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General Directions and Course Information

Self-Study Course 3030-G

This course was developed by the Centers for Disease Control and Prevention (CDC) as a self-
study course. In order to receive CME/CEU credit or a certificate, you must be formally enrolled
with the CDC and successfully complete the course within six months. If you intend to complete
the course, including taking the final examination, please contact the CDC at 1-800-41 TRAIN to
request the application/enroliment package.

Study Materials

The course materials consist of six lessons with Self-assessment Quizzes.

A copy of Benenson’s Control of Communicable Diseases in Man, 15 ed., will be very useful as
a reference, since it clearly describes many diseases as to clinical nature, laboratory diagnosis,
occurrence, agent, reservoir, mode of transmission, incubation period, period of
communicability, susceptibility and resistance, as well as methods of prevention and control.
This text can be obtained from the following:

American Public Health Association
1015 Fifteenth Street NW
Washington, DC 20005

(202) 789-5600

(NOTE: Current price information available from publisher.)

A calculator with square root and logarithmic functions will be useful with some of the exercises.
Cost for supplementary materials with be the enrollee’s responsibility.



Course Design

This course covers basic epidemiology principles, concepts, and procedures. This course is
designed for federal, state, and local government health professionals and private sector health
professionals who are responsible for disease surveillance or investigation. The course consists of
study of the concepts, principles, and methods generally useful in the surveillance and
investigation of health-related states or events. A basic understanding of the practices of public
health and biostatistics is recommended.

Objectives

The following objectives are presented as a guide for the student as to the specific skills and/or
knowledge which should be acquired from careful reading and study of the assignments. The
objectives serve two purposes. They constitute an outline which initially conveys the major
points or target areas of the material to be studied. Then, after the lesson is completed, the
objectives serve as a review and check for the student, who can use them to determine if
sufficient gains have been made in skills and/or understanding.

It is important to note that the lesson itself should serve as an indication only of how well
concepts and terms have been grasped. It is incumbent upon the student to master as much of the
material as possible. While it is felt that the questions and objectives are comprehensive, they
cannot, because of obvious constraints, comprise an exhaustive treatment of the subjects
assigned.

Students who successfully complete this course should be able to correctly:

» Describe key features and applications of descriptive and analytic epidemiology.

» Calculate and interpret ratios, proportions, incidence rates, mortality rates, prevalence,
and years of potential life lost.

» Calculate and interpret mean, median, mode, ranges, variance, standard deviation, and
confidence interval.

» Prepare and apply tables, graphs, and charts such as arithmetic-scale line, scatter
diagram, pie chart, and box plot.

» Describe the processes, uses, and evaluation of public health surveillance.

» Describe the steps of an outbreak investigation.



General Directions to the Student

Self-study courses are “self-paced.” However, we recommend that a lesson be completed within
two weeks to insure continuity of thought, retention of knowledge, and maintenance of interest.

To get the most out of this course, establish a regular time and method of study. Research has
shown that these factors greatly influence learning ability.

Each lesson in the course consists of reading, exercises, and an examination. The examination
that accompanies each lesson is open-book and does not have to be completed at one sitting.

Reading Assignments

Complete the assigned reading before attempting to answer any questions. Reading assignments
by reference and inclusive pages are found in each lesson. Some answers to questions cannot be
pinpointed in the reference, and questions can only be answered by integrating information from
an entire lesson and/or previous lessons.

A casual reading of the reference can result in missing useful information which supports main
themes. Read thoroughly and reread for understanding as necessary.

Assignments are designed to cover one or two major subject areas. However, as you progress, it
is often necessary to combine previous learning to accomplish new skills. Review previous
assignments if you find continuity of ideas or procedures is lacking.

Lessons

After completing the reading assignment, answer the questions which you are certain that you
know. DO NOT GUESS. Remember, all lessons are OPEN-BOOK, so refer to the references
when you are unsure of the answer. When you consult the references, it is important that you find
not only an answer to a question, but also an understanding of the point being taught. To pass
each quiz you must answer at least 20 of the questions correctly; this indicates that you have a
sufficient level of comprehension to go to the next lesson. To correctly answer a question, you
must circle ALL of the correct choices for that question. The correct answers are provided in
Appendix J with explanations and reference page numbers. If you miss more than five questions,
you are probably not ready to continue with the next lesson. After passing all six lesson quizzes,
you should be prepared for the final examination. The completed lesson quizzes and exercises are
good study references for the final exam.

