Basic Infectious Disease Concepts in Epidemiology
Transcript

Introduction

Hello, my name is John Kobayashi. I’'m on the Clinical
Faculty at the Northwest Center for Public Health Practice
at the School of Public Health and Community Medicine
at the University of Washington in Seattle. From 1982 to @
2001, | was the State Epidemiologist for Communicable

Diseases at the Washington State Department of Health.

John Kobayashi, MD, MPH

w Northwest Center for Public Health Practice www.nwcphp.org

Module Objectives

By the end of this course, you should be able to: Module Objectives @

* Define key concepts of infectious disease
epidemiology,

By the end of this course, you should be able to:
« Define key concepts of infectious disease
* Explain the relationship of an infectious agent to its epidemiology

. « Explain the relationship of an infectious agent
hOSt and the envwonment, to its host and the environment

* Describe different modes of transmission, + Describe different modes of transmission

* Understand how common infectious agents are classi- " JnderstaRd ow common infectious agents
ﬁed/ and « Describe the role of vaccination and other control

¢ Describe the role of vaccination and other control measures in preventing disease spread
measures in preventing disease spread. O

Control of Infectious Diseases

Control of Infectious Diseases .
Over the years, great progress has been made in control-

ling infectious diseases, outbreaks, and epidemics. World-Wide Smallpox Endermic Areas, 1955
However, it's easy to forget that only 50 years ago small-
pox, for example, was continuously (or endemically) pres-
ent in many parts of the world.

Infectious diseases still accounts for the leading cause

25% (14.9 million)
deaths are directly
attributable to
infectious diseases.

Recently, there

of deaths worldwide, with an estimated 25% (14.9 fergm"zg;’;"
million) deaths directly attributable each year to infec- T cncemicnens. s - diseases.

Source: WHO

tious diseases. Furthermore, in recent years, the world ap adapte rom GG
has experienced many newly emerging and reemerging

diseases. Infectious diseases have a devastating impact on
human suffering, as well as severe social and economic consequences.

W Northwest Center for Public Health Practice Tuemennrnnnne—es—e-——-—rrr> ronn\oonno.....n.n.n-viiinrnn". | =



W Northwest Center for Public Health Practice

Basic Infectious Disease Concepts in Epidemiology

Transcript

What Is Epidemiology?

One public health tool to investigate these problems is
epidemiology. Epidemiology is the study of the distribu-
tion and determinants of diseases and conditions. The
problems that can be studied by epidemiology range from
infectious to non-infectious diseases (such as cancers,
strokes, and heart disease) to injuries and risky behaviors
(such as drug abuse or smoking).

Generally, epidemiologic studies are investigations with
an ecologic perspective. Rather than focusing on individu-
als, people are viewed in groups, and investigated in the
context of the environment or communities where they

What Is Epidemiology? .

The study of the distribution and determinants
of diseases and conditions

Investigations with an ecologic perspective

epi = upon
demos = people
logos = study of

L.

live. This ecologic approach is reflected in the origin of the word “epidemiology,”
from the ancient Greek words: Epi meaning upon, demos meaning people, and

logos meaning study of.

Infectious Disease Epidemiology

In epidemiology, we study the occurrence of disease in
a population. With infectious diseases, we try to identify
the causative agent and to understand the relationship
between an agent, the host, and the environment. This
is to understand where agents originate, how they are
spread in a population, and how to prevent or control that
spread.

Investigations are initially performed through descrip-
tive epidemiology, which studies the disease in terms of
person, place, and time. | will discuss these terms, along
with surveillance and outbreak investigation, in further
detail later.

Epidemiologic Triangle

We can think about infectious diseases as a relationship
between the agent, or microscopic organism causing the
disease, a susceptible person, or host, and the environ-
ment that brings the host and the agent together. As we
study a disease, we are concerned with how the agent
invades, leaves, and is transmitted between hosts. If we
know how the disease is spread or the mode of transmis-
sion, then we can identify ways to halt or reduce spread.

Infectious Disease Epidemiology .

Goals of infectious disease epidemiology:
« Identify and describe the causative agent

« Understand the relationship between the infectious
agent, a host, and the environment

« Interrupt disease transmission to prevent control
or spread

Methods:

« Describes the disease in terms of person, place,
and time

« Disease surveillance and outbreak investigation

G-

Epidemiologic Triangle .

