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Scarlet fever in 1849 at the age of 8 (along with Henrietta and
Elizabeth).

After recovery, declining health and vigor, recurrent fevers,
wasting.

Final illness in the spring of 1851 at Dr. James Manby Gully’s
hydrotherapy spa in Great Malvern.

Darwin suspected an inherited predisposition. The likely cause
was tuberculosis.



Outline

Darwin: A Case Study
Epidemiological Triangle
— Agent

— Environment

— Host
Evolution of Disease

— Hunter Gatherers vs. Modern Man

Industrialization and the Eradication of
Disease

Zoonotic Diseases and Animal Domestication



THE EPIDEMIOLOGICAL TRIANGLE

ENVIRONMENT



Agent Factors

* Virulence

* Transmission (route and probability)
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Host Factors

Passive & Acquired Immunity

Nutritional Status :
Percentage of babies bottle-fed and breastfed for the

first 13 weeks that had diarrhoeal iliness at various
weeks of age during the first year, Scotland

Age A T
f 15 - 29 11.9
310 7.4
. z | 3.6
Reproductive Statu:  § ;. T |
013 14-26 27-39 40-52

Incidence of diarthoeal lliness by age in weeks

0 Bottle-fed W Breastfed |

[ ) L ]
CO_ m O r b I d It Adapted from: Howie PW, Forsyth JS, Ogston SA, Clark A, Florey CV. Protective effect
of breastfeeding against infection. Br Med J, 1990, 300: 11-15 Side 2 9
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PROTEASES
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Common Comorbidities in COPD

Cardiovascular Disorders
»Pulmonary hypertension
»Right heart failure, Cor pulmonale
wVascular disease
-Coronary artery disease
-Cerebrovascular disease
-Periferal vascular disease
nSystemic hypertension

Nutritional Disorders, Cachexia

Musculoskeletal Disorders
»Muscle dysfunction
nOsteoporosis

Cancer

Other

sSleep disorders

»Sexual dysfunction

sDiabetes

wDepression, anxiety

sAnaemia

»Peptic ulcus 106
nGlocoma
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Environmental Factors

Encounter rates with agent

The danger zones
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e Female tick o Uninfected six-legged larva
lays eggs hatches from egg and develops

o Adults feed on

deer and mate
e Larva feeds on

small animal,
becoming
infected

Year 1—Spring

\\/ Lot
\ — 5’ :I-’ {‘; . o
. 41,  Fall and Winter Summer -~

Nymph develops

; ; ; I ; into adult tick
Summer Fall and Winter

Male Female 5:,- %

A
|

)

o Nymph feeds on \ V—\R)

animal or human, N+ o Larva is
B
transmitting infection b! | t dormant

gD !

Year 2—Spring

‘J’?‘

Larva develops into
eight-legged nymph

(a) The tick, Ixodes scapularis, has a two-year life cycle in which it requires three blood meals.
The tick is infected by its first blood meal, and can pass on the infection to a human in its second.

Copyright © 2004 Pearson Education, Inc., publishing as Bengamin Cummings.
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incidental hosts

humans

West Nile mosquito vector
virus

West Nile
: virus

horses \

@ 2007 Encyclopadia Britannica, Inc.
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Hunting and Gathering

* Directly transmittable
diseases rare

* Pathogens with long
latencies, dormant life
cycle stages, non-
human reservoirs and
transmission vectors
were probably more
common.




ANIMAL DOMESTICATION |

Most directly transmittable diseases in
humans appear to have originated in
domestic animals and have increased as
our intimate contact with these species
has increased.




Stage

Tranamission
to humans

Stage 5
axchusive
human agent

Stage 4:
long outbreak

Stage 3
mited
outbreak

Stage 2:

primary
Infaction

Only from
humans

From animals
or (many cycles)
humans

From animals
or (few cycles)
humans

Only from animals

Stage 1:
agant only
in animale

Transfer of diseases from animals to humans (zoonotic
diseases) continues to occur when humans and animals
come into frequent, intimate contact.




Agriculture

Adoption of agriculture as a subsistence base led to
larger populations, fixed residence, seasonality in
workload and food abundance, and alteration of local
ecology.
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The emergence of long range sea and land based
trade routes facilitated the spread of epidemic

disease in the ancient and medieval worlds.