Vi



Exercises

Practice exercises and review exercises are included within each lesson to help you apply the
lesson content. Some exercises may be more applicable to your workplace and background than
others. You should review the answers to all exercises since the answers are very detailed.
Answers to the exercises can be found at the end of each lesson. Your answers to these exercises
are valuable study guides for the final examination.

Questions

Self-study lesson questions are objective and emphasize the main points taught. The key to
completing multiple-choice questions is careful reading of the questions. They are designed to
instruct, not to deceive. It is, however, incumbent upon the student to follow the instructions as
stated. Answers should be reviewed.

* Read the stem carefully. Note that the question may ask, “Which is CORRECT?” as
well as “Which is NOT CORRECT?” or “Which is the EXCEPTION?”

* Read all of the choices given. One choice may be a correct statement, but another
choice may be more nearly correct or complete for the question that is asked. Unless
otherwise noted, there is only ONE CORRECT answer.

» To answer multiple-choice questions, circle letter representing the answer which you
think is most correct.

You may keep the course materials and quiz sheets. They will be valuable study guides for the
final examination.

The questions are designed so that upon successful completion of each lesson, the student will
meet the criteria for the lessons. These criteria are delineated in the performance objectives given
at the beginning of each lesson. Use these objectives as a guide to the competencies which you
should achieve.

Students should score 80 percent or higher on all lessons. It is felt that this will demonstrate
comprehension and will facilitate success on future lessons and on the final examination.

We ask that the course materials and corrected answer sheets NOT BE REPRODUCED. We ask,
also, that the course materials and corrected answer sheets NOT BE DISTRIBUTED TO OTHER
PROSPECTIVE STUDENTS.

Vi



There are practical as well as ethical reasons for the above requests. Prior knowledge of answers
or lesson questions does not benefit a person taking the final examination, where knowledge and
skills must be demonstrated. Also, the lessons are revised periodically. Questions are revised,
question order is altered, and other changes are made which would make the out-of-date
materials useless or even harmful to another’s progress.

Final Examination and Course Evaluation

The final examination, evaluation, and answer sheets will be sent to you after the CDC Distance
Learning Program (DLP) receives the Request For Final Exam (RFE) Form. Students have 30
days to complete the final examination.

The final requirement for the course is an open-book examination. We recommend that you
thoroughly review the questions included with each lesson before completing the exam.

Lessons 2 and 3 in the workbook discuss applied biostatistics used in epidemiology. Some
students may not apply biostatistics in their work, and may feel that they do not need to learn all
the material on analytic statistics presented in the workbook. To accommodate these participants,
there is a new abbreviated option which reflects their need for less-intensive statistical study:

Lesson 2: Pages 73-91; 100-102; 116-117
Self-Assessment Quiz Questions 1-12 (Pages 136-138)
Lesson 3: Pages 145-163; 167-168; 173-179; 186-189
Self-Assessment Quiz Questions 1-8, 10, 12, 18-21, 23 (Pages 197-202)

The final exam will be structured so that students will select test questions relevant to the option
they selected.

For those officially enrolled in the CDC Distance Learning Program, a certificate of satisfactory
completion is awarded to each student who makes a score of at least 70% on the final
examination.

If you are taking this course under a CDC-approved Group Leader, other quiz or final
examination arrangements may be followed.

It is our sincere hope that you will find this undertaking to be a profitable and satisfying one. We
solicit your constructive criticism at all times and ask that you let us know whenever you have
problems or need assistance. We congratulate you on this endeavor, and we shall follow your
progress with keen interest.
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Education Units

This course is designed in accordance with the criteria and guidelines of the International
Association for Continuing Education and Training (IACET). CDC is accredited by IACET to
award Continuing Education Units (CEU) to non-academic students who successfully complete
the course as follows:

Option 1: For those who complete Lessons 2 and 3 in their entirety = 4.2

Option 2: For those who complete the designated portions of Lessons 2 and 3 =3.5
The credits provide a nationally recognized record of an individual’s continuing education
accomplishments. All students who score 70% or higher on the final examination are awarded
CDC’s certificate of successful completion; non-academic students also receive continuing
education credits.
The Centers for Disease Control and Prevention (CDC) is accredited by the Accreditation
Council for Continuing Medical Education to sponsor continuing medical education for
physicians. CDC designates this continuing medical education activity for the following credit
hours in Category 1 of the Physician’s Recognition Award of the American Medical Association:

Option 1: For those who complete Lessons 2 and 3 in their entirety = 42

Option 2: For those who complete the designated portions of Lessons 2 and 3 = 35



Lesson 1
Introduction to Epidemiology

Epidemiology is considered the basic science of public health, and with good reason.
Epidemiology is: a) a quantitative basic science built on a working knowledge of probability,
statistics, and sound research methods; b) a method of causal reasoning based on developing
and testing hypotheses pertaining to occurrence and prevention of morbidity and mortality; and
c) a tool for public health action to promote and protect the public’s health based on science,
causal reasoning, and a dose of practical common sense (2).