Agent

Host Environment

Adapted from Principles of Epi Self-Study Course — CDC and
Epidemiology and Control of Infectious Disease
=
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Agent

The agent is an infectious microorganism, such as a virus

or a parasite, that must be present for the disease to occur.

These organisms may be passed from person to person, or
they can be acquired from the environment through vari-
ous modes of transmission. The modes can be direct or
indirect. Certain agent characteristics influence how these
organisms are passed from person to person or from the
environment.

Agent Characteristics that Influence
Transmission

Once we have established the mode of transmission of an
agent, we can study factors that enhance or reduce the
organism’s likelihood of transfer to a host. These include:
its ability to live outside the host, to survive in unfavorable
environments, or by shifting antigenicity, or the ability to
induce an immune response.

Agents by Classification

This chart shows a classification of agents and some
diseases they cause. Some, like pertusssis and measles,
only affect humans. Others are zoonoses, or diseases
affecting both animals and humans. These include plague,
anthrax, and salmonellosis. While many are transmit-
ted from one person to another, some, like dengue and
malaria are transmitted through mosquitoes.

One fungus causes coccidiodomycosis, frequently
involving fever and a respiratory illness and sometimes
a chronic illness resembling tuberculosis. This fungus
normally lives in the soil in certain parts of the world,
such as the southwestern United States, and is transmitted
through inhaling contaminated dust.

Agent .

Microorganism must be

. . Agent
present for infection to occur.

Modes of transmission:
« Direct

« Indirect

Host Environment

Agent characteristics influence transmission.

L.

Agent Characteristics that Influence
Transmission

&

Ability to live outside host
Ability to survive in unfavorable environments

Ability to shift or change antigenicity

O

Agents by Classification .

Classification Disease

Bacteria Tuberculosis, Plague, Pertussis, Anthrax,
Salmonellosis

Viruses Dengue Fever, Influenza, Measles

Fungi Coccidioidomycosis

Protozoans Malaria, Giardiasis

Prions Bovine Spongiform Encephalopathy (BSE),

Creutzfeldt-Jacob Disease (CJD)

EA N
SE WY

Prions are transmissible agents that are able to cause abnormal folding of normal
cellular proteins in the brain. These cause progressive diseases of the brain in a
variety of animals and humans. These include Bovine Spongiform Encephalopathy
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or BSE, commonly known as “Mad Cow Disease.” It also includes Creutzfeldt-Jacob
Disease (CJD), a rare neurological disease, which occurs worldwide in about one of
one million people per year. An even more rare disease in humans, called variant

CJD, is related to BSE.

Host Factors

Host factors refer to the risk of exposure because of some
behavior or other individual characteristic, or how suscep-
tible that person will be once exposure occurs. These char-
acteristics may be either biologic, behavioral, or sociode-
mographic and include characteristics such as genetic
susceptibility, immunologic status, age, socioeconomic
status, and other behavioral characteristics (such as eating
habits).

Environment

Environmental factors are also important in determin-

ing the risk of infection. These factors influence contact
between humans and the physical, biological, and socio-
economic worlds. These external variables include: the
geology, climate, and physical surroundings, such as hospi-
tals or nursing homes. Besides other humans, this involves
contact with, plants, animals, and arthropod vectors, such
as mosquitoes, which transmit malaria. Socioeconomic
factors include occupation, population displacement (such
as with refugees), or urbanization. Disasters can be consid-
ered as an environmental factor that makes disease spread
more likely.

Interactive Exercise 1

Modes of Transmission

When an agent is transmitted between hosts or from

a host to the environment, the type of spread can be
divided into two categories: horizontal or vertical transmis-
sion. Horizontal transmission can be either direct, through
close personal contact, or indirect, through fomites or
vectors. Fomites are inanimate objects contaminated with
some microorganism. These may be contaminated trans-
fusion products or injections, contaminated food, water,

Host Factors .

Influence risk or susceptibility of contracting a
disease

May be biologic, behavioral, and sociodemographic,
such as:
Agent

» Genetic susceptibility

¢ Immunity

* Age

* Socioeconomic status
Host

« Eating habits Environment

5

Environment .

