Preview: epidemiology and
Innate defense

l Q1: What’s epidemiology?

Q2: How does the pathogen
transmitted?

Q3: What’s innate defense?




the study of the frequency and

. . distribution of disease Iin order to
Epldem|0|09y identify its cause, source, and route of

transmission.

What is Epidemiology?
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Incidence reflects number of new cases per specific time period
Prevalence reflects total number of existing cases




Incidence Types

Reported cases
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Rate of disease in population

— Morbidity rate is number of cases of iliness divided
by population at risk

— Mortality rate reflects population that dies from
disease

— Incidence reflects number of new cases per specific
time period

— Prevalence reflects total number of existing cases

— Diseases that are constantly present are endemic

— Unusually large number of cases in a population
constitutes an epidemic

 When epidemics spread worldwide they are termed
pandemic

— Qutbreak refers to a cluster of cases in a brief time
affecting a specific population




Disease Spread

Common Common-source outbreak
Source (e.g., food poisoning)
Outbreak
v . .
= Propagated epidemic
§ (e.g., common cold)
Propagated £
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Days —
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Non-communicable

— Disease that does not spread from one host to
another

— Disease is often caused by individual’s own normal
flora or from an environmental reservoir

| [ _ _
Communicable disease

— Disease transmitted from one host to another

In order for disease to spread, a chain of events
must occur

— Pathogen must have suitable environment in which to
live

- Natural habitat is termed reservoir
— Pathogen st leave reservoir to be transmitted to
susceptible host

* Organism leaves animal reservoir through portal of
exit



_ Principles of Epidemiology
Human reservoirs

— Infected humans most significant reservoirs
* Primarily of communicable diseases
* In some cases humans are only reservoir
— In this case disease Is easier to control
— Human reservoirs as
« Symptomatic infections
— Obvious source of infectious agents

— Ideally infected individuals understand the
Importance of precautions such as hand washing to
Inhibit transmission

« Asymptomatic carriers
— Individual harbors pathogen with no ill effects

— They may shed organisms intermittently for long
periods of time

— Some have asymptomatic infection
» More likely to move about spreading pathogen




Principles of Epidemiology
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Reservoirs of
Infectious disease

— Reservoir of pathogen
affects extent and
distribution of disease

* Recognizing
reservoir can help

protect population
from disease

— Reservoirs can be
« Human
« Non-human animal
 Environmental




Principles of Epidemiology

Non-human animal reservoirs
— Source of some pathogens

— Disease transmitted by non-human animal
reservoirs are termed zoonotic

 Disease often more severe in humans than
In normal animal

—Infection in humans is accidental




Principles of Epidemiology

nvironmental
eservoirs

— Some pathogens
have environmental
reservoirs, which can
Include

 Water
« Soil
— These pathogens
difficult or nearly

Impossible to
eliminate




Principles of Epidemiology

Portals of exit

— Microbes must leave one host in order to be
transmitted to another

« Organisms inhabiting intestinal tract are
shed in feces

« Organisms inhabiting respiratory tract are
expelled in respiratory droplets of saliva

* Organisms of the skin are shed with skin
cells as they slough off




Principles of Epidemiology

Transmission

— Successful pathogen must be passed from
reservoir to next susceptible host

— Transmission of pathogen via contact with
food, water, or living agent is termed
horizontal transmission

— Transmission via transfer of pathogen from
mother to fetus or child through breast feeding
Is termed vertical transmission




Microbe Spread

Portals of
Entry

Urethra




Microbe Spread

Portals of Exit

EYES
(Tears)

NOSE
(Secretions)

MOUTH
(Saliva, sputum) o

EAR
(Ear wax)

BROKEN SKIN
(Blood)

IN FEMALES:
Mammary glands
(Milk, secretions)

VAGINA
(Secretions, blood)

SKIN
(Flakes)

SEMINAL VESICLE
(Semen and
lubricating
secretions)

URETHRA
(Urine)

(Feces)




es of Disease Transmission

Contact

Vehicles

Vectors

Contact transmission

Direct contact Indirect contact by fomites Droplets
Rabies, rat bite fever, syphilis, Tetanus, common cold, Common cold, influenza,
gonorrhea, herpes, staphylococcal  enterovirus infections, measles, Q fever, pneumonia,
infections, cutaneous anthrax, ringworm whooping cough
genital warts Vehicle transmission

Waterborne Airborne, including dust particles Foodborne
Cholera, shigelliosis, Chicken pox, tuberculosis, Intoxication with aflatoxins and
leptospirosis, Campylobacter  coccidioidomycosis, histoplasmosis, botulinum toxin, paralytic shellfish
infections influenza, measles poisoning, staphylococcal food
poisoning, typhoid fever, salmoelliosis.
Vector transmission listeriosis, toxoplasmosis, tapeworms,

/ hepatitis A
9 \ ) (.‘ 3 :
~ M P e

Mechanical (on insect bodies) Biological

E. coli diarrhea, salmonellosis, trachoma Plague, malaria, yellow fever, typhus

fever, Rocky Mountain spotted fever,
Chagas' di Lyme di




Problems in Disease Transmission

Disease Cycles
Herd Immunity

= Infected = Immune = Susceptible

T 10% of population T 50% of population T 90% of population
is immune. is immune. isimmune.
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Controlling Disease Transmission

Biosafety
%

=




Public Health Organizations

Center for Disease Control (CDC)
World Health Organization (WHOQO)

