Lecture 2: The
Nature of Disease
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}Obesitywas a status symbol in

renaissance culture: "The Tuscan [l e OATIL
General Alessandro del Borro", PSS e
attributed to Charles Mellin, 1645. It A 1904 advertisement

is now generally regarded as a . .
: 9 yreg labeling alcoholism a
disease. "disease"
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PTSD accelerates HIV disease progression.
PTSD increases risk of heart disease

Angeles Times / Luiz Sinco via AP
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DISPUTED DISEASES

Chronic Fatigue Syndrome
Adult ADHD
Chronic Lymes Disease

Morgellons Delusional parasitosis?

formication, the sensation that bugs are crawling under
one's skin,

can be caused by allergies,mites, stimulant drug abuse,
dementia and mental retardation, and more




Broad Categories of Diseases

| dInfectious Disease

- Pathogen-mediated
- Specific organism or combination of organisms

JGenetic Disease

- disease caused by abnormalities in an individual’s genetic material
(genome) e.g. Klinefelter's syndrome, Down syndrome , Turner Syndrome

JEnvironmental disease

- Molds

- Cigarette smoke
- Radon

- Lead poisoning

 \What kind of disease is cancer?
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, How do ou get cancer ?
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4-/
Genetic

Environmental exposure (smoking, diet)
Contagious

(viral) hepatitis/liver, cervical, throat, stomach
(cellular) DFTV Devil Facial Tumor Disease

canine transmissible venereal tumor (CTVT)




The Meat Maggot Experiment.: Exploring the Scientific Method

Observation/Question: Where do the flies at the butcher shop really come from?
Does rotting meat turn |nto or produce the flies?

b . S B S

Hypothesis: Rotten meat does not turn |ntofI|es Only flles can make more flies.

Prediction: If meat cannot turn into flies, rotting meat in a sealed (fly-proof) container
should not produce flies or maggots. —

Francesco Redi &

Data: Control jars; flies seen entering the jars. Later, maggots, then more flies seen
on meat. Gauze-covered jars: no flies seen in the jars, but were observed on
gauze,maggots in jar. In the sealed jars, no maggots or flies were ever seen on the
meat.

Conclusion(s): Only flies can make more flies. In the uncovered jars, flies entered
and laid eggs on the meat; maggots hatched grew into more adult flies. In the sealed
jars, no flies, maggots, nor eggs could enter, thus none were seen. Maggots arose
only where flies were able to lay eggs. This experiment disproved the idea of
spontaneous generation for larger organisms.
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Prediction 4_]
Test does not l . Test supports
support hypothesis: T_°9t- hypothesis: make
revise hypothesis or experiment or additional predictions

pose new one additional and test them
observation

__JL ]
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Important Milestones in The Cell Theory

~ Development

1 Aristotle: L|V|ng things can come from nonllvmg thlngs
This concept is known as spontaneous generation

1 Jean Baptist Van Helmont (1580-1640): mice come
from dirty rags/ rotting grains

J Francesco Redi (1620-1690): challenged the idea of
spontaneous generation, setting up the 'meat/maggot’
experiment.

1 Anton van Leeuwenhoek: first person to make a
single-lens microscope & observe single-celled
organisms.

1 Robert Hooke (1630-1703): first person to design a
compound microscope & coined the term 'cell'.




Cells Make More Cells

In vivo
fertilized egg

8 cell
embryo

i;\
Cultured 4 M A\ Blastocyst
undifferentiated | ) Y

stem cells ‘\ %
\

Blood cells

Cardiac muscle

= ' Every cell has the same DNA.
Different sets of Genes/proteins are EXPRESSED in different cell

types.
EX. Muscle cells VS Retinal cells




Merriam-\ RSN (@A, -
ry v miasmal
s\ Webster 4

Simple Definition of miasma

: a heavy cloud of something unpleasant or unhealthy

Source: Merriam-Webster's Learner’'s Dictionary

Editor's note: Did You Know? w

Full Definition of miasma
plural miasmas also miasmata @« \-ma-ta\

1 : avaporous exhalation formerly believed to cause disease; also :

disease is caused by deadly vapors

Leading theory of disease from
1600s to 1800s
the Black Plague to Pasteur’s time



 Introduces hand washing in chlorine
solution to maternity wards

* Greatly reduces Childbed fever deaths
rates which reached 30% in some wards

* Though clearly effective not widely
accepted because it conflicted with
Miasma theory.

