CHAPTER

| Foundations of
¥ Epidemiology

OBJECTIVES

After completing this chapter, you will be able to:

Define epidemiology.
Define descriptive epidemiology.
Define analytic epidemiology.

Identify selected activities performed in
epidemiology.

Explain the role of epidemiology in public health
practice and individual decision making.

Define epidemic, endemic, and pandemic.

Describe common source, propagated, and mixed
epidemics.

Describe why a standard case definition and
adequate levels of reporting are important in
epidemiologic investigations.

Describe disease transmission concepts.

Describe the epidemiology triangle for infectious
disease.

Describe selected models for chronic diseases and
behavioral disorders.

Define the three levels of prevention used in public
health and epidemiology.

Understand the basic vocabulary used in
epidemiology.

9781284094497_CHO1_PASS02.indd 1

02/11/15 6:40 PM




ublic health is concerned with threats

to the population’s health. Important

subfields of public health include epide-
miology, biostatistics, and health services. Epi-
demiology is commonly referred to as the
foundation of public health because it is a study
that aids our understanding of the nature,
extent, and cause of public health problems and
provides important information for improving
the health and social conditions of people. Epi-
demiology has a population focus in that epide-
miologic investigations are concerned with the
collective health of a group of individuals who
share one or more observable personal or obser-
vational characteristic. Geographic, social, fam-
ily (marriage, divorce), work and labor, and
economic factors may characterize populations.
In contrast, a clinician is concerned for the
health of an individual. The clinician focuses on
treating and caring for the patient, whereas
the epidemiologist focuses on identifying the
source or exposure of disease, disability or
death, the number of persons exposed, and the
potential for further spread. The clinician treats
the patient based on scientific knowledge, expe-
rience, and clinical judgment, whereas the epi-
demiologist uses descriptive and analytical
epidemiologic methods to provide information
that will ultimately help determine the appro-
priate public health action to control and pre-
vent the health problem.

Suppose you are experiencing fever, chills,
severe aches, and chest discomfort. Is this a
common cold or the flu (influenza)? Your phy-
sician can quickly distinguish between a cold
and the flu and provide the appropriate treat-
ment. In general, the onset of a cold is gradual,
but that of the flu is acute. Although a cold is
sometimes accompanied by fatigue, aches, and
fever, these symptoms are often present with
the flu. A sore throat, sneezing, or a stuffy nose
are common symptoms with a cold but are rare
with the flu. Standard treatment for the flu
includes antihistamines, decongestants, nonste-
roidal anti-inflammatories, extra rest, and extra
fluids. Antibiotics are useless in fighting the flu
virus, but antiviral and other medications may
be prescribed to improve patient comfort. On a
population level, the flu virus is highly infec-
tious, with the potential of affecting all popu-
lations; children younger than age 2, adults
older than 65, and individuals with chronic
health problems or weakened immune systems
are most vulnerable to the virus. Annual attack
rates for children, as well as estimated number
of cases of severe illness and deaths worldwide,
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are obtained through surveillance methods.
Each season flu vaccine contains antigens rep-
resenting three or four influenza virus strains,
and epidemiologists monitor the rate and the
effectiveness of the vaccine.

Epidemiology is the study of the distribution
and determinants of health-related states or
events in human populations and the applica-
tion of this study to the prevention and control
of health problems.! The word epidemiology is
based on the Greek words epi, a prefix meaning
“on, upon, or befall”; demos, a root meaning “the
people”; and logos, a suffix meaning “the study
of.” In accordance with medical terminology,
the suffix is read first and then the prefix and
the root. Thus, the word epidemiology taken
literally refers to the study of that which befalls
people. As such, epidemiology is commonly
referred to as the basic science or foundation of
public health.

Epidemiology involves sound methods of
scientific investigation. Epidemiologic investiga-
tions involve descriptive and analytic methods
that draw on statistical techniques for describing
data and evaluating hypotheses, biological prin-
ciples, and causal theory. Descriptive epidemiol-
ogy involves characterization of the distribution
of health-related states or events. Analytic epi-
demiology involves finding and quantifying
associations, testing hypotheses, and identifying
causes of health-related states or events.?

The study of the distribution of health-
related states or events involves identifying the
frequency and pattern of the public health prob-
lem among people in the population. Frequency
refers to the number of health-related states or
events and their relationship to the size of the
population. Typically, the number of cases or
deaths is more meaningful when considered in
reference to the size of the corresponding popu-
lation, especially when comparing risks of dis-
ease among groups. For example, despite
differences in population sizes across time or
among regions, meaningful comparisons can be
made of the burden of HIV/AIDS by using pro-
portions or percentages. In 2008, HIV preva-
lence was 7.8% in Kenya, 16.9% in South
Africa, and 25% in Botswana.?

Pattern refers to describing health-related
states or events by who is experiencing the
health-related state or event (person), where
the occurrence of the state or event is highest or
lowest (place), and when the state or event
occurs most or least (time). In other words,
epidemiologists are interested in identifying
the people involved and why these people
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are affected and not others, where the peo-
ple are affected and why in this place and not
others, and when the state or event occurred
and why at this time and not others.

For example, in 1981 the Centers for Dis-
ease Control and Prevention (CDC) reported
that five young men went to three different
hospitals in Los Angeles, California, with con-
firmed Pneumocystis carinii pneumonia. These
men were all identified as homosexuals.* On
July 27, 1982, this illness was called AIDS, and
in 1983, the Institute Pasteur in France found
the human immunodeficiency virus, which
causes AIDS.?

Identifying the determinants or causes of
health-related states or events is a primary
function of epidemiology. A cause is a specific
event, condition, or characteristic that pre-
cedes the health outcome and is necessary for
its occurrence. An adverse health outcome can
be prevented by eliminating the exposure. The
presence of a given exposure may be necessary
for a specific health outcome to occur, but it
alone may not be sufficient to cause the
adverse health outcome. For example, a moth-
er’s exposure to rubella virus (Rubivirus) is nec-
essary for rubella to occur, but exposure to
rubella virus is not sufficient to cause rubella
because not everyone infected develops the
disease.