Interacts with the agent and host, affecting the opportunity for
exposure to occur
+ Physical

= Geology

= Climate

= Habitat
« Biological

= Human population

Agent

Host Environment

= Flora (sources of food, habitat influence on vertebrates and arthropods)
= Fauna (sources of food, vertebrate host, arthropod vectors)
+ Socioeconomic
= Occupation
= Urbanization (crowding, tension...)

« Disasters (flood, earthquake, fire, war) also facilitate spread of
diseases

Modes of Transmission ‘

Vertical
* Transplacental
* Perinatal
+ Post-partum

£
R

Horizontal
 Direct
« Skin
= Sexual
= Person-to-person

* Indirect
« Fomites
« Transfusions/injections
- Foodborne
- Waterborne
« Airborne, Aerosol
= Vectors

L.
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or air. Vectors are organisms that do not cause disease by themselves but by trans-
mitting pathogens from one host to another. Examples are mosquitoes that transmit
malaria or West Nile Virus, fleas that transmit plague, and ticks that transmit Lyme

Disease.

Vertical transmission involves infectious disease spread from the mother to child.
Common terms include transplacental, meaning transmission from mother to child
through the placenta, perinatal, meaning the period before, during, or slightly after
birth, and post-partum, meaning after birth. Transmission during any of these situa-

tions is vertical transmission.

How Is It Spread?

This chart shows examples of diseases by their typical
modes of transmission. Notice that many diseases are
spread through several different pathways. For example,
HIV is spread by direct sexual contact, indirect contact
through needle-sharing, or from mother to child.

Also, the mode of transmission can depend on the
physical composition of the infectious agent. For example,
anthrax is spread in its natural form through direct contact
with infected animals, contact with infected animal prod-
ucts, such as wool or hides, or by eating contaminated
meat. However, in its weaponized form, anthrax is trans-
formed into very small particles that can float through air,
becoming an airborne disease.

Interactive Exercise 2

Severe Acute Respiratory Syndrome

Understanding the modes of transmission is an important
part of investigating a new pathogen. For example, with
SARS, or the Severe Acute Respiratory Syndrome, we
know that it is primarily spread through close contact with
ill individuals. However, airborne transmission, spread

through body fluids, and indirect transmission are possible.

Fortunately, SARS is not transmissible from infected indi-
viduals who are still well. Transmission can be prevented
by careful hand washing, respiratory precautions, and
other measures to prevent contact transmission.

How Is It Spread? .

Transmission

Examples

Direct contact, skin/sexual,
person—person

anthrax, rabies, HIV, syphilis, E. coli, shigellosis

Indirect contact

giardiasis (fomite), Hepatitis B and C,
HIV (transfusion), rabies (organs)

Foodborne

E. coli, Hepatitis A, salmonellosis, shigellosis

Waterborne

cholera, leptospiridiosis

Vector-borne

yellow fever, malaria, Lyme disease, plague,
tularemia

Aerosol

common cold, influenza, measles, pertussis,
smallpox, TB

Airborne

anthrax, hantavirus

Transplacental

HIV, HSV, rubella, syphilis, toxoplasmosis

Perinatal

Hepatitis B, HIV, HSV, syphilis

Postpartum

HIV

O

Severe Acute Respiratory Syndrome .

Transmission: what we know
* Primarily spread to close contacts by direct contact
* Possibly spread by transmission from:
= Respiratory droplets and secretions

= Infectious body fluids, secretions, and
substances

= Indirect contact (contaminated objects/environment)

* No evidence of transmission from asymptomatic
individuals

* Transmission prevented by hand hygiene and attention
to contact
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Chain of Infection

We sometimes call the spread between individuals, or
between individuals and the environment, “the chain

of infection.” This diagram shows the different types of
reservoirs in the environment where an agent may live
until it contacts a host or vector. Reservoirs may include
other humans, animals, or some non-living place in the
environment. Contact occurs through one of the modes of
transmission discussed earlier. This includes direct contact,
droplet or airborne spread, vectors, or foods. The agent
enters the host through a portal of entry, such as the nose,
skin, or mouth.