As a public health discipline, epidemiology is instilled with the spirit that epidemiologic
information should be used to promote and protect the public’s health. Hence, epidemiology
involves both science and public health practice. The term applied epidemiology is sometimes
used to describe the application or practice of epidemiology to address public health issues.
Examples of applied epidemiology include the following:

» the monitoring of reports of communicable diseases in the community

» the study of whether a particular dietary component influences your risk of developing
cancer

» evaluation of the effectiveness and impact of a cholesterol awareness program

» analysis of historical trends and current data to project future public health resource
needs

Objectives
After studying this lesson and answering the questions in the exercises, a student will be able
to do the following:

» Define epidemiology
» Summarize the historical evolution of epidemiology

» Describe the elements of a case definition and state the effect of changing the value of
any of the elements

» List the key features and uses of descriptive epidemiology

» List the key features and uses of analytic epidemiology

» List the three components of the epidemiologic triad

» List and describe primary applications of epidemiology in public health practice

« List and describe the different modes of transmission of communicable disease in a
population
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Introduction

The word epidemiology comes from the Greek words epi, meaning “on or upon,” demos,
meaning “people,” and logos, meaning “the study of.” Many definitions have been proposed, but
the following definition captures the underlying principles and the public health spirit of
epidemiology:

“Epidemiology is the study of the distribution and determinants of health-related
states or events in specified populations, and the application of this study to the control
of health problems.” (17)

This definition of epidemiology includes several terms which reflect some of the important
principles of the discipline. As you study this definition, refer to the description of these terms
below.

Study. Epidemiology is a scientific discipline, sometimes called “the basic science of public
health.” It has, at its foundation, sound methods of scientific inquiry.

Distribution. Epidemiology is concerned with the frequency and pattern of health events in a
population. Frequency includes not only the number of such events in a population, but also the
rate or risk of disease in the population. The rate (number of events divided by size of the
population) is critical to epidemiologists because it allows valid comparisons across different
populations.

Pattern refers to the occurrence of health-related events by time, place, and personal
characteristics.

« Time characteristics include annual occurrence, seasonal occurrence, and daily or even
hourly occurrence during an epidemic.

» Place characteristics include geographic variation, urban-rural differences, and location
of worksites or schools.

» Personal characteristics include demographic factors such as age, race, sex, marital
status, and socioeconomic status, as well as behaviors and environmental exposures.

This characterization of the distribution of health-related states or events is one broad aspect
of epidemiology called descriptive epidemiology. Descriptive epidemiology provides the What,
Who, When, and Where of health-related events. It is discussed in more detail beginning on page
16.

Determinants. Epidemiology is also used to search for causes and other factors that
influence the occurrence of health-related events. Analytic epidemiology attempts to provide the
Why and How of such events by comparing groups with different rates of disease occurrence and
with differences in demographic characteristics, genetic or immunologic make-up, behaviors,
environmental exposures, and other so-called potential risk factors. Under ideal circumstances,
epidemiologic findings provide sufficient evidence to direct swift and effective public health
control and prevention measures.
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Health-related states or events. Originally, epidemiology was concerned with epidemics of
communicable diseases. Then epidemiology was extended to endemic communicable diseases
and noncommunicable infectious diseases. More recently, epidemiologic methods have been
applied to chronic diseases, injuries, birth defects, maternal-child health, occupational health, and
environmental health. Now, even behaviors related to health and well-being (amount of exercise,
seat-belt use, etc.) are recognized as valid subjects for applying epidemiologic methods. In these
lessons we use the term “disease” to refer to the range of health-related states or events.

Specified populations. Although epidemiologists and physicians in clinical practice are both
concerned with disease and the control of disease, they differ greatly in how they view “the
patient.” Clinicians are concerned with the health of an individual; epidemiologists are
concerned with the collective health of the people in a community or other area. When faced
with a patient with diarrheal disease, for example, the clinician and the epidemiologist have
different responsibilities. Although both are interested in establishing the correct diagnosis, the
clinician usually focuses on treating and caring for the individual. The epidemiologist focuses on
the exposure (action or source that caused the illness), the number of other persons who may
have been similarly exposed, the potential for further spread in the community, and interventions
to prevent additional cases or recurrences.