Identifying causal associations is complex
and typically requires making a “judgment”
based on the totality of evidence, such as a valid
statistical association, time sequence of events,
biologic credibility, and consistency among
studies. A step toward understanding causation
is to identify relevant risk factors. A risk factor is
a behavior, environmental exposure, or inher-
ent human characteristic that is associated with
an important health condition.® In other words,
arisk factor is a condition that is associated with
the increased probability of a health-related
state or event. For example, smoking is a risk
factor for chronic diseases such as heart disease,
stroke, and several cancers (including cancers of
the oral cavity and pharynx, esophagus, pan-
creas, larynx, lung and bronchus, urinary blad-
der, kidney and renal pelvis, and cervix).”-1° A
risk factor is typically not sufficient to cause a
disease; other contributing factors, such as per-
sonal susceptibility, are also required before a
disease occurs.

The term “health-related states or events”
is used in the definition of epidemiology to cap-
ture the fact that epidemiology involves more
than just the study of disease (e.g., cholera,

influenza, and pneumonia); it also includes the
study of events (e.g., injury, drug abuse, and
suicide) and of behaviors and conditions associ-
ated with health (e.g., physical activity, nutri-
tion, seat belt use, and provision and use of
health services).

Epidemiology involves the study of the dis-
tribution and determinants of health-related
states or events in human populations, and also
the application of this study to prevent and con-
trol health problems. Results of epidemiologic
investigations can provide public health officials
with information related to who is at greatest
risk for disease, where the disease is most com-
mon, when the disease occurs most frequently,
and what public health programs might be most
effective. Such information may lead to more
efficient resource allocation and to more appro-
priate application of health programs designed
to educate the public and prevent and control
disease. Epidemiologic information can also
assist individuals in making informed decisions
about their health behavior.

Activities in Epidemiology

An epidemiologist studies the occurrence of dis-
ease or other health-related events in specified
populations, practices epidemiology, and con-
trols disease.! Epidemiologists may be involved
in a range of activities, such as:

¢ Identifying risk factors for disease, injury,
and death

¢ Describing the natural history of disease

¢ Identifying individuals and populations
at greatest risk for disease

e Identifying where the public health
problem is greatest

e Monitoring diseases and other health-
related events over time

e Evaluating the efficacy and effectiveness
of prevention and treatment programs

e Providing information that is useful in
health planning and decision making
for establishing health programs with
appropriate priorities

e Assisting in carrying out public health
programs

e Being a resource person

e Communicating public health information

The interdependence of these activities is
evident. For example, carrying out an interven-
tion program requires clearance from an insti-
tutional review board and often other
organizations and agencies. As is also the case

Activities in Epidemiology
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Table 1-1

1. Assessment

o |dentify wh

2. Cause

3. Clinical pictu
e |dentify wh

disease

4. Evaluate

for funding agencies, these groups require
quantifiable justification of needs and of the
likelihood of success. This presupposes that
the risk factors are known, that there is an
understanding of the natural history of the dis-
ease, that there are answers to the questions of
person, place, and time, and that there is evi-
dence of the probable success of the interven-
tion. Being a resource person in this process
requires a good understanding of the health
problem as it relates to the individual and com-
munity; the rationale and justification for inter-
vention, along with corresponding goals and
objectives; and an ability to communicate in a
clear and concise manner.'! All of this requires a
good understanding of epidemiologic methods.

In their professional work, the focus of epi-
demiologists may be on the environment, social
issues, mental health, infectious disease, cancer,
reproductive health, and so on. They are
employed by the appropriate health agencies at
all levels of local, state, and federal government.
They find careers in health care organizations,
private and voluntary health organizations,
hospitals, military organizations, private indus-
try, and academics.

Role of Epidemiology in Public Health
Practice

Epidemiologic information plays an important
role in meeting public health objectives aimed at
promoting physical, mental, and social well-
being in the population. These findings

» |dentify who is at greatest risk for experiencing the public health problem
¢ |dentify where the public health problem is greatest

en the public health problem is greatest

* Monitor potential exposures over time
¢ Monitor intervention-related health outcomes over time

 |dentify the primary agents associated with disease, disorders, or conditions
o |dentify the mode of transmission
* Combine laboratory evidence with epidemiologic findings

re
0 is susceptible to the disease

 |dentify the types of exposures capable of causing the disease
¢ Describe the pathologic changes that occur, the stage of subclinical disease, and the expected length of this subclinical phase of the

¢ |dentify the types of symptoms that characterize the disease
« |dentify probable outcomes (recovery, disability, or death) associated with different levels of the disease

« |dentify the efficacy of the public health program
* Measure the effectiveness of the public health program

contribute to preventing and controlling disease,
injury, disability, and death by providing infor-
mation that leads to informed public health pol-
icy and planning as well as to individual health
decision making. Some useful information pro-
vided to health policy officials and individuals
through epidemiology is listed in TABLE 1-1.

Public health assessment identifies if, where,
and when health problems occur and serves as a
guide to public health planning, policy making,
and resource allocation. The state of health of
the population should be compared with the
availability, effectiveness, and efficiency of cur-
rent health services. Most areas of the United
States have surveillance systems that monitor
the morbidity and mortality of the community
by person, place, and time. Public health surveil-
lance has been defined as the ongoing systematic
collection, analysis, interpretation, and dissemi-
nation of health data.!? Surveillance information
about disease epidemics, breakdowns in vaccina-
tion or prevention programs, and health dispari-
ties among special populations is important for
initiating and guiding action.

Identifying the determinants (or causes) of
health-related states or events is a central aim
in epidemiology in order to prevent and control
health problems. The connection between
human health and physical, chemical, biologi-
cal, social, and psychosocial factors is based on
conclusions about causality. Although we may
not be able to prove with certainty that a causal
association exists, the totality of evidence can
help us make informed decisions.

Epidemiologic Information Useful for Public Health Policy and Planning and Individual Decision Making

CHAPTER 1 Foundations of Epidemiology
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We know through epidemiologic research
that young children, older adults, pregnant
women, residents living in nursing homes or
long-term care facilities, and individuals with
chronic health problems or weakened immune
systems are at greatest risk for developing flu-
related complications. We also know that there
are three types of influenza viruses with sub-
types, the symptoms of flu, and that getting a flu
vaccine can protect against flu viruses that are
the same or related to the viruses in the
vaccine.

