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9. Whereas we have {ound, that of 100 quick Conceptions
shout 36 of them die before they be six years old, and that
perhaps but one surviveth (2] 76, we, having seven Decads be-
tween six and 76, we sought six mean propartional numbers
between 64, the remainder, living af six vears, and the cme,
which survives 76, and finde, that the cumbers follewing ate
practically near enough to the truth; for men do not die in
exact Froportions, nor in Fractions: from whence arises this
Tatle following.

Viz. of 100 there dies The fourth..vvesrsuire. &
within the first siz years.. 36 The rext...... veveaines 4
The mnext ten years, or Themext........ vensees 3
Decad ... .oovvvnnnnnn. 24 The nert..... rerereiere 2
The second Deced....... 15 Thenmext....... ... vess 1
The third Decad........ 9

10. From whenee it follows, that of the said 100 conceived
there remains alive at gix years ead 64.

AL Sixteen years end.. 40 At Fiftysiz........ a8
At Twenty siX..... eiesa 23 AL SixtysiX.ieseiiiiees 3
At Tirty sizeooeaennnans 16 At Seventy six..... P §

At Fousiy six...ouvevnrs 10 At Tighty..ons.s vereaas O




A generall Bill for this prefent year, l

endingthe 19 of December 1665, according to
the Reporr made 10 the KINGS moft Excelient Majelty,

By the Companyof Parifh Clerks of Landas, Bic. '
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The Conclusion.

T may be now asked, to what purpose tends all this
lsborious buzzling, and groping? To know,

1. The number of the People?

2. How many Males, sad Females?

3. How many Married, 2nd singie?

4. How many Tecming Women?

5. How many of every Seplenary, or Decad of years in
age? : .

6. How many Fighting Men?

7. How much Loadon is, and by what steps it hath

increased ? .
8. In what time the housing is replenished after a
Plague? :
9. What proportion die of each general and perticular
Casualties?

10. What years are Fruitfull, and ortal, and in what
Spaces, and Intervals, they follow each other?
11, In what proportion Men ueglect the Orders of the
\ 22 Church, and Sects have increased ?
CAPTAIN JomN GrAUNT 12. The disproportion of Parishes?
13. Why the Burials in Zondon exceed the Chrisinings,
when the contrary is visible in the Couatry?

To this I might answer in general by saying, that those,
who cannot apprehead the reason of these Enquiries, are unfit
to trouble themselves to ask them.[72]




What is publichealth -

Public Health

“The science of preventing disease, prolonging
life, and promoting physical health and
efficiency through organized community
efforts...” -Winslow

Prevention is job #1
Works at the population level

PublicHealth

Prevent. Promote. Protect.




"I believe t
might be written as a record of successive
redefinings of the unacceptable.”

- Sir Geoffrey Vickers

History

A Summarized History of International Public Health
(Merson, Black, Mills, 2" ed.)
e

400 BCE Hippocrates presents causal relation between environment and disease

1st Century Romans introduce public sanitation and organized water supply system

14th Century Black Death leads to quarantine

Middle Ages Colonial expansion spreads infectious disease aroung the world

1750-1850 Industrial Revolution results in health and social improvements

1850-1910 Expansion of knowledge about infectious disease agents and transmission

1910-1945 Reductions in child mortality; Development of schools of public health;
International foundations

1945-1990 Creation of World Bank; WHO; Eradication of smallpox; Beginning of HIV
pandemic

1990-Present Priority given to health sector reform, equity, health and development




Public Health
Improvements | CleanerFood  smallpox

Cleaner Water

Improvea

Sanitation Tobacco

F Control

Education Planning

Better

[{proEs Nutrition

Hygiene

Public Health vs. Medicine

Public Health Medicine
Assess health of Assess health of
populations individuals (diagnosis)
(surveillance) Develop treatment
Policy development plan (regimen)
Assure that services Administer treatment
are available Cure the patient

Prevent disease

THIS IS PUBLIC
HEALTH.




How Does Public Health
Work?