Application. Epidemiology is more than “the study of.” As a discipline within public health,
epidemiology provides data for directing public health action. However, using epidemiologic
data is an art as well as a science. Consider again the medical model used above: To treat a
patient, a clinician must call upon experience and creativity as well as scientific knowledge.
Similarly, an epidemiologist uses the scientific methods of descriptive and analytic epidemiology
in “diagnosing” the health of a community, but also must call upon experience and creativity
when planning how to control and prevent disease in the community.
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Evolution

Although epidemiologic thinking has been traced from Hippocrates (circa 400 B.C.) through
Graunt (1662), Farr, Snow (both mid-1800’s), and others, the discipline did not blossom until the
end of the Second World War. The contributions of some of these early and more recent thinkers
are described below.

Hippocrates (circa 400 B.C.) attempted to explain disease occurrence from a rational instead
of a supernatural viewpoint. In his essay entitled “On Airs, Waters, and Places,” Hippocrates
suggested that environmental and host factors such as behaviors might influence the
development of disease.

Another early contributor to epidemiology was John Graunt, a London haberdasher who
published his landmark analysis of mortality data in 1662. He was the first to quantify patterns of
birth, death, and disease occurrence, noting male-female disparities, high infant mortality, urban-
rural differences, and seasonal variations. No one built upon Graunt’s work until the mid-1800’s,
when William Farr began to systematically collect and analyze Britain’s mortality statistics. Farr,
considered the father of modern vital statistics and surveillance, developed many of the basic
practices used today in vital statistics and disease classification. He extended the epidemiologic
analysis of morbidity and mortality data, looking at the effects of marital status, occupation, and
altitude. He also developed many epidemiologic concepts and techniques still in use today.

Meanwhile, an anesthesiologist named John Snow was conducting a series of investigations
in London that later earned him the title “the father of field epidemiology.” Twenty years before
the development of the microscope, Snow conducted studies of cholera outbreaks both to
discover the cause of disease and to prevent its recurrence. Because his work classically
illustrates the sequence from descriptive epidemiology to hypothesis generation to hypothesis
testing (analytic epidemiology) to application, we will consider two of his efforts in detail.

Snow conducted his classic study in 1854 when an epidemic of cholera developed in the
Golden Square of London. He began his investigation by determining where in this area persons
with cholera lived and worked. He then used this information to map the distribution of cases on
what epidemiologists call a spot map. His map in shown in Figure 1.1.

Because Snow believed that water was a source of infection for cholera, he marked the
location of water pumps on his spot map, and then looked for a relationship between the
distribution of cholera case households and the location of pumps. He noticed that more case
households clustered around Pump A, the Broad Street pump, than around Pump B or C, and he
concluded that the Broad Street pump was the most likely source of infection. Questioning
residents who lived near the other pumps, he found that they avoided Pump B because it was
grossly contaminated, and that Pump C was located too inconveniently for most residents of the
Golden Square area. From this information, it appeared to Snow that the Broad Street pump was
probably the primary source of water for most persons with cholera in the Golden Square area.
He realized, however, that it was too soon to draw that conclusion because the map showed no
cholera cases in a two-block area to the east of the Broad Street pump. Perhaps no one lived in
that area. Or perhaps the residents were somehow protected.
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Figure 1.1
Distribution of cholera cases in the Golden Square area
of London, August-September 1854

Upon investigating, Snow found that a brewery was located there and that it had a deep well
on the premises where brewery workers, who also lived in the area, got their water. In addition,
the brewery allotted workers a daily quota of malt liquor. Access to these uncontaminated rations
could explain why none of the brewery’s employees contracted cholera.

To confirm that the Broad Street pump was the source of the epidemic, Snow gathered
information on where persons with cholera had obtained their water. Consumption of water from
the Broad Street pump was the one common factor among the cholera patients. According to
legend, Snow removed the handle of that pump and aborted the outbreak.
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Figure 1.2
Water contaminated with deadly cholera flowed from the Broad Street pump

Figure not shown.
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Snow’s second major contribution involved another investigation of the same outbreak of
cholera that occurred in London in 1854. In a London epidemic in 1849, Snow had noted that
districts with the highest mortalities had water supplied by two companies: the Lambeth
Company and the Southwark and Vauxhall Company. At that time, both companies obtained
water from the Thames River, at intake points that were below London. In 1852, the Lambeth
Company moved their water works to above London, thus obtaining water that was free of
London sewage. When cholera returned to London in 1853, Snow realized the Lambeth
Company’s relocation of its intake point would allow him to compare districts that were supplied
with water from above London with districts that received water from below London. Table 1.1
shows what Snow found when he made that comparison for cholera mortality over a 7-week
period during the summer of 1854.

