973 through 1997, 32 states
reported 190 produce-related outbreaks, associated with 16,058 ill-
nesses, 598 hospitalizations, and 8 deaths. The produce items most fre-
quently implicated include salads, lettuce, juice, melon, sprouts, and
berries. In addition to E. coli O157:H7, major pathogens associated
with produce-related outbreaks are Salmonella spp, Shigella sonnei,
Cyclospora cayetanensis, and hepatitis A.81-83

Viruses are associated with an estimated two thirds of the
foodborne illnesses caused by known pathogens.® The Caliciviridae
family, known as Norwalk-like or noroviruses, account for the over-
whelming majority of these illnesses and have emerged as the lead-
ing cause of acute viral gastroenteritis worldwide.®®34% Noroviruses
are transmitted most commonly by direct contamination of food (e.g.,
salads, sandwiches, bakery products) by infected foodhandlers,* but
also via foods contaminated at their sources, such as oysters and rasp-
berries. Transmission is facilitated by the high prevalence of these
viruses in the community, their stability in the environment, their low
infectious dose, and the prolonged duration of viral shedding among
asymptomatic persons.® These factors presumably account for both
the frequency of noroviruses as an important cause of epidemic gas-
troenteritis in nursing homes, hospitals, schools, and cruise ships and
the difficulty in controlling norovirus outbreaks.3+87:88

Changes in agricultural practices are the basis for the recognition
of a new class of foodborne pathogen, the prion. Although prion dis-
eases in animals have been long recognized, the emergence in 1996 of
a new variant form of Creutzfeld-Jakob disease (vCJD) brought these
agents to international attention. The etiologic agent proved to be
indistinguishable from that of bovine spongiform encephalopathy
(BSE), a fatal neurodegenerative disease of cattle that caused a
large-scale bovine epidemic in Great Britain beginning in 1986.%
Cattle in Britain had presumably been exposed to the BSE agent
since about 1982, when changes in the rendering process allowed
contamination of cattle feed with infected tissues from previously
slaughtered cows. Consumption of BSE-infected feed allowed the
agent to recirculate within the cattle population and subsequently enter
the human food chain via contaminated meat products.®-!

Since 1986, BSE has been confirmed in Japan, Israel, Canada,
the United States, and 20 European countries;’> most BSE cases out-
side of Britain have been traced to the importation of British cattle.
BSE transmission to humans has led to more than 150 cases of invari-
ably fatal vCJD, the vast majority occurring in Britain. Compared
with the extent and speed of transmission of BSE in cattle, vCJD
cases have increased very slowly. However, a likely long interval
between exposure and development of symptoms raises concerns
about the future appearance of additional cases as well as the risk of
bloodborne transmission. 3%
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Infections are also emerging through the waterborne route, i.e.,
from ingestion of contaminated drinking water or through immersion
in contaminated water.”> Increases in recreational water-associated
outbreaks have also been reported, from both treated and fresh water
sources.” The commonly recognized waterborne pathogens include
several groups of enteric bacteria, protozoa, and viruses. For example,
contaminated drinking water has been implicated in outbreaks of
campylobacteriosis,””*® and E. coli O157:H7 has been transmitted via
recreational water, well water, and contaminated municipal water.”-1%3
In 1992, Vibrio cholerae 0139, a novel strain, was first detected in
South Asia and quickly spread to many regions of India and
Bangladesh.!%1% Since then, its impact has fluctuated throughout
South Asia.'®!"% The most important parasitic protozoa associated
with waterborne transmission are Giardia lamblia and chlorine-resistant
Cryptosporidium parvum, the latter of which caused a municipal water
outbreak of cryptosporidiosis that affected more than 400,000 people
in Milwaukee, Wisconsin, in 1993, and motivated authorities to
reassess the adequacy of water-quality protections.''"!'2 Although
waterborne outbreaks of norovirus gastroenteritis are far less common
than foodborne outbreaks, norovirus outbreaks have been associated
with contaminated municipal water, well water, stream water, com-
mercial ice, lake water, and swimming pool water.%¢

» HUMAN IMMUNODEFICIENCY VIRUS,
TUBERCULOSIS, AND MALARIA

Despite the steady emergence of new pathogens with significant
public health, economic, and geopolitical impact, three well-
known but poorly contained diseases—HIV/AIDS, tuberculosis, and
malaria—persist in contributing to more than half the global burden of
infectious disease mortality. These diseases seriously affect health and
constrain economic growth and development in many of the world’s
poorest nations. They also continue to affect developed countries, often
related to factors such as immigration, international travel, and poverty.