When evaluating a prevention or control
program, both the efficacy and the effectiveness
of the program should be considered. Although
these terms are related, they have distinct
meanings. Efficacy refers to the ability of a pro-
gram to produce a desired effect among those
who participate in the program compared with
those who do not.!? Effectiveness, on the other
hand, refers to the ability of a program to pro-
duce benetits among those who are offered the
program.!? For example, suppose a strict dietary
intervention program is designed to aid in the
recovery process of heart attack patients. If
those who comply with the program have much
better recoveries than those who do not, the
program is efficacious; however, if compliance
is low because of the amount, cost, and types of
foods involved in the program, for example, the
program is not effective. Similarly, a physical
activity program involving skiing could be effi-
cacious, but the cost of skiing and the technical
skills associated with it may make it ineffective
for the general public. Finally, it must be taken
into account that the administration of some
interventions might require the presence of
individuals with advanced medical training and
technically advanced equipment. In certain
communities, a lack of available health
resources may limit the availability of such pro-
grams, making them ineffective even though
they may be efficacious.

Epidemics, Endemics, and Pandemics

Historically, epidemiology was developed to
investigate epidemics of infectious disease. An
epidemic is the occurrence of cases of an illness,
specific health-related behavior, or other
health-related events clearly in excess of normal
expectancy in a community or region.! Public
health officials often use the term “outbreak”
synonymously with epidemic, but an outbreak
actually refers to an epidemic that is confined to
a localized area.® An epidemic may result from

exposure to a common source at a point in time
or through intermittent or continuous exposure
over days, weeks, or years. An epidemic may
also result from exposure propagated through a
gradual spread from host to host. It is possible
for an epidemic to originate from a common
source and then, by secondary spread, be com-
municated from person to person. The 2014
Ebola epidemic in West Africa gained world rec-
ognition as threats of it reaching pandemic lev-
els ensued.

A pandemic is an epidemic affecting or
attacking the population of an extensive region,
country, or continent.! Endemic refers to the
ongoing, usual, or constant presence of a dis-
ease in a community or among a group of peo-
ple; a disease is said to be endemic when it
continually prevails in a region.! For example,
although influenza follows a seasonal trend
with the highest number of cases in the winter
months, it is considered endemic if the pattern
is consistent from year to year.

Several epidemics of cholera have been
reported since the early 1800s. In 1816, an epi-
demic of cholera occurred in Bengal, India, and
then became pandemic as it spread across India,
extending as far as China and the Caspian Sea
before receding in 1826.!'% Other cholera epi-
demics that also became pandemic involved
Europe and North America (1829-1851), Russia
(1852-1860), Europe and Africa (1863-1875),
Europe and Russia (1899-1923), Indonesia, El
Tor, and Bangladesh (India), and the Union of
Soviet Socialist Republics (1961-1966).!* Exam-
ples of case reports of cholera, provided by John
Snow, along with descriptions of two cholera
epidemics investigated by Snow, are presented in
Case Study I: Snow on Cholera (Appendix I).

In the United States, cholera is now classi-
fied as an endemic disease. From 1992 to 1999,
the annual numbers of cases reported were 103,
25,39, 23,4, 6, 17, and 6, respectively.!> Other
examples of diseases classified now as endemic
in the United States include botulism, brucel-
losis, and plague.

Epidemics are often described by how they
spread through the population. Two primary
types of infectious-disease epidemics are com-
mon-source and propagated epidemics. Com-
mon-source epidemics arise from a specific
source, whereas propagated epidemics arise
from infections transmitted from one infected
person to another. Transmission can occur
through direct or indirect routes. Common-
source epidemics tend to result in cases occurring
more rapidly during the initial phase than do

Epidemics, Endemics, and Pandemics

9781284094497_CHO1_PASS02.indd 5

02/11/15 6:40 PM



[N'E'ﬁs‘nm

" Ebola Virus Disease

West Africa: The Largest Ebola Out-
break in History

In 2014, many Americans were on
high alert due to a small number
of cases—four to be exact—of the
Ebola virus disease (EVD) reported
in the United States. Once it was
confirmed that there were no lon-
ger any cases of EVD in the United
States, the hysteria subsided and
thoughts of the virus faded from
American minds. Although Ebola
had been eradicated in the United
States, it continued to have a dev-
astating effect on the people of West
Africa, particularly the countries of
Sierra Leone, Guinea, and Liberia.
The Zaire ebolavirus, the species of
Ebola virus responsible for this par-
ticular outbreak,? is infecting and
killing people at unprecedented
rates, making the West African 2014
Ebola outbreak the largest in the
history of the disease.

The Ebola virus disease (family
Filoviridae, genus Ebolavirus), for-
merly known as Ebola hemorrhagic
fever, was first discovered in the
Democratic Republic of the Congo
near the Ebola River in 1976, and
has since been causing periodic out-
breaks of Ebola in Africa.? In Africa,
it is thought that an outbreak starts
when a person comes into contact
with an infected wild fruit bat or
handles bushmeat.? The first person
to be infected with the virus (the
index case or “patient zero”) then
transmits the disease to other peo-
ple through person-to-person trans-
mission; this involves direct contact
with an infected person’s bodily
fluids (blood, urine, feces, saliva,

vomit, semen, or sweat’) and can
lead to an outbreak. After a person
has been exposed to the virus, the
individual will begin to experience
Ebola-related symptoms within 2 to
21 days; these symptoms include
fever, sore throat, diarrhea, weak-
ness, and muscle pain. As the disease
progresses, a person will experience
vomiting, abdominal pain, and unex-
plained hemorrhaging, which results
in death.®> Ebola has an average case
fatality rate of 50%, making it one of
the deadliest viruses known to man.!

The West African Ebola out-
break of 2014 was the worst Ebola
outbreak in the history of the virus;
as of July 2015, there have been a
total of 27,609 people infected and
11,261 deaths due to the Ebola virus
in West Africa>—more than in all of
the past Ebola outbreaks combined.
This outbreak was the worst in the
virus’s history because West Africa
possesses ideal conditions for the
virus to spread to a large number of
people in a short amount of time.
The first reason the West African
Ebola outbreak was much larger
than previous outbreaks in cen-
tral Africa is because it occurred in
a much more populated region of
the continent.? The outbreak origi-
nated in the West African country of
Guinea, and quickly spread to neigh-
boring countries, primarily Sierra
Leone and Liberia. These countries
are home to many large urban areas
and cities that are densely popu-
lated—conditions that allowed the
virus to spread faster and to more
people than in rural central Africa.
The second factor that contributed
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to the immense size of the West
African outbreak was the locals’ tra-
ditional burial practice of washing
the body of a deceased family mem-
ber before burial.? This practice is of
special concern regarding the trans-
mission of the virus because Ebola
is most communicable just after an
infected person has died, and those
who are washing the corpse will un-
doubtedly contract the disease. The
final factor that had a role in this
particular outbreak was the meager
public health infrastructure in West
African countries. There are fewer
than 10 doctors per 100,000 people
in West Africa>—not nearly enough
to tend to all those infected with
the virus and requiring treatment.
The hospitals located in this region
are not well equipped to deal with
a virus as lethal as the Ebola virus;
they do not possess the protective
equipment or the sanitation prac-
tices needed to control the virus’s
spread, and they often do not have
medications stocked at the hospital,
which places the responsibility of
finding and funding the medication
necessary for treatment on the
patient or the patient’s family.