Table 1.1
Mortality from cholera in the districts of London
supplied by the Southwark and Vauxhall and the Lambeth Companies,
July 9-August 26, 1854

Cholera Death

Districts with Water Population Deaths from Rate per
Supplied by (1851 Census) Cholera 1,000 Population
Southwark and Vauxhall
Co. only 167,654 844 5.0
Lambeth Co. only 19,133 18 0.9
Both companies 300,149 652 2.2
Source: 27

The data in Table 1.1 show that the risk of death from cholera was more than 5 times higher
in districts served only by the Southwark and VVauxhall Company than in those served only by
the Lambeth Company. Interestingly, the mortality rate in districts supplied by both companies
fell between the rates for districts served exclusively by either company. These data were
consistent with the hypothesis that water obtained from the Thames below London was a source
of cholera. Alternatively, the populations supplied by the two companies may have differed on a
number of other factors which affected their risk of cholera.

To test his water supply hypothesis, Snow focused on the districts served by both companies,
because the households within a district were generally comparable except for water supply
company. In these districts, Snow identified the water supply company for every house in which
a death from cholera had occurred during the 7-week period. Table 1.2 shows his findings.

This further study added support to Snow’s hypothesis, and demonstrates the sequence of
steps used today to investigate outbreaks of disease. Based on a characterization of the cases and
population at risk by time, place, and person, Snow developed a testable hypothesis. He then
tested this hypothesis with a more rigorously designed study, ensuring that the groups to be
compared were comparable. After this study, efforts to control the epidemic were directed at
changing the location of the water intake of the Southwark and Vauxhall Company to avoid
sources of contamination. Thus, with no knowledge of the existence of microorganisms, Snow
demonstrated through epidemiologic studies that water could serve as a vehicle for transmitting
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Table 1.2
Mortality from cholera in London related to the water supply of
individual houses in districts served by both the Southwark and Vauxhall
Company and the Lambeth Company, July 9-August 26, 1854

Water Supply of Population Deaths from Death Rate per
Individual House (1851 Census) Cholera 1,000 Population
Southwark and
Vauxhall Co. 98,862 419 4.2
Lambeth Co. 154,615 80 0.5
Source: 27

cholera and that epidemiologic information could be used to direct prompt and appropriate
public health action.

In the mid- and late-1800’s, many others in Europe and the United States began to apply
epidemiologic methods to investigate disease occurrence. At that time, most investigators
focused on acute infectious diseases. In the 1900’s, epidemiologists extended their methods to
noninfectious diseases. The period since the Second World War has seen an explosion in the
development of research methods and the theoretical underpinnings of epidemiology, and in the
application of epidemiology to the entire range of health-related outcomes, behaviors, and even
knowledge and attitudes. The studies by Doll and Hill (13) linking smoking to lung cancer and
the study of cardiovascular disease among residents of Framingham, Massachusetts (12), are two
examples of how pioneering researchers have applied epidemiologic methods to chronic disease
since World War Il. Finally, during the 1960’s and early 1970’s health workers applied
epidemiologic methods to eradicate smallpox worldwide. This was an achievement in applied
epidemiology of unprecedented proportions.

Today, public health workers throughout the world accept and use epidemiology routinely.
Epidemiology is often practiced or used by non-epidemiologists to characterize the health of
their communities and to solve day-to-day problems. This landmark in the evolution of the
discipline is less dramatic than the eradication of smallpox, but it is no less important in
improving the health of people everywhere.
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Uses

Epidemiology and the information generated by epidemiologic methods have many uses.
These uses are categorized and described below.

Population or community health assessment. To set policy and plan programs, public
health officials must assess the health of the population or community they serve and must
determine whether health services are available, accessible, effective, and efficient. To do this,
they must find answers to many questions: What are the actual and potential health problems in
the community? Where are they? Who is at risk? Which problems are declining over time?
Which ones are increasing or have the potential to increase? How do these patterns relate to the
level and distribution of services available? The methods of descriptive and analytic
epidemiology provide ways to answer these and other questions. With answers provided through
the application of epidemiology, the officials can make informed decisions that will lead to
improved health for the population they serve.