SARS Chain of Transmission

In this example, we can trace the transmission chain from
‘Hotel M" in Hong Kong where SARS was spread to six
different countries. The chain began with case A. SARS
was spread to guests who stayed at the hotel on differ-
ent floors. They were present at different but overlapping
times.

Interactive Exercise 3

Communicability

For infectious diseases, after an agent enters the host, the
person will go through a period of subclinical disease.
This is when the disease is not noticeable but pathologi-
cal changes are occurring. This is known as the incuba-
tion period. The individual is infected, but the disease

is not yet present. The person also frequently becomes
capable of passing along the agent during this time. This is
known as the period of communicability. In this diagram,
the period of communicability and the incubation period
overlap. While this is frequently the case, it does not
always happen as | mentioned with the example of SARS.

Chain of Infection .

Reservoir Mode of Transmission Susceptible Host
ﬁ PORTALS OF ENTRY
‘.
DIRECT
PORTALS OF EXIT CONTACT b
)
& DROPLET —
VECTOR %\
— % AIRBORNE

VEHICLE

Figure adapted from Principles of Epidemiology, CDC
==t

L.

SARS Chain of Transmission .

Guangdong
Province, n P . e
it ¢ F.G 1 close contacts.
P N
<
= jote
Hong Kong ‘/’E Hong 0 HCW
SAR ke Kong /
95 HCW ‘/\._m
LM

34 HCW

>100 close contacts
C,D,E United States
5 1HCW
Singapore
- Sficlose
contacts

o5

Communicability .

Natural history of disease

Usual time of
diagnosis
Pathologic Onset of
Exposlure chalnges symlptoms |
Stage of Stage of Stage of | Stage of recovery,
susceptibility | subclinical diseaselclinical diseasel disability, or death

[incubation Period

Figure adapted from Principles of Epidemiology, CDC
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Incubation Period

In summary, the incubation period is the time between
exposure to an infectious agent and the first signs or symp-
toms of a clinical illness. The incubation period can help
identify the etiologic agent in an epidemic and can help
differentiate between different types of epidemics.

For example, an outbreak of vomiting within a few
minutes after exposure to a food or beverage may be
related to contamination from a chemical, especially
heavy metals such as cadmium, zinc, or copper. Vomiting
four to seven hours after a food exposure may be related
to a toxin-producing bacteria, such as in staphylococcal
food poisoning.

Incubation Period (cont.)

If the pathogen is known, the incubation period can help
identify the source or reservoir of the agent during an
epidemic. For example, if an outbreak is caused by E. coli
O157:H7, the most common incubation period of three
to four days can be used to identify the time for the most
likely sources of exposure.

Finally, incubation periods can help identify the period
of infectiousness. For example, in hepatitis A the incuba-
tion period is usually four weeks, and the last two weeks
are period of greatest infectiousness. This can help identify
people who have been exposed to known cases.

Interactive Exercise 4

Outcomes of Exposure

For any exposed individual, several outcomes are possible.
They include no infection, infection, disease, or seri-

ous infection. In some people, the exposure will result

in infection. This feature is described by infectivity. In
others, the infection will develop clinical disease. This
feature is described by pathogenicity. Finally, the disease
may be mild, severe, or fatal. The severity of the disease is
described by virulence. This progression depends on both
the exposed person and the agent itself. In the next few
slides, I'll be going over the terms infectivity, pathogenicity,
and virulence in more detail.

Incubation Period .

Is the time period between exposure to an infectious agent
and first signs or symptoms of clinical illness

Helps identify the etiologic agent (or pathogen) in an
epidemic

Helps differentiate between different types of epidemics

Agent may be chemical
contamination

exposure I .o*., outbreak

time

# of cases

Incubation Period (cont.) .