I World Health Organization. Ebola virus
disease. . http://www.who.int/mediacentre/
factsheets/fs103/en/. Accessed July 8, 2015.

2 Horowitz, E. How the Ebola outbreak spun
out of control. BostonGlobe.com. October 8,
2014. https://www.bostonglobe.com/news/
world/2014/10/08/how-this-ebola-outbreak-
spun-out-control/b3Fea51110Rs4c0gjN36EM/
story.html. Accessed July 8, 2015.

3 Centers for Disease Control and Prevention.
Ebola (Ebola virus disease). http://www.cdc
.gov/vht/ebola/index.html. Accessed July 8,
2015.
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host-to-host epidemics. Identifying the common
source of exposure and removing it typically
causes the epidemic to abate rapidly. On the
other hand, host-to-host epidemics rise and fall
more slowly. Some examples of common-source
epidemic diseases are anthrax, traced to milk or
meat from infected animals; botulism, traced to
soil-contaminated food; and cholera, traced to
fecal contamination of food and water. Some
examples of propagated epidemic diseases are
tuberculosis, whooping cough, influenza, and
measles.

In some diseases, natural immunity or
death can decrease the susceptible population.
Resistance to the disease can also occur with
treatment or immunization, both of which
reduce susceptibility. Disease transmission is
usually a result of direct person-to-person con-
tact or of contact with a fomite or vector. Syphi-
lis and other sexually transmitted infections
(STIs) are examples of direct transmission. Hep-
atitis B and HIV/AIDS in needle-sharing drug
users are examples of vehicle-borne transmis-
sion. Malaria spread by mosquitoes is an exam-
ple of vector-borne transmission.

Some disease outbreaks may have both
common-source and propagated epidemic fea-
tures. A mixed epidemic occurs when victims of
a common-source epidemic have person-to-
person contact with others and spread the dis-
ease, resulting in a propagated outbreak. In
some cases, it is difficult to determine which
came first. During the mid-1980s, at the begin-
ning of the AIDS epidemic in San Francisco, HIV
spread rapidly in bathhouses. Homosexual men
had sexual contact before entering the bath-
houses, yet the bathhouses would be considered
the common source aspect of the epidemic, and
the person-to-person spread through sexual
intercourse would be the source of direct trans-
mission. Direct disease transmission from per-
son-to-person contact occurred in some
individuals before and after entering a bath-
house. The bathhouses (the common source)
were clearly a point for public health interven-
tion and control, so the bathhouses were closed
in an attempt to slow the epidemic.

Case Concepts in Epidemiology

When an epidemic is confirmed and the epide-
miology investigation begins, one activity of the
epidemiologist is to look for and examine cases
of the disease. A case is a person in a population
who has been identified as having a particular
disease, disorder, injury, or condition. A

standard set of criteria, or case definition,
ensures that cases are consistently diagnosed,
regardless of where or when they were identi-
fied and who diagnosed the case. Higher levels
of reporting ensure accurate representation of
the health problem; however, even low levels
of reporting can provide important information
as to the existence and potential problems of a
given health state or event. A clinical record of
an individual, or someone identified in a screen-
ing process, or from a survey of the population
or general data registry can also be an epidemio-
logic case. Thus, the epidemiologic definition of
a case is broader than the clinical definition
because a variety of criteria can be used to iden-
tify cases in epidemiology.

In an epidemic, the first disease case in the
population is the primary case. The first disease
case brought to the attention of the epidemiolo-
gistis the index case. The index case is not always
the primary case. Those persons who become
infected and ill after a disease has been intro-
duced into a population and who become
infected from contact with the primary case are
secondary cases. A suspect case is an individual
(or a group of individuals) who has all of the
signs and symptoms of a disease or condition yet
has not been diagnosed as having the disease, or
has the cause of the symptoms connected to a
suspected pathogen (i.e., any virus, bacteria, fun-
gus, or parasite).! For example, a cholera out-
break could be in progress, and a person could
have vomiting and diarrhea, symptoms consis-
tent with cholera. This is a suspect case as the
presence of cholera bacteria in the person’s body
has not been confirmed, and the disease has not
been definitely identified as cholera because it
could be one of the other gastrointestinal dis-
eases, such as salmonella food poisoning.

Because epidemics occur across time and in
different places, each case must be described in
exactly the same way each time to standardize
disease investigations. As cases occur in each
separate epidemic, they must be described and
diagnosed consistently—and with the same
diagnostic criteria—from case to case. When
standard disease diagnosis criteria are used by
all the people assisting in outbreak investiga-
tions, the epidemiologist can compare the num-
bers of cases of a disease that occur in one
outbreak (numbers of new cases in a certain
place and time) with those in different out-
breaks of the same disease (cases from different
epidemics in different places and times).
Computerized laboratory analysis that is
now available, even in remote communities,

Case Concepts in Epidemiology
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has enhanced the ability of those involved
to arrive at a case-specific definition. With
advanced computer-assisted support directly
and quickly available from the CDC, case defini-
tions of almost all diseases have become
extremely accurate and specific.

Different levels of diagnosis (suspect, proba-
ble, or confirmed) are generally used by the phy-
sician who is assisting in epidemic investigations.
As more information (such as laboratory results)
becomes available to the physician, the physician
generally upgrades the diagnosis. When all crite-
ria are met for the case definition, the case is clas-
sified as a confirmed case. If the case definition is
not matched, then the exposed person is labeled
“not a case,” and other possible diseases are con-
sidered until the case definition fits. Elaborate
diagnoses are not always needed in those epi-
demics in which obvious symptoms can be
quickly seen, such as measles and chicken pox.