Individual decisions. People may not realize that they use epidemiologic information in
their daily decisions. When they decide to stop smoking, take the stairs instead of the elevator,
order a salad instead of a cheeseburger with French fries, or choose one method of contraception
instead of another, they may be influenced, consciously or unconsciously, by epidemiologists’
assessment of risk. Since World War 11, epidemiologists have provided information related to all
those decisions. In the 1950’s, epidemiologists documented the increased risk of lung cancer
among smokers; in the 1960’s and 1970’s, epidemiologists noted a variety of benefits and risks
associated with different methods of birth control; in the mid-1980’s, epidemiologists identified
the increased risk of human immunodeficiency virus (HIV) infection associated with certain
sexual and drug-related behaviors; and, more positively, epidemiologists continue to document
the role of exercise and proper diet in reducing the risk of heart disease. These and hundreds of
other epidemiologic findings are directly relevant to the choices that people make every day,
choices that affect their health over a lifetime.

Completing the clinical picture. When studying a disease outbreak, epidemiologists depend
on clinical physicians and laboratory scientists for the proper diagnosis of individual patients.
But epidemiologists also contribute to physicians’ understanding of the clinical picture and
natural history of disease. For example, in late 1989 three patients in New Mexico were
diagnosed as having myalgias (severe muscle pains in chest or abdomen) and unexplained
eosinophilia (an increase in the number of one type of white blood cell). Their physician could
not identify the cause of their symptoms, or put a name to the disorder. Epidemiologists began
looking for other cases with similar symptoms, and within weeks had found enough additional
cases of eosinophilia-myalgia syndrome to describe the illness, its complications, and its rate of
mortality. Similarly, epidemiologists have documented the course of HIV infection, from the
initial exposure to the development of a wide variety of clinical syndromes that include acquired
immunodeficiency syndrome (AIDS). They have also documented the numerous conditions that
are associated with cigarette smoking—from pulmonary and heart disease to lung and cervical
cancer.
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Search for causes. Much of epidemiologic research is devoted to a search for causes, factors
which influence one’s risk of disease. Sometimes this is an academic pursuit, but more often the
goal is to identify a cause so that appropriate public health action might be taken. It has been said
that epidemiology can never prove a causal relationship between an exposure and a disease.
Nevertheless, epidemiology often provides enough information to support effective action.
Examples include John Snow’s removal of the pump handle and the withdrawal of a specific
brand of tampon that was linked by epidemiologists to toxic shock syndrome. Just as often,
epidemiology and laboratory science converge to provide the evidence needed to establish
causation. For example, a team of epidemiologists were able to identify a variety of risk factors
during an outbreak of a pneumonia among persons attending the American Legion Convention in
Philadelphia in 1976. However, the outbreak was not “solved” until the Legionnaires’ bacillus
was identified in the laboratory almost 6 months later.
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Exercise 1.1

In the early 1980’s, epidemiologists recognized that AIDS occurred most frequently in men who
had sex with men and in intravenous drug users.

Describe how this information might be used for each of the following:

a. Population or community health assessment

b. Individual decisions

c. Search for causes

Answers on page 62.
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The Epidemiologic Approach

Like a newspaper reporter, an epidemiologist determines What, When, Where, Who, and
Why. However, the epidemiologist is more likely to describe these concepts in slightly different
terms: case definition, time, place, person, and causes.

Case Definition

A case definition is a set of standard criteria for deciding whether a person has a particular
disease or other health-related condition. By using a standard case definition we ensure that
every case is diagnosed in the same way, regardless of when or where it occurred, or who
identified it. We can then compare the number of cases of the disease that occurred in one time
or place with the number that occurred at another time or another place. For example, with a
standard case definition, we can compare the number of cases of hepatitis A that occurred in
New York City in 1991 with the number that occurred there in 1990. Or we can compare the
number of cases that occurred in New York in 1991 with the number that occurred in San
Francisco in 1991. With a standard case definition, when we find a difference in disease
occurrence, we know it is likely to be a real difference rather than the result of differences in
how cases were diagnosed.

Appendix C shows case definitions for several diseases of public health importance. A case
definition consists of clinical criteria and, sometimes, limitations on time, place, and person. The
clinical criteria usually include confirmatory laboratory tests, if available, or combinations of
symptoms (subjective complaints), signs (objective physical findings), and other findings. For
example, on page 13 see the case definition for rabies that has been excerpted from Appendix C;
notice that it requires laboratory confirmation.

Compare this with the case definition for Kawasaki syndrome provided in Exercise 1.3 (page
15). Kawasaki syndrome is a childhood illness with fever and rash that has no known cause and
no specifically distinctive laboratory findings. Notice that its case definition is based on the
presence of fever, at least four of five specified clinical findings, and the lack of a more
reasonable explanation.