Helps identify the source or reservoir of the agent
during an epidemic

Assists in identifying the period of infectiousness

Agent is Hepatitis A
Identify people

exposed -**+,, outbreak

# of cases

4 weeks

time

Outcomes of Exposure ‘

Infectivity
n Pathogenicity

N
& efY o

Serious Infec-
tion & Severe
Disease

Virulence

Progression depends on exposed person and agent

L.
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Infectivity Ny

o ) ) Infectivity @
Infectivity describes the proportion of exposed persons
who become infected. They can be measured by a rate, The proportion of exposed persons who become
which is the number infected divided by the number infected
exposed in the population. Infectivity is affected by the Persons who become infected f
portals of exit, the portals of entry, and an agent’s ability to Exposed persons in the population  § §§§
survive outside the host. Depends upon:

* Portals of exit
 Portals of entry

» Agent’s ability to survive outside the host

L.

Infectivity Examples

Here are some examples of these relationships. The portal —Infectlwty Examples

of exit is important in plague infections. While all forms

. . . . Portals of entry
of plague are very infectious, plague is much more infec-

tious in pneumonic plague, where the lungs are involved.
It is less infectious in bubonic plague, where primarily the
lymph nodes are involved.

The portal of entry is important in many intestinal
bacterial infections, such as salmonella, shigella, and
campylobacter, which involve swallowing the bacteria.

In all of these, the acid in the stomach acts as a partial
barrier to infection. However, if people are using antacids | %
or proton pump inhibititors, the decreased gastric acidy

increases infectivity.

The agent’s ability to survive outside the host also affects infectivity. A good exam-
ple is anthrax. Anthrax is a very hardy bacteria that can survive for years in the soil as
spores. Cattle who graze in pastures where anthrax deaths occurred can get anthrax

years later.
SARS Transmission: Superspreaders, RS Transmission: Superspreaders, )
Singapore

172 probable SARS cases by reported source of infection

This drawing illustrates transmission of SARS by super- FEB 25-APR 30, 2008

spreaders, individuals who were much more infective than
most SARS cases. It is not known why some SARS cases
become superspreaders while most SARS cases transmit

disease to a much smaller number of contacts.

Super-
@ spreader
individuals

Infected
individuals

@ Adapted from MMWR May 9, 2003 / 52(18);405-411

8 =
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Pathogenicity

Pathogenicity refers to the proportion of infected people
who develop clinical symptoms of the disease. We

can measure it by the number of infected people who
are exhibiting the disease divided by the total number
infected persons.

Here are some examples of highly pathogenic diseases.
Note that pathogenicity means the likelihood that infec-
tions will result in disease. It does not indicate how severe
the disease will be. Therefore, both rabies and chickenpox
viruses are highly pathogenic. However, rabies is almost
always fatal, while chickenpox is a relatively mild illness.

Pathogenicity @

Proportion of infected people who develop
clinical disease

t
feeee

Number infected and exhibiting disease
Total number infected

Low pathogenicity

High pathogenicity
. » Polio

Rabies
« Smallpox

¢ Measles

« Chickenpox

Rabies

o5

On the other hand, polio virus is of low pathogenicity, since most people infected
with polio virus do not become ill at all. However, a small percentage of infected
people become extremely ill, leading to paralysis or death. Without vaccination, this

illness occurs frequently enough to cause severe epidemics.

Virulence

Finally, we describe virulence, which is the proportion of
persons with clinical disease who become severely ill or
die. This is measured by the number with severe disease
or fatal cases, divided by the total number with disease.
Highly virulent pathogens include the ebola virus, small-
pox, and pandemic flu. A microbe with a low virulence is
the rhinovirus, which causes the common cold.

Review of Outcomes of Exposure

An example of this disease pattern is West Nile Virus infec-
tions. Some of the people exposed to the virus become
infected. About 80% of the people infected with West Nile
Virus do not develop disease. Up to 20% of those infected
will develop disease symptoms, such as fever, headaches,
and malaise, for a few days to a few weeks. Of those who
develop disease, about one in 150 will have severe neuro-
logic symptoms.

&

Virulence .

Proportion of persons with clinical disease who
become severely ill or die

1

L

Number with severe disease or Fatal cases
Total number with disease Total cases

High virulence Low virulence

« Ebola * Rhinovirus

* Smallpox 3 = ,

- Pandemic Flu <<
L

Review of Outcomes of Exposure .

Example: West Nile Virus disease pattern

Infectivity

X% o
Exposure n Pathogenicity
’\20%
. 0.006%
o | 7N
‘ Serious Infec-

tion & Severe
Disease

Virulence

b=l
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Review of Outcomes of Exposure (cont.)