Assessment :
Epidemiology and Statistics

Global HIV infection
33 million infected, 2007




Primary Functions

Policy Development
Government and International Organizations

UNHCR unicof
B e

Sy
{89
Wy

UNEP

e.g. The World Health Organzation

Primary Functions

Assurance
Implementation and maintenance
Governments and Public Health Infrastructure




Prevention and Intervention

Five Steps
Define the problem
Determine risk factors
Develop interventions
Implementation
Maintenance

Example: smallpox

The problem:

1966: 10— 15 million cases of smallpox in 5o+
countries

1-2 million deaths annually
~30% case-fatality ratio
Higher in children
Survivors scarred for life

Source: Millions Saved: Proven Successes in Global Health, Center for Global Development, 2004




Example: smallpox

Natural History/Risk Factors
Variola virus
Airborne [ contact with an infected person
Non-infectious for up to 17 days
Flu-like symptoms — high fever

Rash ' ‘m

A

g.
A

Example: smallpox

Intervention: vaccination
In existence since 18" century — Edward Jenner

Improved vaccine in 1920s

1959: Global eradication program endorsed by
the WHO

20
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Example: smallpox

Implementation
1959: 1 fulltime WHO medical officer, 1 assistant
National vaccination campaigns

1965: World Health Assembly — “eradication of
smallpox is a main objective of the WHO"

1967: Smallpox Eradication Program
1970's: focused ‘containment’ teams
1973: 5 countries remaining

1977: last endemic case

21
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The Decline of Smallpox

Countries with imported cases or
cases resulting from importations

L * Countries with endemic smalipox

RV T T T S S T e

[ i I 1 - |
1968 1969 1970 1971 1972 1973 1974 1975 1976 1977

Source: Vaccines, 3 ed. ,W.B. Saunders Co. 1999
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Example: smallpox

Assessment
2 years of surveillance and searching
May 1980: Smallpox declared “eradicated”

THE MAGAZINE OF THE WORLD HEALTH ORGANIZATION - MAY 1980

Barriers to Public Health

Barriers to public health
Economic
Moral/religious

Individual freedom
Political X:X

24
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Public Health
Prevention
Populations
Challenging

Epidemiology: where does it
fitin?

. B
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Epidemiology: where does it fit in?

Assessment

Policy
Development

Assurance

Definition of Epidemiology

“The study of the
distribution and
determinants
of health-related states or events

in specified populations, and the
application of this study to control
health problems”

- J. Last, Dictionary of Epidemiology

28
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The...
Who 1
What
When
Where
Why l
and How .

- Descriptive Epidemiology

- Analytic Epidemiology
...... of Disease

29

Hippocrates, 5" century B.C.E.

On Airs, Waters, and Places

Whoever wishes to investigate medicine properly, should
proceed thus: in the first piace to consider the seasons of the
year, and what effects each of them produces. Then the
winds, the hot and the cold, especially such as are. common
to all countries, and then such as are peculiar to each locality.
One must alsa consider the qualities of the waters, for as they
differ from one another in taste and weight, 50 also do they
differ much in their effects.....and the mode in which the
inhabitants five, and what are their pursuits, whether they are
fond of drinking and eating to excess, and given to indolence,
or are fond of exercise and labor....From these things he must
proceed to investigate everything else. For if he knows alf
these things well,..._.he cannot miss knowing , when he comes
to a strange city, either the diseases peculiar fo the place, or
the particufar nature of common diseases....

Slide courtesy of Warren Winkelstein 30
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Five Goals of Epidemiology

Describe Disease in the Natural History of Disease
Population Symptoms,
Surveillance, pathogenisis, incubation
observation, research,
experiments Design/Implement
Person, place, and time interventions

Control disease
Determinants

Physical, biological, Inform Policy

social and behavioral Use findings to promote,
factors that influence protect, and restore
health health - "Big Picture”

31

Examples
Describe Disease in Determinants of
the Population Disease
- Surveillance - Outbreak investigations
- Distribution of - Observational studies
disease

- Experimental studies
Interventions (RCTS)

- Mathematical modeling

32
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Determinants

@ .
OPEN a ACCESS Freely available online - I)I ,05 one

Beer Consumption Increases Human Attractiveness to
Malaria Mosquitoes

Thierry Lefévre'*, Louis-Clément Gouagna®?, Kounbobr Roch Dabiré>?, Eric Elguero’, Didier Fontenille?,
Francois Renaud’, Carlo Costantini®*, Frédéric Thomas'®

Beer Water
consumption consumption
1
B
09 (369)
ok

08 _ (174)
o0 (215) ns (161)

g ns ns

Orientation

Before After Before
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Determinants

Sexual Practices and Risk of Infection
by the Human Immunodeficiency Virus
The San Francisco Men’s Health Study JAMA, Jan 16, 1987—Vol 257, No. 3

Warren Winkelstein, Jr, MD, MPH; David M. Lyman, MD, MPH; Nancy Padian, MS, MPH;
Robert Grant, MPH; Michael Samuel; James A. Wiley, PhD; Robert E. Anderson, MD;
William Lang, MD; John Riggs, PhD; Jay A. Levy, MD