A case definition may have several sets of criteria, depending on how certain the diagnosis is.
For example, during an outbreak of measles, we might classify a person with a fever and rash as
having a suspect, probable, or confirmed case of measles, depending on what additional evidence
of measles was present. In other situations, we temporarily classify a case as suspect or probable
until laboratory results are available. When we receive the laboratory report, we then reclassify
the case as either confirmed or “not a case,” depending on the lab results. In the midst of a large
outbreak of a disease caused by a known agent, we may permanently classify some cases as
suspect or probable, because it is unnecessary and wasteful to run laboratory tests on every
patient with a consistent clinical picture and a history of exposure (e.g., chickenpox). Case
definitions should not rely on laboratory culture results alone, since organisms are sometimes
present without causing disease.
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Case definitions may also vary according to the purpose for classifying the occurrences of a
disease. For example, health officials need to know as soon as possible if anyone has symptoms
of plague or foodborne botulism so that they can begin planning what actions to take. For such
rare but potentially severe communicable diseases, where it is important to identify every
possible case, health officials use a sensitive, or “loose” case definition. On the other hand,
investigators of the causes of a disease outbreak want to be certain that any person included in
the investigation really had the disease. The investigator will prefer a specific or “strict” case
definition. For instance, in an outbreak of Salmonella agona, the investigators would be more
likely to identify the source of the infection if they included only persons who were confirmed to
have been infected with that organism, rather than including anyone with acute diarrhea, because
some persons may have had diarrhea from a different cause. In this setting, the only disadvantage
of a strict case definition is an underestimate of the total number of cases.

Rabies, Human
Clinical description

Rabies is an acute encephalomyelitis that almost always progresses to coma or death within 10
days of the first symptom.

Laboratory criteria for diagnosis
» Detection by direct fluorescent antibody of viral antigens in a clinical specimen (preferably the
brain or the nerves surrounding hair follicles in the nape of the neck), or
» Isolation (in cell culture or in a laboratory animal) of rabies virus from saliva, cerebrospinal
fluid (CSF), or central nervous system tissue, or
» Identification of a rabies-neutralizing antibody titer greater than or equal to 5 (complete
neutralization) in the serum or CSF of an unvaccinated person
Case classification
Confirmed: a clinically compatible illness that is laboratory confirmed
Comment
Laboratory confirmation by all of the above methods is strongly recommended.

Source: 3
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Exercise 1.2

In the case definition for an apparent outbreak of trichinosis, investigators used the following
classifications:

Clinical criteria
Confirmed case: signs and symptoms plus laboratory confirmation

Probable case: acute onset of at least three of the following four features: myalgia, fever,
facial edema, or eosinophil count greater than 500/mm?®

Possible case: acute onset of two of the four features plus a physician diagnosis of trichinosis
Suspect case: unexplained eosinophilia
Not a case: failure to fulfill the criteria for a confirmed, probable, possible, or suspect case

Time
Onset after October 26, 1991

Place
Metropolitan Atlanta

Person
Any

Assign the appropriate classification to each of the persons included in the line listing below.
(All were residents of Atlanta with acute onset of symptoms in November.)

ID Last facial eosinophil Physician Lab

# name myalgia fever edema count diagnosis confirm  Classification
1  Abels yes yes no 495 trichinosis N —

2 Baker yes yes yes pending trichinosis ?  pending ~  -----------e-

3  Corey yes yes no 1,100 trichinosis pending =~ --mmmm-ee-

4  Dale yes no no 2,050 EMS ? pending =~ ------------

5 Ring yes no no 600 trichinosis (0101800 (0181 R —

Answers on page 62.
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Exercise 1.3

The following is the official case definition for Kawasaki syndrome that is recommended by
CDC:

Kawasaki Syndrome
Clinical case definition
A febrile illness of greater than or equal to 5 days’ duration, with at least four of the five following
physical findings and no other more reasonable explanation for the observed clinical findings:
< Bilateral conjunctival injection
e Oral changes (erythema of lips or oropharynx, strawberry tongue, or fissuring of the lips)
«  Peripheral extremity changes (edema, erythema, or generalized or periungual desquamation)
* Rash
e Cervical lymphadenopathy (at least one lymph node greater than or equal to 1.5 cm in
diameter)
Laboratory criteria for diagnosis
None
Case classification
Confirmed: a case that meets the clinical case definition
Comment
If fever disappears after intravenous gamma globulin therapy is started, fever may be of less than
5 days’ duration, and the clinical case definition may still be met.