The appearance and rapid global dissemination of HIV is the
most vivid example of the ability of an infectious agent to suddenly
emerge and proliferate with long-lasting impact. Studies of the origin
of AIDS suggest that humans first became infected with HIV in the
early to the mid-twentieth century from contact with nonhuman pri-
mates in Africa.!’*!"* After crossing over to humans, HIV spread
rapidly around the world due to a convergence of social, behavioral,
and economic changes that interacted to facilitate viral adaptation and
transmission.!'"!> Despite advances in prevention and treatment and
declining incidence in some population groups, the HIV/AIDS epi-
demic continues to expand and evolve. Current global estimates
include approximately 28 million deaths from HIV/AIDS, nearly
40 million persons living with the disease, and more than 14 million
children orphaned.!!'®!7 In 2004 alone, it is estimated that approx-
imately 3 million people died from AIDS and that almost 5 million
people, including 700,000 children, became newly infected. HIV/
AIDS is the fourth leading cause of death worldwide. Increasing
mortality over the past five years is attributed to both the nature of
the epidemic and the low coverage of antiretroviral therapy in devel-
oping countries.!!7:118

Nearly two thirds (65%) of all persons living with HIV/AIDS
and 75% of all women living with HIV/AIDS reside in Sub-Saharan
Africa, the worst affected region.!!”!'® However, new epidemics are
igniting in other parts of the world—primarily Eastern Europe and
central Asia, where the number of persons living with HIV/AIDS
increased by more than nine-fold in less than a decade.'"” HIV has
spread to all of China’s provinces, several of which are experiencing
rapidly expanding epidemics, and serious outbreaks are underway in
some areas of India. Injecting drug use is a major driver of HIV trans-
mission in these regions, where large populations and adverse socioe-
conomic conditions provide the potential for explosive spread.!''®
Although the epidemic appears to have stabilized or decreased in
much of the developed world, increasing rates have been observed in
some populations, including men who have sex with men and racial
and ethnic minorities in the United States.!!
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Unlike HIV, Mycobacterium tuberculosis has a history spanning
thousands of years.'!” Nonetheless, its impact continues into the pre-
sent, with one third of the world’s population currently infected.'*
Although not all of these persons will become ill, those who develop
active tuberculosis will infect an estimated 10 to 15 other people each
year.'? In 2002, approximately 2 million people, most (98%) from
developing countries, died as a result of tuberculosis, and 8-9 million
became ill, many with strains of M. tfuberculosis resistant to antitu-
berculosis drugs.'?

In most countries, tuberculosis incidence has been increasing by
approximately 0.4-3% per year.>'?! However, much higher rates of
increase have been reported in areas such as Eastern Europe and sub-
Saharan Africa, and the largest number of cases occurs in southeast
Asia.'? After more than a decade of falling rates attributed to imple-
mentation of directly observed therapy, the rate of decline in the
United States is also slowing (Fig. 8-2). From 2000 to 2001, reported
cases dropped by only 2%, with 50% of the 15,990 annual cases
occurring in foreign-born persons.'?>!23 HIV infection is an important
risk factor for the progression of tuberculosis infection to active dis-
ease.'?* In areas of the world with dual epidemics, the impact on the
occurrence of active tuberculosis has been dramatic.'? Tuberculosis
is now one of the most common infections complicating HIV/AIDS
in subtropical Africa and a major contributor to death. War, poverty,
overcrowding, mass migration, and declining medical and public
health infrastructure due to lack of political will are also important
factors in the development, transmission, and spread of tuberculosis.

In addition to HIV and tuberculosis, malaria remains a major
threat to global health and development, causing as many as 500 mil-
lion cases and 3 million deaths each year, most of which occur
among young children in sub-Saharan Africa.'?*!?” Four species of
Plasmodium are capable of producing malaria in humans: P. falci-
parum, P. vivax, P. malariae, and P. ovale. All are transmitted to
humans by Anopheles species mosquitoes. P. falciparum and P.
vivax cause the majority of malaria cases in humans, but falciparum
malaria is considered the greater public health concern due to its more
severe clinical manifestations and higher mortality.