If people become ill enough to require hos-
pitalization, the severity of the illness is of con-
cern. Case severity is found by looking at several
variables that are effective measures of it. One
such measure is the average length of stay in a
hospital. The longer the hospital stay, the
greater the severity of the illness. Subjectively,
severity is also measured by how disabling or
debilitating the illness is, the chances of recov-
ery, how long the person is ill, and how much
care the person needs.!*""?

The Epidemiology Triangle

When the colonists settled America, they intro-
duced smallpox to the Native Americans. Epi-
demics became rampant and entire tribes died
as a result. In the 1500s, the entire native popu-
lation of the island of Jamaica died when small-
pox was introduced. Poor sanitation and little
basic knowledge of disease, low levels of immu-
nity, various modes of transmission, and envi-
ronmental conditions all allowed such

Host
Impacts exposure
susceptibility and response

S N

Impacts

Environment

for exposure

Infectious Agent

>
Cause

opportunity

FIGURE 1-1

The triangle of epidemiology.
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epidemics to run wild and wipe out entire popu-
lations. A multitude of epidemiologic circum-
stances allowed such epidemics to happen. The
interrelatedness of four epidemiologic factors
often contributed to an outbreak of a disease:
(1) the role of the host; (2) the agent or disease-
causing organism; (3) the environmental cir-
cumstances needed for a disease to thrive,
survive, and spread; and (4) time-related issues.

The traditional triangle of epidemiology is
shown in FIGURE 1-1. This triangle is based on the
infectious disease model and is useful in show-
ing the interaction and interdependence of the
agent, host, environment, and time. The agent
is the cause of the disease; the host is a human
or an animal that is susceptible to the disease
(e.g., health care workers, patients, unvacci-
nated individuals); the environment includes
those surroundings and conditions external to
the human or animal that cause or allow disease
transmission; and time, which represents the
incubation period, life expectancy of the host or
the pathogen, and duration of the course of the
illness or condition.

Agents of infectious disease may be bacteria,
viruses, parasites, fungi, and molds. A host offers
subsistence and lodging for a pathogen and may
or may not develop the disease. The level of
immunity, genetic makeup, level of exposure,
state of health, and overall fitness of the host can
determine the effect a disease organism will have
on it. Host characteristics include age, sex, race,
genetic profile, immune status, occupation, and
previous diseases. Environment involves external
factors that influence the opportunity for disease
exposure or transmission (e.g., temperature,
humidity, housing, crowding, neighborhood,
sanitation, standing water, or health care setting).
The surroundings in which a pathogen lives and
the effect the surroundings have on it are a part
of the environment. Finally, time includes sever-
ity of illness in relation to how long a person is
infected or until the condition causes death or
passes the threshold of danger toward recovery.
Delays in time from infection to when symptoms
develop, duration of illness, and threshold of an
epidemic in a population are time elements with
which the epidemiologist is concerned.

In the epidemiologic triangle model of
infectious disease causation, the environment
allows the agent and host to interact. For exam-
ple, the environment may be a watery breeding
site conducive to mosquitoes. Mosquitoes are
capable of conveying disease-causing organisms
to human or animal hosts. A primary mission of
epidemiology is to influence the environment
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that brings together agent and host. One com-
mon approach is to spray the watery breeding
places (environment) of mosquitoes in an effort
to kill the vector of diseases such as malaria, St.
Louis encephalitis, and yellow fever.

Some Disease Transmission Concepts

Several disease transmission concepts that relate
to or influence the epidemiology triangle are
fomites, vectors, reservoirs, and carriers.

A fomite is an object such as a piece of cloth-
ing, a door handle, or a utensil that can harbor
an infectious agent and is capable of being a
means of transmission.! Fomites are common
routes of infection in hospital settings. Routes in
which pathogens are passed between people
may include a stethoscope, an IV drip tube, or a
catheter. Sterilization of these types of objects
can help prevent hospital-acquired infections.

A vector is an invertebrate animal (e.g.,
tick, mite, mosquito, bloodsucking fly) that
transmits infection by conveying the infectious
agent from one host to another.! A vector can
spread an infectious agent from an infected ani-
mal or human to other susceptible animals or
humans through its waste products, bite or
body fluids, or indirectly through food contami-
nation. A vector does not cause disease itself,
but it can be part of the infectious process.

Transmission may be either mechanical
(i.e., the agent does not multiply or undergo
physiologic changes in the vector) or biological
(i.e., the agent undergoes part of its life cycle
inside the vector before being transmitted to a
new host).

A reservoir is the habitat (living or nonliv-
ing) in or on which an infectious agent lives,
grows, multiplies, and on which it depends for
its survival in nature.!> Reservoirs are humans,
animals, or certain environmental conditions or
substances (e.g., food, feces, decaying organic
matter) that are conducive to the growth of
pathogens. Two types of human or animal res-
ervoirs are generally recognized: symptomatic
(ill) persons who have a disease and carriers
who are asymptomatic and can still transmit the
disease. As infectious organisms reproduce in
the reservoir, they do so in a manner that allows
disease to be transmitted to a susceptible host.
Humans often serve as both reservoir and host.

Zoonosis is an infectious organism in ver-
tebrate animals (e.g., rabies virus, bacillus
anthracis, Ebola virus, influenza virus) that can
be transmitted to humans through direct con-
tact, a fomite, or a vector. The World Health

Organization states that zoonoses are those dis-
eases and infections that can be naturally trans-
mitted between vertebrate animals and
humans.?° For example, the rabies virus is
transmitted from an infected animal (e.g., dog,
cat, skunk, raccoon, monkey, bat, coyote, wolf,
fox) to a human host through saliva by biting,
or through scratches.

A vehicle is a nonliving intermediary such
as a fomite, food, or water that conveys the
infectious agent from its reservoir to a suscep-
tible host.

A carrier contains, spreads, or harbors an
infectious organism. The infected person (or
animal) harboring the disease-producing organ-
ism often lacks discernible clinical manifestation
of the disease; nevertheless, the person or ani-
mal serves as a potential source of infection and
disease transmission to other humans (or ani-
mals). For example, rodents or coyotes are often
carriers of Bubonic plague. Fleas serve as vec-
tors in transmitting this disease to humans. The
carrier condition can exist throughout the entire
course of a disease if it is not treated, and its
presence may not be apparent because the car-
rier may not be sick (healthy carriers). Some
people can even be carriers for their entire lives.
An example of this is Mary Mallon (Typhoid
Mary), who was an asymptomatic carrier of the
pathogen typhoid bacilli. Unfortunately, she
worked as a cook, thereby contaminating the
food she prepared. She was responsible for 51
cases and 3 deaths. Had she lived in modern
times, antibiotics would have been effective
treatment for Mary Mallon.?!?2 Tuberculosis is
another example of a disease that is commonly
known to have carriers.