Source: 3

Discuss the pros and cons of this case definition for the purposes listed below. (For a brief
description of Kawasaki syndrome, see Benenson’s Control of Communicable Diseases in Man).

a. diagnosing and treating individual patients

b. tracking the occurrence of the disease for public health records

c. doing research to identify the cause of the disease

Answers on page 63.
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Numbers and Rates

A basic task of a health department is counting cases in order to measure and describe
morbidity. When physicians diagnose a case of a reportable disease they send a report of the case
to their local health department. These reports are legally required to contain information on time
(when the case occurred), place (where the patient lived), and person (the age, race, and sex of
the patient). The health department combines the reports and summarizes the information by
time, place, and person. From these summaries, the health department determines the extent and
patterns of disease occurrence in the area, and identifies clusters or outbreaks of disease.

A simple count of cases, however, does not provide all the information a health department
needs. To compare the occurrence of a disease at different locations or during different times, a
health department converts the case counts into rates, which relate the number of cases to the
size of the population where they occurred.

Rates are useful in many ways. With rates, the health department can identify groups in the
community with an elevated risk of disease. These so-called high-risk groups can be further
assessed and targeted for special intervention; the groups can be studied to identify risk factors
that are related to the occurrence of disease. Individuals can use knowledge of these risk factors
to guide their decisions about behaviors that influence health. (Lesson 2 discusses rates in more
detail.)

Descriptive Epidemiology
In descriptive epidemiology, we organize and summarize data according to time, place, and
person. These three characteristics are sometimes called the epidemiologic variables.

Compiling and analyzing data by time, place, and person is desirable for several reasons.
First, the investigator becomes intimately familiar with the data and with the extent of the public
health problem being investigated. Second, this provides a detailed description of the health of a
population that is easily communicated. Third, such analysis identifies the populations that are at
greatest risk of acquiring a particular disease. This information provides important clues to the
causes of the disease, and these clues can be turned into testable hypotheses.

Time

Disease rates change over time. Some of these changes occur regularly and can be predicted.
For example, the seasonal increase of influenza cases with the onset of cold weather is a pattern
that is familiar to everyone. By knowing when flu outbreaks will occur, health departments can
time their flu shot campaigns effectively. Other disease rates make unpredictable changes. By
examining events that precede a disease rate increase or decrease, we may identify causes and
appropriate actions to control or prevent further occurrence of the disease.

We usually show time data as a graph. We put the number or rate of cases or deaths on the
vertical, y-axis; we put the time periods along the horizontal, x-axis. We often indicate on a
graph when events occurred that we believe are related to the particular health problem described
in the graph. For example, we may indicate the period of exposure or the date control measures
were implemented. Such a graph provides a simple visual depiction of the relative size of a
problem, its past trend and potential future course, as well as how other events may have affected
the problem. Studying such a graph often gives us insights into what may have caused the
problem.
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Depending on what event we are describing, we may be interested in a period of years or
decades, or we may limit the period to days, weeks, or months when the number of cases
reported is greater than normal (an epidemic period). For some conditions—for many chronic
diseases, for example—we are interested in long-term changes in the number of cases or rate of
the condition. For other conditions, we may find it more revealing to look at the occurrence of
the condition by season, month, day of the week, or even time of day. For a newly recognized
problem, we need to assess the occurrence of the problem over time in a variety of ways until we
discover the most appropriate and revealing time period to use. Some of the common types of
time-related graphs are further described below.

Secular (long-term) trends. Graphing the annual cases or rate of a disease over a period of
years shows long-term or secular trends in the occurrence of the disease. We commonly use
these trends to suggest or predict the future incidence of a disease. We also use them in some
instances to evaluate programs or policy decisions, or to suggest what caused an increase or
decrease in the occurrence of a disease, particularly if the graph indicates when related events
took place, as Figure 1.3 does. (NOTE: If you have difficulty understanding the graphs in this
lesson, refer to Lesson 4 for information on Tables, Graphs, and Charts.)

Seasonality. By graphing the occurrence of a disease by week or month over the course of a
year or more we can show its seasonal pattern, if any. Some diseases are known to have
characteristic seasonal distributions; for example, as mentioned earlier, the number of reported
cases of influenza typically increases in winter. Seasonal patterns may suggest hypotheses about
how the infection is transmitted, what behavioral factors increase risk, and other possible
contributors to the disease or condition. The seasonal pattern of farm tractor fatalities is shown in
Figure 1.4. What factors might contribute to its seasonal pattern?

Notice that Figure 1.5 shows the occurrence of a disease event over the course of a year.
Before reading further, examine the pattern of cases in this graph and decide whether you can
conclude from this graph that the disease will have this same pattern every year.

From only the single year’s data in Figure 1.5, it is difficult to conclude whether the peak in
June represents a characteristic seasonal pattern that would be repeated yearly, or whether it is
simply an epidemic that occurred in the spring and summer of that particular year. You would
need more than one year’s data before you could conclude that the pattern shown the