This table shows that different pathogens have a wide
variety of characteristics regarding infectivity, pathoge-
nicity, and virulence. For example, the bacteria causing
leprosy is of low infectivity (meaning that it is not easy
for it to be transmitted) and low pathogenicity (meaning
that it infrequently causes disease). But it is highly virulent
(meaning that when it does cause disease, it is severe).
On the other hand, the chickenpox virus is highly infec-
tive (that is, exposure is very likely to result in infection)
and highly pathogenic (that is, a person is very likely to
develop chicken pox disease when they are infected with

Review of Outcomes of Exposure (cont.) .
Disease Infectivity Pathogenicity Virulence
chickenpox high high very low
common cold intermediate  intermediate very low
leprosy very low very low high
measles high high low
smallpox high high high
tuberculosis low low high

=

the virus). However, it is of low virulence (that is, a person is unlikely to die from

chicken pox).

Interactive Exercise 5

Descriptive Epidemiology

In epidemiology, a great deal can be learned about
diseases and pathogens by describing them in terms of
person, place, and time. This means asking questions such
as the following:

Who is affected by the disease? Are the ill people young
or old, male or female? Are the illnesses associated with
particular behaviors, such as foods consumed, or social
behaviors? Once people are infected, do they develop
immunity, or is it possible to become infected more than
once?

Where are the affected people? Where do they live,
work, and travel, and in what type of climate?

When is the disease occurring? Does it occur
constantly, or is it seasonal? What are the long-term
trends of disease occurrence?

This type of investigation is known as descriptive epide-
miology. To learn more about how we study these impor-
tant descriptors of infectious disease, see the module on
outbreak investigations.

Incidence Rate

Another class of epidemiologic tools are rates that measure
the disease level in the population and aid us in conduct-
ing descriptive epidemiology.

Descriptive Epidemiology .

Person: Who is affected by this disease?
« Age « Behavior
« Gender «  Immunity

Place: Where is the
disease clustered?
« Workplace
« Country
« Climate

Time: When is the
disease occurring?
« Seasonal
« Long-term disease patterns

L.

Incidence Rate .

Rates measure disease levels in population.

f
fee44

Incidence Rate

# of new cases of disease
# at risk for the disease

time

2003 2004

L.
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An incidence rate measures the proportion of new cases
of disease within a population during a given period of
time.

Incidence Rate Example

This slide shows hepatitis A incidence rates in the US by
state. The rates are hepatitis A cases reported in 2002,

per 100,000 population. The hepatitis A cases for a year

in a state are divided by the state’s population. In this
example, the rates are multiplied by 100,000 to make
them greater than one, rather than expressing rates as tiny
fractions. In other situations the rates may be multiplied by
100, 1,000, or even one million.

Attack Rate

We also use attack rates, which measure the proportion of
people at risk who develop the disease in an outbreak.

Attack rates are similar to incidence rates, except the
time interval is the period of an outbreak, as opposed to a
set period of time.

Attack Rate Example

This table shows cases and attack rates of hemorrhagic
fever in Zaire.

In this table, hemorrhagic fever cases and the people of
one community in Zaire are classified by age. For example
in the 30-49 year age group, there were 109 cases and
13,000 people. For this age category, the attack rate was
109 divided by 13,000 times 1,000, or 8.4 cases per thou-
sand people.

In this outbreak, although the largest number of cases
were reported in people 30-49 years old, the highest
attack rate was in children less than 1 year old.

Incidence Rate Example .

Reported cases per 100,000 population,
United States and U.S. territories, 2002

300 (cases of Hepatitis A) — 0000483

6,203,788 (total population) ] onm
. [Jeu
.0000483 = 100,000 = 4.83 B =
dw

10.0-199 NN >20

Attack Rate .