Although treatable and preventable, malaria is endemic in
more than 90 countries, placing approximately 50% of the world’s
population at risk.'?%!28 The disease is transmitted primarily in
tropical and subtropical regions in sub-Saharan Africa, Central and
South America, Hispaniola, the Middle East, India, Southeast Asia,
and Oceania. Within these areas, the risk of transmission is highly
variable, affected largely by climate.'” Although most malaria
transmission occurs in rural areas, explosive population growth has
contributed to increased transmission in many urban areas, and
weakening public health infrastructures have triggered large-scale
epidemics in countries of the former Soviet Union and elsewhere
during the last decade.!?6:130

> ANTIMICROBIAL DRUG RESISTANCE

Added to the health impact and challenges of emerging infections is
the growing resistance of infectious agents to antimicrobial
drugs.'31132 Not only are antimicrobial-resistant organisms increasing
in number, but they are also expanding their geographic range,
increasing the breadth of their resistance, and spreading from health-
care settings into the community.'*! Drug-resistant organisms include
all major groups of disease-causing agents: strains of HIV and other
viruses; bacteria such as staphylococci, enterococci, and gram-neg-
ative bacilli, which cause serious infections in hospitalized
patients; bacteria that cause respiratory diseases such as pneumo-
nia and tuberculosis; foodborne pathogens such as Salmonella and
Campylobacter; sexually transmitted organisms such as Neisseria gon-
orrhoeae; Candida and other fungi; and parasites such as P. falciparum.

Staphylococcus aureus is one of the most common causes of
hospital- and community-acquired infections.!** Methicillin-resistant
S. aureus (MRSA) was first recognized as a nosocomial pathogen in
1961, shortly after the introduction of methicillin. By 2000, approxi-
mately half of all nosocomial S. aureus isolates in the United States
were methicillin-resistant.’** Risk factors for health-care—associated
MRSA infection include recent hospitalization, residence in a long-
term care facility, dialysis, and indwelling percutaneous medical
devices and catheters. In recent years, MRSA infections have started
to spread from the health-care setting and into the community, where
outbreaks are occurring among persons with no prior hospital expo-
sure.!3-137 Transmission has occurred by close physical contact in sit-
uations involving children in day care centers, children and adults on
Indian reservations, athletes, military personnel, inmates in correc-
tional facilities, and men who have sex with men.!3-%> Available data
suggest that community-associated strains are more likely than
health-care—derived isolates to carry virulence factors associated with
pneumonia in children and skin and soft tissue infections in adults.!3

A steadily increasing proportion of MRSA also shows low-level
resistance to vancomycin, currently considered the treatment of last
resort.'* In 1996, the first appearance of intermediate resistance to
vancomycin in S. aureus with minimum inhibitory concentrations
(MICs) of 8 ug/mL was reported from Japan,'4” and additional cases
were subsequently found in other countries.!*® By the end of 2004, 12
infections with vancomycin-intermediate S. aureus (VISA) had been
confirmed in the United States. The first two confirmed clinical
infections caused by S. aureus isolates with complete resistance to
vancomycin (VRSA) occurred in the United States in 2002, both in
outpatient settings.'*!>* These strains reportedly acquired the resis-
tance trait from vancomycin-resistant enterococci (VRE), which were
first documented in 1986'%' and are now endemic in many hospitals.'>?
A third documented clinical isolate of VRSA from a U.S. patient was
reported in 2004.'53
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Driven in large part by the use of antibiotics in livestock and poul-
try, antimicrobial resistance among foodborne bacterial pathogens is
making the health impact of foodborne infections even more seri-
ous.?”!13 For example, fluoroquinolone-resistant Campylobacter infec-
tions emerged in the United States in the early 1990s, coincident with
the licensing of fluoroquinolones for treatment of respiratory disease in
poultry. Similarly, the emergence of Salmonella strains resistant to
cefriaxone is thought to be associated with the widespread use of third-
generation cephalosporins in cattle.®”!5 Multidrug-resistant definitive
phage type (DT) 104 strains of S. Typhimurium increased in prevalence
from 0.6% in 1979-1980 to 34% in 1996, after spreading first among
food animals.!>*1%6

Multidrug resistance has also expanded rapidly to other
pathogens, fueled by antimicrobial use and misuse as well as eco-
nomic decline and failing health infrastructures in many parts of the
world."3! Since the early 1990s, resistance of Streptococcus pneumo-
niae to penicillin and other antimicrobial agents has spread,'>”!58 and
an increasing trend of invasive pneumococci resistant to three or more
drug classes threatens the treatment of pneumonia and ear infections,
especially in children.’!% The frequency of fluoroquinolone-
resistant E. coli has reached 70% in parts of Southeast Asia and China
and nearly 10% in some industrialized countries, including the United
States, and some strains of E. coli are resistant to as many as six drug
classes. 31132161162 Strains of N. gonorrhoeae have been widely resis-
tant to both penicillin and tetracycline since the 1980s. '3 The more
recent appearance of fluoroquinolone-resistant strains is severely lim-
iting therapeutic options for gonorrhea, the second most frequently
reported communicable disease in the United States.!6%164