Table 1.—Association of Number of Male Sexual Partners in Previous Two Years and Human Immunodefi-
ciency Virus (HIV) Serologic Status*

Study Sample Population
% HIV % HIV 95%

No. of Male No. i Contidencs

Partners Positive Positivet interval
None 17 17.6 19.2 52415
1 66 18.2 17.9 9.5-20.0
29 206 3168 31.9 25.2-39.0
1049 312 53.8 53.7 47.4-59.6
=50 195 70.8 70.5 62.7-76.8
Total 796 485 482 44.3-520

L HR
*Subjects with missing data (n=13) were excluded. Tha x2 for trend of the association of number of partners and
HIV antibody seropositivity in the sample is 86.7, P<,0001.
tWaeighted for sampling fraction and ditterence in participation rates between census tracts.

34
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Intervention Design

Randomized, Controlled Intervention Trial
of Male Circumcision for Reduction of HIV
Infection Risk: The ANRS 1265 Trial

1,2,3,4

Bertran Auvert , Dirk Taljaavds, Emmanuel Lagarde“, Joélle Sobngwi-Tambekouz, Rémi Sitta>*, Adrian Puren®

PLoS Medicine | www.plosmedicine.org November 2005 | Volume 2 | Issue 11 | e298

Table 4. Multivariate RRs of HIV Incidence

Categories of Factors Values of Factors HIV Follow-Up  HIV Incidence Incidence RRs
Factors Cases  (py) Rates (95% CI;  (95% ClI) of
per 100 py)* Intervention versus

Control (95% CI)*®

Randomization group Intervention 20 2,354 0.85 (0.55-1.32) 039 (0.23-0.66)
p = 0.00049
Control 49 2,339 2.11 (1.60-2.80) 1

0.85 vs 2.11, areduction in HIV incidence of approximately 60%

35

Informing Policy

Comparison of the date of discovery of a measure to
prevent a disease with the date of identification of its
true causative or preventive agent

Discoverer of Year of Year of
) preventive discovery  discovery ) i
Disease measure preventive of agent  Discoverer of agent
measure
Scurvy J. Lind 1753 1928 A. Szent-Gyorgi
Pellagra J. Goldberger 1755 1924 G. Casal et al.
Scrotal cancer P. Pott 1775 1933 J-W. Cook et al.
Smallpox E. Jenner 1798 1958 F. Fenner
Puerperal fever 1. Semmelweis 1847 1879 L. Pasteur
Cholera J. Snow 1849 1893 R. Koch
Bladder cancer® L. Rehn 1895 1938 W.C. Hueper et al.
Yellow fever W. Reed et al. 1901 1928 A. Stokes et al.
- b R. Abbe 1915 1974 D. Hoffmann et al.
Oral cancer
www.epidemiog.net, © Victor J. Schoenbach 2000 17. Epidemiology and public health - 555

rev. 10/23/1999, 1/17/2000, 3/23/2001
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Informing Policy

Parachute use to prevent death and major trauma related
to gravitational challenge: systematic review of
randomised controlled trials

Gordon C S Smith, Jill P Pell

Results “We were unable to identify any
randomised controlled trials of parachute
intervention.”

Conclusion “We think that everyone might
benefit if the most radical protagonists of
evidence based medicine organised and
participated in a double blind, randomized,
placebo controlled, crossover trial of the
parachute.”

.4 s ol

BMJ 2003,327 1459-1461 Parachutes reduce the risk of injury after gravitational cnalege‘ but their ecveness has
dOi: 1 01 1 36/bm]32774291459 not been proved with randomised controlled trials

37

Where does modeling fit in?

Source: Google Images
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A Natural Fit for Public Health

Models allow us to gain insight into public
health questions (e.g. Universal testing)

Differences between:

What factors increase the risk of HIV transmission?
(Analytic Epidemiology)

In what populations is HIV incidence/prevalence the
highest? (Descriptive Epidemiology)

By how much could we expect the incidence of HIV to
decrease in South Africa if 80% of all sexually active

people used condoms 80% of the time? (Public Health
Impact)

39

Models should be

1) Simple as possible
Avoid unnecessary complexity

Only add complexity when the research question
demands it

2) Based on what is known
Biological systems

PATA — Implies we must know relevant:
- biology
- statistics (how to make
sense of data)