Carriers have been found to have several
different conditions or states. Traditionally, five
types of carriers have been identified by the
public health and medical fields:

1. Active carrier. Individual who has been
exposed to and harbors a disease-causing
organism (pathogen) and who has done
so for some time, even though the person
may have recovered from the disease.

2. Convalescent carrier. Individual who
harbors a pathogen and who, although
in the recovery phase of the course of
the disease, is still infectious.

3. Healthy carrier (also called passive carri-
ers). Individual who has been exposed
to and harbors a pathogen but has
not become ill or shown any of the
symptoms of the disease. This could be
referred to as a subclinical case.

Some Disease Transmission Concepts
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4. Incubatory carrier. Individual who has
been exposed to and harbors a pathogen,
is in the beginning stages of the disease,
is displaying symptoms, and has the abil-
ity to transmit the disease.

5. Intermittent carrier. Individual who has
been exposed to and harbors a pathogen
and who can spread the disease in dif-
ferent places or at different intervals.?**

Modes of Disease Transmission

Identifying the methods in which a disease is
transmitted allows for proper infection and con-
trol measures. The pathogens that cause disease
have specific transmission characteristics. The
two general modes of disease transmission
include direct transmission and indirect
transmission.

Direct transmission is the direct and imme-
diate transfer of an infectious agent from one
person to another. Direct transmission requires
physical contact between an infected host and a
susceptible person, and the physical transfer of
a pathogen. Examples include sexually trans-
mitted diseases (e.g., HIV/AIDS, Chlamydia,
Gonorrhea, Hepatitis B, Herpes simplex virus,
Herpes), perinatal mother-to-child transmission
(toxoplasmosis), and skin-to-skin (e.g., warts,
impetigo, athlete’s foot) transmission.

Indirect transmission occurs when an agent
is transferred or carried by some intermediate
item, organism, means, or process to a suscep-
tible host, resulting in disease. Air currents, dust
particles, water, food, oral-fecal contact, and
other mechanisms that effectively transfer dis-
ease-causing organisms are means of indirect
disease transmission. Airborne transmission
occurs when droplets or dust particles carry the
pathogen to the host and cause infection (e.g.,
respiratory viruses, pertussis, pneumococcal
pneumonia, diphtheria, rubella). This may
result when a person sneezes, coughs, or talks,
spraying microscopic pathogen-carrying drop-
lets into the air that can be breathed in by
nearby susceptible hosts. It also occurs when
droplets are carried through a building’s heating
or air-conditioning ducts or are spread by fans
throughout a building or complex of buildings.
Vector-borne transmission is when an arthropod
(e.g., mosquito, flea, tick, lice) conveys the
infection agent. It does not cause the disease
itself but is responsible for transmitting the
pathogen to a host. Vector-borne diseases
include malaria, viral encephalitis, and Lyme
disease. Vehicle-borne transmission is related to

CHAPTER 1 Foundations of Epidemiology

fomites, food, or water that acts as a convey-
ance. For example, this occurs when a pathogen
such as cholera or shigellosis is carried in drink-
ing water, swimming pools, streams, or lakes
used for swimming.

Some epidemiologists classify droplet
spread as direct transmission because it usually
takes place within a few feet of the susceptible
host. Logically, however, the droplets from a
sneeze or cough use the intermediary mecha-
nism of the droplet to carry the pathogen; thus,
it is an indirect transmission. This is also a form
of person-to-person transmission, and influenza
and the common cold are routinely spread this
way. Droplets can also be spread by air-moving
equipment and air-circulation processes (heat-
ing and air conditioning) within buildings,
which carry droplet-borne disease great dis-
tances, often to remote locations, causing ill-
ness. Such equipment has been implicated in
cases of tuberculosis and Legionnaires’ disease.

Some vector-borne disease transmission
processes are simple mechanical processes such
as when a pathogen spreads using a host (e.g.,
fly, flea, louse, rat) as a mechanism for a ride for
nourishment, or as part of a physical transfer
process. This is called mechanical transmission.
Biological transmission is when the pathogen
undergoes changes as part of its life cycle while
within the host/vector and before being trans-
mitted to the new host. Biological transmission
is easily seen in malaria when the female
Anopheles mosquito’s blood meal is required for
the Plasmodium protozoan parasite to complete
its sexual development cycle. This can only
occur with the ingested blood nutrients found in
the intestine of the Anopheles mosquito.

Chain of Infection

There is a close association between the tri-
angle of epidemiology and the chain of infec-
tion (FIGURE 1-2). Disease transmission occurs
when the pathogen leaves the reservoir (e.g.,
food, water, feces) through a portal of exit
(e.g., nose, mouth, rectum, urinary tract,
blood, other bodily fluids) and is spread by one
of several modes of transmission. The patho-
gen or disease-causing agent enters the body
through a portal of entry (e.g., mucous mem-
branes, wounds) and infects the host if the
host is susceptible.

Once a pathogen leaves its reservoir, it follows
its mode of transmission to a host, either by direct
transmission (person-to-person contact) or by
indirect transmission (airborne droplets or dust
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FIGURE 1-2 The chain of infection.

particles, vectors, fomites, and food). The final link
in the chain of infection is, thus, the susceptible
individual or host, usually a human or an animal.
The host is generally protected from invasion of
pathogens by the skin, mucous membranes, and
the body’s physiological responses (weeping of
mucous membranes to cleanse themselves, acidity
in the stomach, cilia in the respiratory tract,
coughing, and the natural response of the immune
system). If the pathogen is able to enter the host,
the result will most likely be illness if the host has
no immunity to the pathogen.