In many countries, the failure to treat all patients properly is
leading to the emergence of M. tuberculosis strains that are resistant
to increasing numbers of antituberculosis drugs and undermining dis-
ease elimination efforts.'®> Of the estimated 300,000 new cases of
drug-resistant tuberculosis occurring globally each year, 79% are
resistant to three of the four first-line drugs.'*® M. tuberculosis strains
resistant to at least isoniazid and rifampin (MDR TB) are currently
ten times more frequent in eastern Europe and central Asia than else-
where in the world, although incomplete reporting precludes a true
measure of the burden in all areas.!'”” A WHO survey of 77 locations
showed that, in 1999-2002, the prevalence of resistance to at least
one antituberculosis drug ranged from 0% in some western European
countries to 57% in Kazakhstan. In the United States, the incidence
of drug resistance in new cases of tuberculosis is highest in foreign-
born persons (1.2%).'?3 The increased costs of treatment associated
with the more expensive second-line drugs pose a major barrier to
completion of treatment and increase the risk of progressive disease
and death.'®

Globally, drug resistance has also become one of the greatest
challenges to malaria control. Drug resistance has been associated
with the spread of malaria to new areas, the reemergence of malaria
in previously affected locales, and the occurrence and spread of
epidemics.'* Resistance to chloroquine, the main affordable and
available antimalarial treatment, is now widespread in 80% of the
92 countries where malaria continues to be a major killer,'%® and resis-
tance to newer antimalarial drugs is widespread and growing. The
diminished efficacy of chloroquine represents a tremendous setback for
malaria control, leading to a resurgence of malaria-related morbidity
and mortality in Africa.'®

» BIOTERRORISM THREATS

Any consideration of new infections arising unexpectedly from
nature must include the possibility of the deliberate release of infec-
tious agents by dissident individuals or terrorist groups. Biological
agents are attractive instruments of terror because they are relatively
easy to produce, capable of causing mass casualties, difficult to
detect, and likely to generate widespread panic and civil disruption.
The dissemination of Bacillus anthracis through the U.S. postal sys-
tem in 2001'° demonstrated the vulnerability of the United States and
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the world to the unleashing of any of a host of dangerous microbes
and accelerated research and preparedness activities. The six
pathogens identified by experts as having highest potential for bioter-
rorism— designated Category A agents—are: B. anthracis (anthrax),
Clostridium botulinum toxin (botulism), Yersinia pestis (plague), var-
iola virus (smallpox), Francisella tularensis (tularemia), and viral
hemorrhagic fever viruses.'”"'> A more lengthy list of Category B
agents and diseases that are thought to pose the next highest level of
risk includes brucellosis, viral encephalitis, and food and water safety
threats. Category C includes emerging infectious diseases such as
Nipah and hantaviruses. Further information on these categories and
the designated threat agents is available at http://www.bt.cdc.gov/
agent/agentlist.asp.

All six of the Category A agents can be effectively introduced
through aerosol dissemination, considered the likeliest route for
intentional dissemination of a biologic agent. However, other dis-
persion methods are also possible. Increasing centralization of food
processing and distribution has heightened the risk of a serious strike
against the food supply.'” Deliberate mass contamination of a
widely consumed food item could sicken millions of citizens and
cripple national agriculture and food industries. Food safety threats
include Salmonella species, E. coli O157:H7, and Shigella. Water
treatment and distribution facilities are also potential targets for con-
tamination with agents such as V. cholerae and C. parvum.'™ A bio-
logic attack against crops or livestock could have devastating con-
sequences.'” Examples of animal diseases that could possibly be
spread intentionally are avian influenza, food and mouth disease,
BSE, and African swine fever.

» STRATEGIES FOR ADDRESSING EMERGING
INFECTIOUS DISEASES

Since earliest history, human populations have struggled against an
evolving array of infectious diseases. However, the unprecedented
succession of recent infectious disease emergencies—and the threat
of more to come—bring new challenges that require novel solu-
tions.!”® Unlike previous eras of infectious disease, the scale is global
and changes are occurring on many fronts, requiring the readiness of
a coordinated international response.