Attack Rate
i e

o944

# of new cases of disease

# at risk for the disease

outbreak

A
'l N

End of
outbreak

Beginning of
outbreak

S5

Attack Rate Example .
Hemorrhagic Fever, Zaire 1976
Age Number Population Attack Rate
(years) of cases  atrisk (per 1000 people)
<1 24 1,650 145
1-14 43 16,350 26
15-29 93 11,500 8.1
30-49 109 + 13,000 »1,000 = 8.4
50+ 49 7,500 6.5
total 318 50,000 6.4
w Figures from 1992 CDC case study on Ebola
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Prevalence

Prevalence gives us the proportion of currently existing
(that is new and old) cases of disease or a condition in a
population.

Prevalence Example

This graph shows the prevalence of sedentary lifestyles,
smoking, and obesity in Colorado.

Remember that the prevalence does not only include
the new cases of a disease or a condition. It includes the
existing cases, both new and old.

Therefore, the people represented in this graph may
have smoked for example, for one year, or many years.

Interactive Exercise 6

Surveillance

Surveillance is the systematic, ongoing, collection, analy-
sis, interpretation, and dissemination of health data. Data
typically flows from clinicians and laboratories to local

and state health departments and finally to the Centers for
Disease Control (CDC) and other federal agencies. We use
this system with infectious diseases to measure the disease
burden, to monitor trends, and to alert us when we have
an outbreak. Surveillance data can guide decision making
for interventions and control, program planning, and
resource allocation. For further information, see the online
epi module on surveillance.

Prevalence @
Prevalence
# of existing cases of disease
present at a specified time ’ ’
# at risk for disease at that ’ ’ ’ ' ’
specified time
G

Prevalence Example .

Estimated Prevalence of Selected Behavioral
Risk Factors, Colorado, 1990-1998

Y 55 Sedentary Lifestyle

3]
c 50 /
% 5]
> 40
235
30
o]
S 2 Smoke
i)
g 20
=15 Overweight
@ 10
w

1990 1991 1992 1993 1994 1995 1996 1997 1998
Year

w Source: Colorado BRFSS

Surveillance @

Systematic ongoing
collection, analysis,
interpretation, and
dissemination of

Clinicians &
laboratories

health data Local & state health
departments
CDC and other
national agencies
w For more information, see NWWCPHP’s module to Public Health Surveillance.
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Reportable Conditions

The CDC'’s Nationally Notifiable Conditions is a list of
diseases and conditions for which surveillance is recom-
mended in the United States. See your state health depart-
ment Web site for the legally required reportable diseases
in your jurisdiction.

Outbreak Investigation

In epidemiology, an outbreak or an epidemic occurs when
there is more than the expected amount of disease in a
population. When we detect a cluster or rise in disease
rates, we investigate the outbreak using a series of steps
listed here. These steps may vary or may be performed

in a slightly different order, depending on the situation.
For further information, see the module on outbreak
investigations.

Immunity

As we discussed earlier, a variety of biological and behav-
ioral factors affect an individual’s ability to resist infection.
One of these factors involves the body’s specific acquired
immunity, which refers to protective antibodies that are
directed against a specific agent.

An individual can gain protective antibodies in two
ways. First, antibodies can develop in response to an infec-
tion, vaccine, or toxoid. This is called active immunity.
Second, the unborn child can acquire antibodies from
the mother through the placenta before birth. Also, later
in life, the antibodies can also be injected as antitoxin or
immune globulin. This is called passive immunity.

&

Reportable Conditions .

Nationally Notifiable Conditions (recommended)

http://www.cdc.gov/epo/dphsi/phs/infdis2005.htm

See your state health department
Web site for a list of legally required
reportable diseases.

http://www.cdc.gov/mmwr/international/relres.html

o5

Outbreak Investigation .

Outbreak (or an epidemic) occurs when there is more
than the expected amount of disease in a population.

Verify the accuracy of disease reports.

Determine existence of an outbreak.

Establish a case definition.

Identify additional cases.

Conduct descriptive epidemiology.

Generate and test hypotheses.

Monitor course of outbreak and reassess strategies.
Carry out lab and environmental investigations.
Implement disease control measures.

= © o e o B O D =

0. Communicate findings.

w For more information, see NWWCPHP’s module Introduction to Outbreak Investigation.

Immunity .