Individuals who are young, elderly, or who
have underlying chronic diseases such as diabe-
tes, asthma, have a weakened immune system,
or are experiencing malnutrition are more sus-
ceptible to disease. A weakened immune system
may be influenced by diet, exercise, stress, dis-
ease, and medications. Natural immunity can
come from genetic makeup; that is, some people
seem better able to resist disease than others.
Active immunity occurs when the body devel-
ops antibodies and antigens in response to a
pathogen invading the body. Passive immunity
comes from antibodies entering the body, such
as a baby through the placenta or from anti-
toxin or immune globulin injections.>

Other Models of Causation

The epidemiology triangle as used in a discus-
sion of infectious disease is basic and founda-
tional to all epidemiology; however, infectious
diseases are no longer the leading cause of death
in industrialized nations. In response, a more

advanced model of the triangle of epidemiology
has been proposed. This new model includes all
facets of the disease model. To make it more
relevant and useful with regard to today’s dis-
eases, conditions, disorders, defects, injuries,
and deaths, it also reflects the causes of current
illnesses and conditions. Behavior, lifestyle fac-
tors, environmental causes, ecologic elements,
physical factors, and chronic diseases must be
taken into account. FIGURE 1-3 presents the
adapted and advanced model of the triangle of
epidemiology. This better reflects the behavior,
lifestyle, and chronic disease issues found in
modern times.

The advanced model of the triangle of epi-
demiology, like the traditional epidemiology
triangle, is not comprehensive or complete;
however, it recognizes that disease states and
conditions affecting a population are complex
and that there are many causative factors. The
term “infectious agent” is replaced with caus-
ative factors, which implies the need to identify
multiple causes or etiologic factors of disease,
disability, injury, and death.

Another model that has been developed to
capture the multifactorial nature of causation
for many health-related states or events is Roth-
man’s causal pies.?> Assume the factors that
cause the adverse health outcome are pieces of
a pie, with the whole pie being required to
cause the health problem (FIGURE 1-4). The
health-related state or event may have more
than one sufficient cause, as illustrated in the
figure, with each sufficient cause consisting of
multiple contributing factors called component
causes. The different component causes include
the agent, host factors, and environmental

Group or Population
Age, gender, ethnicity, religion,
customs, occupation, heredity, marital
status, family background, previous
diseases

R

Environment
Behavior and culture,
physiological factors,

ecological factors

Causative Factors
Biological (infectious agents),
chemical (drugs, acids, alkali,
-«——> | heavy metals, poisons, some
enzymes), physical (excessive

heat, cold, noise, radiation,
collisions, injuries, etc.)

FIGURE 1-3 Advanced model of the triangle of epidemiology.

Other Models of Causation
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FIGURE 1-4 Three sufficient causes of an adverse health outcome.

factors. When a given component cause is
required in each of the different sufficient
causes, it is referred to as a necessary cause. In
Figure 1-4, the letter “A” represents a necessary
cause because it is included in each of the three
sufficient causes for the adverse health out-
come. Exposure to the rubivirus is necessary for
rubella-related birth defects to occur but is not
sufficient to cause birth defects. Component
causes that may be required to make a suffi-
cient cause may include a susceptible host who
is not immune and illness during the first few
months of pregnancy.

Prevention and control measures do not
require identifying every component of a suf-
ficient cause because the health problem can be
prevented by blocking any single component of
a sufficient cause.

The web of causation is a graphical, picto-
rial, or paradigmatic representation of complex
sets of events or conditions caused by an array
of activities connected to a common core or
common experience or event. It is an effective
approach for investigation chronic disease and
behaviorally founded causes of disease, disabil-
ity, injury, and death. The web of causation
shows the importance of looking for many
causes or an array of contributing factors to
various maladies.

Levels of Prevention

Three types of prevention have been established
in public health: primary prevention, secondary
prevention, and tertiary prevention.

B Primary Prevention

Primary prevention is preventing a disease or
disorder before it happens. Health promotion,
health education, and health protection are
three main facets of primary prevention.
Lifestyle changes, community health edu-
cation, school health education, good prenatal
care, good behavioral choices, proper nutrition,
and safe and healthy conditions at home,
school, and the workplace are all primary

CHAPTER 1 Foundations of Epidemiology

prevention activities. Fundamental public
health measures and activities such as sanita-
tion; infection control; immunizations; protec-
tion of food, milk, and water supplies;
environmental protection; and protection
against occupational hazards and accidents are
all basic to primary prevention.

Personal hygiene and public health mea-
sures have had a major impact on halting com-
municable disease epidemics. Immunizations,
infection control (e.g., hand washing), refrig-
eration of foods, garbage collection, solid and
liquid waste management, water supply pro-
tection and treatment, and general sanitation
have reduced infectious disease threats to
populations.

Because of successes in primary prevention
efforts directed at infectious diseases, noninfec-
tious diseases are now the main causes of death
in the United States and industrialized nations
(TABLE 1-2 and FIGURE 1-5).2¢27 The leading causes
of death today throughout the world vary
according to the income level of the country. In
2012, an estimated 56 million people died
worldwide, with noncommunicable diseases
explaining about 68% of all deaths (87% in
high-income countries, 81% in upper-middle-
income countries, 57 % in lower-middle-income
countries, and 37 % in low-income countries),
up from 60% in 2000.2% Cardiovascular dis-
eases, cancers, diabetes, and chronic lung dis-
eases are the most common noncommunicable
diseases. Common risk factors for these diseases
are environmental and behavior related (e.g.,
fine particulate matter in the air, smoking and
tobacco use, alcohol and substance abuse, poor
diet, and lack of physical fitness). Injuries were
responsible for 9% of all deaths and communi-
cable, maternal, neonatal and nutrition condi-
tions combined explained 23% of all deaths.?®
Prevention at its basic levels now has to be
behaviorally directed and lifestyle oriented.
Efforts at the primary prevention level have to
focus on influencing individual behavior and
protecting the environment. In the future, the
focus on treatment and health care by physi-
cians should be lessened and replaced with a
major effort in the area of primary prevention,
including adequate economic support for pre-
vention programs and activities.!¢-1?

Two related terms are active primary pre-
vention and passive primary prevention. Active
primary prevention requires behavior change
on the part of the individual (e.g., begin exer-
cising, stop smoking, reduce dietary fat intake).
Passive primary prevention does not require
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BE=1o) S B2N Leading Causes of Death in the United States in 1900, 2000, and 2010

1900 2000 2010
Pneumonia and influenza 11.8% Heart diseases 29.6% Heart diseases 24.1%
Tuberculosis 11.3% Cancer 23.0% Cancer 23.3%

Cerebrovascular diseases 5.2%

Chronic lower respiratory diseases 5.6%
Accidents 4.8%

Diabetes mellitus 2.8%

Pneumonia and influenza 2.0%
Alzheimer’s disease 3.4%

Nephritis 2.0%

Cerebrovascular diseases 7.0%

Chronic lower respiratory diseases 5.1%
Accidents 4.1%

Diabetes mellitus 2.9%

Pneumonia and influenza 2.7%
Alzheimer’s disease 2.1%

Nephritis 1.5%

Diarrhea, enteritis, ulcerations of the intestines 8.3%
Heart diseases 8.0%

Intracranial lesions of vascular origin 6.2%

Nepbhritis 5.2%

Accidents 4.2%

Cancer 3.7%

Senility 2.9%

Diphtheria 2.3%

Septicemia 1.3%

Intentional self-harm (suicide) 1.5%

National Center for Health Statistics.

behavior change on the part of the individual
(e.g., eating vitamin-enriched foods, drinking
fluoridated water).