* Died of bacterial sepsis after being
beaten by asylum guards
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,; Theory of Spontaneous Generatlon :

A Mt b s Naer
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d From around the 4t century BC
people believed that simple living
organisms could come into being
by spontaneous generation

1 Spontaneous generation was the
iIdea that non-living objects can
give rise to living organisms

JLouis Pasteur: disproved
spontaneous generation overall,
forming the germ theory of
disease and inventing the
process of pasteurization




. The Germ Theory of Disease !

‘ The germ theory of disease, also called the pathogenic
‘ theory of medicine, proposes that microorganisms are the
- cause of many dlseases

Pasteur’s experiment ["S_wan nec‘k tmpﬂ
microorganisms.
Time
L 3
! No growth
' in nutrient
A
[Bmlmg kills m.cmorgamsms Mucroorganlsms enter open flask
and grow rapldly

Microbial
growth

=



which detrimental changes in the
health of the host occurs as a result
of damage caused by a pathogenic
organism

It wasn't until 1876 that a microbe
was unequivocabally proven to
cause disease

JRobert Koch showed that Bacillus
anthracis caused anthrax.

JKoch used a set of criteria to
demonstrate that the specific cause
(etiology) was a microbe




Microorganisms are isolated

from a dead animal. .
N S’f

Colony

¢Z) The microorganisms are The microméanisms
grown in pure culture. are identitied.
6;7‘—"!;..- a

e The microorganisms are injected
into a healthy animal.
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o The disease is reproduced j
in the second animal; microorganisms
are isolated from this animal. y
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5 Pathogenic microorganisms R/

are grown in pure culture. ===
Identical microorganisms

are identified.

Copyright @ 2004 Pearson Education, Inc., publishing as Berjamin Cummings.

Koch’s Postulates

In 1876 Robert Koch provided definitive
proof of the germ theory by isolating the
cause of anthrax. From this came the
development of Koch's Postulates, a set of
rules for the assignment of a microbe as
the cause of a disease.

1.

Microorganism must be
observed in every case of the
disease

The pathogen must be isolated
and grown in a pure culture

The pure cultures must cause
the disease when inoculated
iInto a healthy host

The same pathogen must be
recovered from the diseased
host



Tuberculosis
Pneumonia
Diarrhoea
Heart disease
Liver disease
Injuries
Stroke
Cancer
Bronchitis
Diphtheria

Heart disease

Cancer

Stroke

Chronic lung disease
Unintentional injuries
Pneumonia / influenza
Diabetes

Suicide

Chronic kidney disease
Chronic liver disease

Cancer and heart disease each kill ~ 500K Americans a year



] AN diseases

[] Noninfectious diseases

B 'nfections discases
150

Deaths from infectious diseases fell in the United States during the 20th century. The spike shows the 1918
influenza pandemic, which killed more than 20- 100 million people, including about 500,000 Americans
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Chronic systemic inflammation
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Adipocytes Immune cells Brain cells Systemic and local
increase in cytokine
concentrations

« Insulin resistance  « Atherosclerosis  « Alzheimer's disease « Cancer
« Type 2 diabetes « Huntington's disease
« Parkinson's disease



Americans Diagnosed with Diabetes

Hypertension Cancer Deaths
Attributed to Llnked to
Obesity

2 €




The Meat Maggot Experiment.: Exploring the Scientific Method

Observatloleuestlon Where do the flies at the butcher shop really come from?
~ Does rotting meat turn into or produce the flies?

-l

Hypothesis: Rotten meat does not turn into flies.