Protective antibodies directed against a specific agent

;
}

Individual develops antibodies in

response to: .
Active

* Infection .
Immunity

* Vaccine
* Toxoid

Individual gains antibodies from:
¢ Mother

* Injections of antitoxin or
immune globulin

Passive
Immunity
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Active immunity and passive immunity differ on how quickly protection occurs
and on how long the protection lasts. Active immunity through immunization
requires a few days or weeks for the protection to occur. However, the protection is
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long lasting, for many months or years, depending on the
vaccine. In contrast, passive immunity occurs very quickly,
but the protection lasts only a few weeks or months.

Benefits of Vaccination

By exposing an individual to an agent or antigen whose
virus or bacteria has been killed or weakened, we can
induce an immune response without clinical symptoms.
If we induce immunity in this way to enough people, we
can establish herd immunity in a population.

Herd Immunity

This diagram illustrates the principle of herd immunity.
The circles represent people. They are in two colors,
representing those who are susceptible to a disease and
those who are immune, either through natural disease or
through vaccination. The arrows represent transmission of
a disease from one person to another. For highly infectious
diseases, if most people are susceptible, the infection will
rapidly spread to almost all. However, if for example, 95%
of people are immune through vaccination or a disease
history the remaining susceptibles may be protected even
if the disease is introduced.

Commonly Available Vaccines

Most common vaccines are administered during infancy or
childhood. This table illustrates the recommended vacci-
nation schedule for children and adolescents in the United
States.

Benefits of Vaccination .

=4

Induce immune response
in individuals

Establish herd immunity
in a population

Herd Immunity %
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Commonly Available Vaccines .

Recommended Childhood and Adolescent Immunization Schedule US January — June 2004
Vaccine

Hepaitis B
Diphtheria,

Tetanus, DTaP DTaP DTaP pTaP | Td  IEC
Pertussis

aerorhius b

influenza type b Hib  Hib Hib

Inactivated

Flestis ey ey EEEETRVE T 1PV

e e T
Mumps, Rubella MMR #2

Varicella

Pneumocoocal PCY  PCV P
vvvvvvvvvv Vascines below red ine are for selecied populaions - = - - - -
Fepaitis A

Influenza

| Varicela Varicella

[ Range of recommended ages 77/ Only if mother HBsAg(-)
1 Preadolescent assessment Il Catch-up vaccination

Q @ CDC http:/Awvww.cdc gov/immwripreview/mmwrhtml/mm&5451-Immunizational .htm#fig
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Prevention and Control

Not all diseases can be prevented with vaccines. We must
rely on other forms of prevention and control, which will
vary, depending on the disease at hand. These measures
include controlling vectors such as insects or rodents, or
recalling contaminated food products. It may be neces-
sary to perform isolation or precautions to prevent disease
transmission from ill individuals, or enact quarantine
measures or precautions to prevent disease transmission
from exposed individuals who are still well. Finally, educa-
tion of the public and health care providers is an impor-
tant part of any prevention and control strategy.

Summary

In summary, basic concepts of infectious diseases are tools
which can be used to investigate or control infectious
diseases. Describing new or unknown pathogens in terms
of person, place, and time is frequently the first step in
developing strategies to control them.

Web Resources

Prevention and Control

Vaccinate /

Control vectors (insects or rodents)
Recall contaminated food products

Isolation and quarantine

Educate the public and providers

L.

Summary

Basic concepts of infectious diseases are tools
that can be used to investigate or control infectious
diseases.

Describing new or unknown pathogens in terms of
person, place, and time is frequently the first step
in developing strategies to control them.
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. . . : Web Resources
Here are some links that prowde further information about

this topic. You can also access these links in the attach-
ments drop down menu at the top of the screen.

Final Assessment

CDC National Center for Infectious Di www.cde.gov/ncidod/

National Institute of Allergy and Infectious Di http:/Avww3. niaid.nih.gov/

Introduction to Outbreak Investigation www.nwephp.org/outbreak

Introduction to Public Health Surveillance www.nwephp.org/introphsury

World Health Organization Infectious Diseases
www.who.int/topics/infectious diseases/en/

National Foundation for Infectious Diseases www.nfid.org/

American Medical Association
www.ama-assn.org/ama/pub/category/1797.html

UC Berkeley School of Public Health Center for Infectious Disease Preparedness
www. idready.org/webcast/webcast trainings.php?training=3
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