Nationally Notifiable Infectious Diseases

any disease that is required by law to be reported to
government authorities.



http://en.wikipedia.org/wiki/Genus
http://en.wikipedia.org/wiki/Gram-negative
http://en.wikipedia.org/wiki/Humoral_immunity

Nosocomial Infections

sSources




Nosocomial Infection

NEE

Elevator Bacteria from Ventilation
shaft other patients ducts
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m Susceptibility
®m Transmission
m Universal Precautions

Bacteria
- from
L« outside

Bacteria from
—~infected patient

[~ Contamination
from equipment

Bacteria from
(5 visitors, hospital
personnel

— Bacteria
carried by
insects




Equipment/Procedures
Sites of Infection

Urinary tract




Portal of entry: Pulmonary, Gastrointestinal (gastroenteric)
and Cutaneous (skin)



http://upload.wikimedia.org/wikipedia/commons/7/79/Gram_Stain_Anthrax.jpg

Radiation risks

Radiation is a form of

energy

Average dose: 360
mRem

Radiation causes
lonizations In the
molecules of living cells.

Risk threshold: 100 Rem

http://www. physics.isu.edu/radinf/risk. Gl

Health Risk v '@
exp. lost

Smoking 20 cigs a 6 VIS
day
Overweight (15%) 2 yIs
Alcohol (US Ave) 1yr
All Accidents 207 days
All Natural Hazards 7 days
Occupational dose
(300 mrem/yr) 15 days
Occupational dose 51 days

(1 rem/yr)




Radiation risks

Equivalent to Equivalent to
Number of Number of
Cigarettes Highway Miles

Smoked Driven

Effective

Procedure Dose Risk of Fatal Cancer

(mrem)

Chest 5

Radiograph 3.2 1.3x10 9 23
SkullExam 15 6x10°® 44 104
sarium 54 2x105 148 357
Enema

Bone Scan 440 1.8 x10% 1300 3200
http://www.physics.isu.edu/radinf/risk.lﬂ




Radiation resistant bacteria:
Delnococcus radiodurans

lonizing radiation

 DNA double

‘.‘57'{:!](,1 breaks

Copyright @ 2005 Nature Publishing Group

Nature Reviews | Microbiology

http://www.nature.com/nrmicro/journal/v3/n11/ http://www.scifun.ed.ac.uk/card /faEnl
fig tab/nrmicro1264 F1.html ' ' R



In class quiz: What’s incidence? Give an example.

Qoihavesﬂ'ess?!

Just imagine, you
would have to
reproduce yourself
every 20 minutesl

Josy Holdener




Microbial detection

Morphological methods
Chemical methods

Molecular methods




Microbial detection

Morphological methods

Culture-- & Doo: X odo
Staining: ‘}f{)"&:‘
im'f‘:_*

Gram staining
Acid fast staining ¢

Endospore staining

Limitation:
The majority of Microbes can’t be cultured



Microbial detection

Chemical methods
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Microbial detection

Molecular methods
Protein: ELISA
DNA: PCR, array




Precipitation Tests

m Precipitation
® Immunodiffusion

Zone of
excess
antigen

Cas

Zone of |
equivalence

Zoneof
excess
antibody

Soluble

antigen

| Precipitin
ring forms

Antibody




Agglutination Tests

Agglutination

Hemagglutination

Anti-A

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Incubation with
Anti-A3 Antisera

(a)

Anti-B

nhated A3+ RBCs

(b)




Complement Fixation

B Ab/Ag Add antigen.

complex
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Complement
is fixed.

Add red blood
cells with attached
antibodies.
Red blood cell

Red blood cell
antibody
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Indicator red blood
cells are lysed.

Add red blood
cells with attached
antibodies.

% No free
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present.
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No red blood
cells are lysed.




ELISA: Enzyme-Linked Immunosorbant Assay

— Direct ELISA
» Looks for specific antigen
— Specimen placed in wells of microtiter plate
» Wells treated with antibody for antigen
— Indirect ELISA
* Looks for antibody in patient serum
— Human IgG
— Wells of plate treated with known antigen

e SN I + substyate
PP ¥y % *
NIRRT NN




Using Labeled Antibodies to

Detect Interactions

Western blotting

— Technique used to detect
antigenic proteins

— Proteins are separated by size
before reacting with antibody

« Proteins separated by
special gel electrophoresis
— SDS PAGE
— Makes it possible to establish

which proteins are recognized
by antibodies




Using Labeled Antibodies to

Detect Interactions

Fluorescence Activated
Ce” Sorter (FACS) Cefl misture Fluorescer

sLspension  antbodies
— Special version of flow
cytometry counts cells
labeled with fluorescent
antibodies

— Used to count subsets of T
cells

« CD4 and CD8 cells
especially

« Antibodies are attached
to the CD4 and CDS8
markers

— Cells with
fluorescently labeled
markers are counted




Polymerase chain reaction (PCR)

template
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PCR: http://www.youtube.com/watch?v=NloxUFSdwe4&feature=related



http://www.youtube.com/watch?v=NloxUFSdwe4&feature=related
http://www.youtube.com/watch?v=NloxUFSdwe4&feature=related
http://www.youtube.com/watch?v=NloxUFSdwe4&feature=related

Special gene from different species

Blot on special chip

Hybridize with unknown microbe DNA

CEET Tkt 1o

iy Figure out what it is
et g