Conquest, invasion,
and migration have
also often introduced
new diseases to
previously unexposed
populations.
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Industrialization

Modern urban-industrial societies have brought further

changes in the degree of crowding, nutritional status,
and the rate and extent of population mixing.




Death Rate, per million

Smallpox

450 o
Free vaccine
100 available
350 l
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Death Rate, per million children

England and Wales
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organism
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Bronchitis, pneumonia, influenza
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Whooping Cough
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Measles
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ANNUAL MORTALITY RATE (PER MILLION)
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HOST ENVIRONMENT

*
(rencounter rtransmission) = Fdeath 'rrecovery
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/oonotic Diseases

e Definition — a disease that can pass between
animal and humans.

 Examples
— HIV
— Ebola
— Avian Flu
— SARS

— Bubonic Plague
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Ebolavirus

Ebolavirus transmission dynamics viruses

Spillover dynamics \

Intra- and inter-
species
transmission

Latt
Teas sesn??®
I

Reservoir dynamics
Olivaland Hayman. Viruses 2014;6(4):1759-1788



THE NEXT PANDEMIC?

Although the H5NI1 virus, known as the avian flu virus, does not
usually infect humans, new mutated forms of this virus could
represent a realistic risk of a flu pandemic, experts say.

Are natural
carriers of
the avian
flu virus

in the wild,

Natural
viral cycle

Waterfowl B
Infected by shared
water sources.

~KEY

Avian Flu

Mammals

Intermediate hosts, Hogs can
also be infected by human fiu
virus, which increases the risk
of mutated human compatible
viruses,

Domestic birds
Intermediate hosts
and easily infected
by the virus through
contact with nasal
or fecal material,
Contact with other
domestic
animals favors
the spread

of the

disease.

Humans
Rarely infected
by unaltered
strains of the

avian flu virus,
Experts think that
mutated viruses

MAJOR FLU PANDEMICS
Number of deaths in the USA:

Spanish Flu (1918)
asianFluosn [ PPRENT 70,000
Honk Kong Flu (1968) {11 34,000

Sources: Centers for Disease Control, World Health Organization

could spread from
human to human.

PHARRERRE FRERREREY ROPRRR TR PRRRORRIRN HERRRIRER o000

Global killer: The [A(HIN1)] strain of the flu
virus, comomly known as the "Spanish Influenza”
killed more than 50 millon people worldwide,

ALBERTO CUADRA : CHRONICLE

Outcome of Avian Flu Infections
(Reported by WHO 2007/03/20)

People who recovered from
infection (39.9%)

B People who died (60.19%)




Highly Pathogenic Avian Influenza (HSN1)

Turkey
Cases: 12
Deaths: 4

Egypt
Cases: 173
Deaths: 63

ria

Cases: 1
Deaths: 1

Avian Flu Human World Summary CDC S

Source: WHO/GIP - 2013
Map Creation Date: 08-Jan-2014

Country where H5N1 infections in humans

have occurred and H5N1 has been found in
local birds
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Human Cases and Deaths Since 2003

Status as of

January 8, 2014
Latest available update

Laos

Cases: 2
Deaths: 2

Thailand
Cases: 25
Deaths: 17
Cambodia
| Cases: 47
Deaths: 33
—_— _ Vietnam
~{ Cases: 125
. Deaths: 62
RN
P

Indonesia
Cases: 195
Deaths: 163




SARS — Severe Acute Respiratory Syndrome

Phylogeny of SARS
virus strains

~¥~ - infects bats

“w - infects civets
R - infects humans




Bubonic Plague

Deaths per day in Non-epidemic and Plague years,
by season, 1424-1458
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Key: Type of year
— Plague year
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How the Bubonic Plague Was Transmitted
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Flea drinks
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Rat carries plague
bacteria

1\ Bacteria multiply
in flea's abdomen




Thought Question

e What are some other zoonotic diseases and
what are their hosts?
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Study Guide Questions

Be able to describe in details the
epidemiological triangle and the categories
that contribute to host, agent and
environmental factors using examples.

How have disease changed as human
populations have evolved?

What contributed to the eradication of
potentially life threatening diseases?

What is a zoonotic infection? Be able to
describe the zoonotic infections we discussed
in class and their hosts.