The mainstay of infectious disease control continues to be pub-
lic health surveillance and response systems that can rapidly detect
unusual, unexpected, or unexplained disease patterns; track and
exchange information on these occurrences in real time; manage a
response effort that can quickly become global in scope; and contain
transmission swiftly and decisively. The surveillance methods, inves-
tigational skills, diagnostic techniques, and physical resources needed
to detect an unusual biologic event are similar, whether a seasonal
influenza epidemic, a contaminated food in interstate commerce, or
the intentional release of a deadly microorganism.

Internationally, the World Health Organization (WHO) coordi-
nates these efforts through the Global Outbreak Alert and Response
Network (GOARN), which was launched in 2000 as a mechanism for
combating international disease outbreaks, ensuring the rapid deploy-
ment of technical assistance to affected areas, and contributing to
long-term epidemic preparedness and capacity building.!”” The
importance of such a network was demonstrated during the SARS
epidemic, when WHO effectively coordinated disease surveillance,
investigation, pathogen identification, laboratory diagnostics, and
information dissemination.'7%17°

In the United States, CDC works with state and local health
departments and other agencies to detect and monitor microbial
threats. Surveillance for notifiable diseases is conducted by state and
local health departments, which receive reports from clinicians and
laboratorians at the clinical front lines. To supplement routine pub-
lic health surveillance functions, CDC funds and coordinates 11
Emerging Infections Program (EIP) sites (Fig. 8-3) in collaboration
with state and local health departments, public health laboratories,
and clinical and academic organizations. These sites form a national
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Figure 8-3. Emerging
infections program (EIP) E>
sites.

network for population-based studies on emerging infectious dis-
eases of public health importance. Two International Emerging
Infections Program (IEIP) sites have been established in Thailand
and Kenya through collaborations with the ministries of health and
other partners in those countries; plans for other IEIP sites are under-
way. CDC also works in partnership with sentinel specialists in
infectious diseases, emergency medicine, and travel medicine to
track conditions that are likely to be seen by clinicians but that may
be missed by traditional surveillance approaches. Much-needed col-
laborations with veterinary partners are improving the detection and
monitoring of zoonotic agents.'%

Increased security concerns since 2001 have placed a new
focus on the importance of identifying unusual health events and
responding rapidly to prevent large-scale devastation. A special
strategic challenge is how to integrate bioterrorism preparedness
into overall infectious disease preparedness in ways that are syner-
gistic and cost-effective. One example of such “dual-use” capabil-
ity is the Laboratory Response Network (LRN), a multi-level net-
work of more than 120 laboratories that links U.S. public health
agencies to advanced-capacity diagnostic facilities and provides
laboratory support during responses to naturally occurring as well
as intentionally caused outbreaks.!8! Operational since 1999, the
LRN builds on the nationwide system of public health and affiliated
laboratories that conduct routine disease surveillance and are
needed to combat the threat of emerging diseases. Between 2001
and 2003, LRN member laboratories helped detect and monitor
cases of SARS, West Nile virus infection, and monkeypox, as well
as intentionally caused anthrax.

Control of foodborne illnesses provides added challenges due
to the size and complexity of the food industry, the rapid changes
that have occurred in its organization, products, and workforce, and
the difficulty in tracking and monitoring these diseases. Prevention-
based regulatory approaches that address the entire food supply
chain are needed to ensure the safety of every food product “from
farm to table.”'®? Global food supplies and large distribution net-
works also demand strengthened capacity for disease surveillance
and response to outbreaks that can quickly cross local, national,
and international borders.?! To address these needs, laboratory-
based surveillance and molecular epidemiology tools have been
developed to improve the understanding of the scope and source of
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foodborne outbreaks and direct investigative and research efforts.
These include FoodNet, an active surveillance system designed to
determine the frequency and severity of foodborne diseases in the
United States, monitor trends, and determine the proportion of dis-
ease attributable to specific foods,'®3 and PulseNET, a national mol-
ecular subtyping network for foodborne bacteria that facilitates
rapid identification of and faster responses to outbreaks of food-
borne disease.!$*