Prediction: If meat cannot turn into flies, rotting meat in a sealed (fly-proof) container

should not produce flies or maggots.
w
OG

Data: Control jars; flies seen entering the jars. Later, maggots, then more flies seen
on meat. Gauze-covered jars: no flies seen in the jars, but were observed on
gauze,maggots in jar. In the sealed jars, no maggots or flies were ever seen on the
meat.

Conclusion: Only flies can make more flies.
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Air escapes from Microorganisms fro
open end of flask. air settle in bend.

1 Broth sterilized— 2 Broth allowed
air escapes. to cool slowly—
air enters.
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3 Broth stays sterile
indefinitely.

4 Flask tilted so that
the sterile broth comes
in contact with micro-
organisms from air.
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Hours/days

5 Bacteria multiply
in broth.



Microorganisms are isolated
from a dead animal.

% Koch’s Postulates
7 T : -N'\'\ Y

Colony =) of rules for the aSS|gnment of a mlcrobe

B e oo @ Themicroorganisms 25 the cause of a disease.

\ / 1. Microorganism must be

observed in every case of the

~——_

ol disease
e The microorganisms are injected
Intoahealth: animal. 2 The pathogen mUSt be
T Isolated and grown in a pure
N culture
The disease is reproduced

in the second animal; microorganisms
are isolated from this animal. y 3

The pure cultures must cause
the disease when inoculated
into new host

: The same pathogen must be
Identical microorganisms
are identified. recove red ]

Copyright € 2004 Pearson Education, Inc., publishing as Berjamin Cummings.

5 Pathogenic microorganisms
are grown in pure culture.
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RESULTS Mouse dies Mouse healthy Mouse healthy
Living S strain cells No bacterial cells No bacternial cells
found in heart found in heart found in heart

CONCLUSION: A chemical substance from one cell is capable of genetically transforming another cell.

Mouse dies

Living S strain cells

found in heart
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BMC Dermatol. 2015; 15(1): 1. PMCID: PMC4328066
Published online 2015 Feb 12. PMID: 25879673
doi: 10.1186/512895-015-0023-0

Exploring the association between Morgellons
disease and Lyme disease: identification of Borrelia
burgdorferi in Morgellons disease patients

Marianne J Middelveen, Cheryl Bandoski, Jennie Burke, Eva Sapi,
Katherine R Filush, Yean Wang, Agustin Franco, Peter J Mayne, and

Raphael B Stricker™

Author information » A

Abstract Go to: [v)

Background Go to: (v)

Morgellons disease (MD) is a complex skin disorder characterized by
ulcerating lesions that have protruding or embedded filaments. Many
clinicians refer to this condition as delusional parasitosis or delusional
infestation and consider the filaments to be introduced textile fibers. In
contrast, recent studies indicate that MD 1is a true somatic illness
associated with tickborne infection, that the filaments are keratin and
collagen in composition and that they result from proliferation and
activation of keratinocytes and fibroblasts in the skin. Previously,
spirochetes have been detected in the dermatological specimens from
four MD patients, thus providing evidence of an infectious process.
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Methods & Results

Go to: V]

Based on culture, histology, immunohistochemistry, electron microscopy
and molecular testing, we present corroborating evidence of spirochetal
infection in a larger group of 25 MD patients. Irrespective of Lyme
serological reactivity, all patients in our study group demonstrated
histological evidence of epithelial spirochetal infection. Strength of
evidence based on other testing varied among patients. Spirochetes
identified as Borrelia strains by polymerase chain reaction (PCR) and/or
in-situ DNA hybridization were detected f our study patients.
Skin cultures containing Borrelia spirochetes were obtained from four
patients, thus demonstrating that the organisms present in dermatological
specimens were viable. Spirochetes identified by PCR as Borrelia
burgdorferi were cultured from blood in seven patients and from vaginal
secretions in three patients, demonstrating systemic infection. Based on
these observations, a clinical classification system for MD is proposed.
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