B Secondary Prevention

Secondary prevention is aimed at the health
screening and detection activities used to iden-
tify disease. If pathogenicity (the ability to
cause disease) is discovered early, diagnosis and
early treatment can prevent conditions from

Data from Center for Disease Control and Prevention. Leading causes of disease, 1900-1998. http://www.cdc.gov/nchs/data/statab/lead1900_98.pdf.
Accessed May 10, 2005; and Centers for Disease Control and Prevention. US Mortality Public Use Data Tape, 2000. National Center for Health Statistics;
2002. US. Mortality Public Use Data Tape, 2000. National Center for Health Statistics; 2000. http://webapp.cdc.gov/sasweb/ncipc/leadcaus10.html. Accessed
September 12, 2005; and Murphy SL, Xu JQ, Kochanek KD. Deaths: Preliminary Data for 2010. National Vital Statistics Reports. 2012;60(4). Hyattsville, MD:

progressing and spreading within the popula-
tion and can stop or at least slow the progress
of disease, disability, disorders, or death.! Sec-
ondary prevention aims to block the progres-
sion of disease or prevent an injury from
developing into an impairment or disabil-
ity.1¢17.20 For example, early screen detection of
cancer may improve the effectiveness of treat-
ment and decrease disability or disorders asso-
ciated with the disease.

1000
40 States Have )
Health —~— Influenza Pandemic
Departments
800 {<—!
600 -
L Last Human-to-Human
© P
o Transmission of Plague
o0 -\t Cortues p| it use
of Chlorine in Water of Penicillin
in United States* l Salk Vaccine Passage of Vaccination
200 Introduced  Assistance Act
0 I I I I
1900 1920 1940 1960 1980 2000

Year

FIGURE 1-5 Crude death rates (per 100,000 person-years) for infectious diseases in the United
States, 1900-1996.

Reproduced from Achievements in Public Health, 1900-1999: Control of infectious diseases. MMWR

1999;48(29):621-629; Adapted from Armstrong GL, Conn LA, Pinner RW. Trends in infectious disease mortality in
the United States during the 20th century. JAMA 1999;281:61-66.

Levels of Prevention
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M Tertiary Prevention

The aim of the third level of prevention is to
retard or block the progression of a disability,
condition, or disorder in order to keep it from
advancing and requiring excessive care. Tertiary
prevention consists of limiting any disability by
providing rehabilitation when a disease, injury,
or disorder has already occurred and caused
damage. At this level, the goal is to help dis-
eased, disabled, or injured individuals avoid
wasteful use of health care services and not
become dependent on health care practitioners
and health care institutions. Prompt diagnosis
and treatment, followed by proper rehabilita-
tion and posttreatment recovery, proper patient
education, behavior changes, and lifestyle
changes are all necessary so that diseases or dis-
orders will not recur. At the very minimum, the
progression of the disease, disorder, or injury
needs to be slowed and checked.?**° For exam-
ple, tertiary prevention strategies for arthritis
may include self-management strategies (e.g.,
weight control, physical activity), rehabilitation
services (e.g., muscle strengthening, assistive
devices), psychosocial strategies (e.g., telephone
support interventions, cognitive behavioral
therapies), and medical and surgical treatment
(e.g., pain control, minimize joint damage).

Rehabilitation is any attempt to restore an
afflicted person to a useful, productive, and sat-
istying lifestyle. Its purpose is to promote the
highest quality of life possible, given the extent
of the disease and disability. Rehabilitation is
one component of tertiary prevention. Patient
education, aftercare, health counseling, and
some aspects of health promotion can play
important roles in rehabilitation.

Conclusion

Epidemiology is the foundation of public health
because of its important role in carrying out
three core public health functions: assessment
and monitoring the health of populations at risk
and identifying health problems and priorities,
identifying risk factors for health problems, and
providing a basis for predicting the effects of cer-
tain exposures. Epidemiology is the process of
describing and understanding public health
problems and of applying study findings in order
to better prevent and control these problems. In
turn, epidemiologic information is useful in
guiding policies and setting priorities designed to
solve public health problems, and for allocating
scarce health resources for preventing, protect-
ing, and promoting the public’s health.

EXERCISES

KEY TERMS

Define the following terms.

Active carrier

Active primary prevention
Agent

Airborne transmission
Analytic epidemiology
Biological transmission
Carrier

Case

Case definition

Case severity

Cause

Chain of infection
Common-source epidemic
Convalescent carrier
Descriptive epidemiology
Direct transmission

Endemic

Environment

Epidemic

Epidemiology

Fomite

Healthy carrier

Host

Incubatory carrier

Index case

Indirect transmission
Intermittent carrier
Mechanical transmission
Mixed epidemic

Modes of disease transmission
Pandemic

Passive carrier

Effectiveness Passive primary prevention
Efficacy Pathogen
14 CHAPTER 1 Foundations of Epidemiology

Portal of entry

Portal of exit

Primary case

Primary prevention
Propagated epidemic
Rehabilitation

Reservoir

Risk factor

Secondary case

Secondary prevention
Suspect case

Tertiary prevention

Time

Vector

Vector-borne transmission
Vehicle

Vehicle-borne transmission
Zoonosis
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10.

STUDY QUESTIONS

1.

The definition of epidemiology includes the terms
“distribution” and “determinants.” Describe the
meaning of these terms.

Epidemiology involves the study of more than just
infectious diseases. Explain.

Describe the chain of infection.

. List four types of epidemiologic information useful for

influencing public health policy and for planning indi-
vidual health decisions.

Define efficacy and effectiveness and provide exam-
ples of both.

In what ways does epidemiology play a foundational
role in public health?

Distinguish between a necessary cause and a sufficient
cause.
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