New technologies are stimulating the development of other
innovative public health tools that are invigorating disease surveil-
lance and response systems. Internet-based information tech-
nologies are being used to improve national and international dis-
ease reporting, as well as facilitate emergency communications and
the dissemination of public health information. Data from the
Human Genome Project provide the foundation for public health
genomics, a field that holds great promise for understanding the
role of human genetic factors in susceptibility to disease, disease
progression, and host responses to vaccines and other interven-
tions.!8>18 As the genomic sequences of microbial pathogens
become available, discoveries in microbial genetics are suggesting
new methods for disease detection, control, and prevention.'$” Sci-
entific advances are also facilitating the development of improved
diagnostic techniques and new vaccines to prevent infection by
emerging microbial agents such as HIV, West Nile virus, dengue
virus, and H5N1 avian influenza virus. Sophisticated geographic
imaging systems are being used to monitor environmental changes
that might influence disease emergence and transmission.!' Other
novel technologies, although less sophisticated, nonetheless pro-
vide hope for the control of some persistent diseases. For example,
the CDC Safe Water System uses point-of-use disinfection and safe
water storage to prevent waterborne diseases in developing coun-
tries.!881% In rural Africa, insecticide-impregnated bednets have
proven highly effective in reducing morbidity and mortality from
malaria.!?0-192

Important as each of these strategies is, however, none can
succeed in the long-term without the political will and actions to
address the root causes of infectious diseases. As demonstrated by
many of the examples cited above, infectious diseases do not exist
in a social vacuum.'”® Ultimately, disease transmission may be
affected less by the features of the etiologic agent than by factors



such as poverty, overcrowding, poor nutrition, social inequities,
inaccessibility of health care, workforce shortages, economic
instability, and social and ecologic disturbances. In the midst of
rapid global change, persistent health disparities, and increas-
ingly vulnerable populations, governments need to supplement
scientific and technologic breakthroughs with long-term actions
that recognize the complex social context of disease emergence
and that focus on underlying health, development, and sociopolit-
ical determinants.

» CONCLUSION

Microbes share our biosphere and possess the intrinsic genetic capac-
ity to adapt, shift, and gain new hosts. Despite advances in science,
technology, and medicine that have improved disease prevention and
management, endemic and emerging infectious diseases continue to
pose a threat to domestic and global health. The ever-increasing speed
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and volume of international travel, migration, and trade create new
opportunities for microbial spread, increases in the world’s most vul-
nerable populations, and the prospect of a deliberate release of patho-
genic microbes underscore the importance of preparedness to address
the unexpected.

The best defense against these pathogens is a multifactorial
solution characterized by international collaboration and commu-
nication; coordinated, well-prepared, and well-equipped public
health systems; improved infrastructure and methods for detection
and surveillance; effective preventive and therapeutic technolo-
gies; and strengthened response capacity. Partnerships among
clinicians, laboratorians, and local public health agencies,'** as well
as linkages between human health and veterinary organizations and
professionals,'® are also essential components in preparedness and
response efforts. Above all, political commitment and adequate
resources are needed to address the underlying social and economic
factors that increase the vulnerability of human populations to
infectious microbes.

Health Advice for International Travel

Christie M. Reed ® Stefanie Steele ® Jay S. Keystone

According to the World Tourism Organization (WTO), in 1999 an
estimated 80 million travelers from industrialized countries (US/Canada,
Europe, Japan, and Australia/New Zealand) visited developing areas
of the world, where the risk for infectious diseases, many of them vac-
cine-preventable, has increased.! Each year millions of U.S. citizens
travel internationally in search of exotic vacation destinations or to
conduct business, government, or humanitarian activities in remote
areas of the world. Studies show that 35-64% of short-term travelers
report some health impairment, usually caused by an infectious
agent.”* Although infectious diseases are the major contributors to
illness associated with travel, they account for only 1-4% of deaths
among travelers.> Cardiovascular disease and injuries are the most
frequent causes of death, accounting for approximately 50% and 22%
of deaths, respectively. While mortality due to cardiovascular disease
in adults is similar to that in non-travelers, deaths from injury, mostly
from motor vehicle accidents, drowning, and aircraft accidents, are
several times higher among travelers.®

Most travel-related illnesses are preventable by immunizations,
prophylactic medications, or pretravel health education. Included in
health education should be mention of the role of hand hygiene in
reducing the transmission of pathogenic organisms. If hand washing
with soap and water is not feasible and hands are not visibly soiled,
alcohol-based hand gels may be considered for use by travelers to
reduce travel-related infections. In a recent study, hand gels contain-
ing 60% alcohol were shown to reduce respiratory illness transmis-
sion in the home.”

Health recommendations for international travel are based pri-
marily on individual risk assessment and any requirements mandated
by public health authorities of the countries the traveler plans to visit.?
The risk for acquiring illness depends on the area of the world visited,
the length of stay, activities and location of travel within these areas,

Note: The findings and conclusions in this chapter are those of the authors and
do not necessarily represent the views of the Centers for Disease Control and
Prevention.
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