40
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Informing Policy

Universal voluntary HIV
testing with immediate
antiretroviral therapy as a
strategy for elimination of
HIV transmission: a
mathematical model

Reuben M Granich, Charles F Gilks,
Christopher Dye, Kevin M De Cock,
Brian G Williams

Lancet 2009; 373

Deaths (thousands) Deaths averted

(thousands)
Neither strategy
2015 269
2030 263
2050 263
2008-50 11078
ART started when CD4+ count <250 cells per pL
2015 193 76
2030 202 61
2050 210 53
2008-50 8658 2419

ART started when CD4+ count <350 cells per pL and universal
voluntary HIV testing/immediate ART

2015 165 104
2030 76 187
2050 v 246
2008-50 3879 7199

ART started when CD4+ count <350 cells per pL, universal voluntary
HIV testing/immediate ART, and other adult prevention strategies

2015 164 105
2030 72 191
2050 1 251
2008-50 3777 7350

ART=antiretroviral therapy.

Table: Estimated number of AIDS-related deaths for the years 2015,
2030, 2050, and 2008-50 with different strategies

41

Modeling is not

new

B 0000
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Modeling is not new

least 1760

‘I simply wish that, in a matter which so closely
concerns the wellbeing of the human race, no deci-
sion shall be made without all the knowledge which
a little analysis and calculation can provide’

Daniel Bernoulli 1760.

This process has been in practice since at

Daniel Bernoulli

What do | mean by “process” N,

Commons.wikipedia.org

43

Bernoulli and Smallpox

Not without costs
Is it worth the risk?

INOCULATION

Those who are desirous to take the infection of the

SMALL - POX, by inoculation, may find themselves

accommodated for the purpose, by applying to.
Stephen Samuel Hawley

Fiskdale, in Sturbridge.

Tebruary 7, 1801

N. B. A Pest-House will be opened, and accommoda-

tions provided by the first day of March next.

Commons.wikipedia.org

Inoculation as prevention

en .Wikipédia.org

44
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The first counterfactual?

Bernoulli worked out solutions for a system of
differential equations (impressive at the
time!)
Determined:

Life expectancy with

inoculation
Life expectancy without

inoculation

N. Bacaér, A Short History of Mathematical Population Dynamics.
DOI 10.1007/978-0-85729-115-8_4, © Springer-Verlag London Limited 2011

45

Results

Inoculating everyone at birth increased
overall life expectancy by about 3 years
Effective as long as the probability of dying
from smallpox right after inoculation is less
than ~ 11%

Bernoulli estimated this risk to be ~1%

Despite these results, inoculations were
never performed on a large scale (in France)

46
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Much of modeling is “new"”

“»
z
Q
=
S % )
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2 40 0
a
= 30
(o)
e
O 20 20
o
§ 10 10
2
z

60 70 8 90 1800 10 20 30 40 0 & 70 8 90 1900 10 20 31D 40 50 &0 70
YEAR OF PUBLICATION

Fig. 1. The mathematical epidemiology literature, as reflected in the bibliography of Bailey’s
(1975) review. Though not a complete catalogue of all publications on this subject, this represents
the most comprehensive available bibliography, and gives a valid impression of the growth of the
literature.

Source: Fine, PEM. John Brownlee and the Measurement of Infectiousness.
J.R. Stastist. Soc. A, Vol. 142, No. 3 (1979)

47

Some historical figures and ideas

William Farr (1840): Fitting curves to
mortality data

Predicted smallpox deaths

Descriptive technique

48
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Some historical figures and ideas

P.D. En'ko (1889)

Formulated discrete time models and fit
them to observed measles epidemics

3. En’ko’s Epidemic Model Table 1a. Observed and expected epidemics — St. Petersburg Alexander Insti-
tute

If one expresses En’ko’s assumptions and notation in current notation his

N . . . N 1875 1879
model satisfies the following system of iterative equations:

1865
Obs. Exp.(l1) Exp.(2) Obs. Exp(l) Exp.(2) Obs. Exp.
6 7 100 100 30

So 1
- G\ & 02 o1 05 025 05

C‘*‘_S‘{l_(l_}v,~1) }’ G 1 1 1 3 3 3 2 2
Cr kM G 1B 1 6 52 76 51 28 30
Sty1 =S (1 - ) C, % 45 27 2% 2 6 u 18
Ne-1 C 12 4 31 1 0 0 1 0
Nipy =N =Gy . C, 4 0 2 0 0 0 0 0

Source: Dietz K. The first epidemic model: A historical note on P.D. En’ko.

Austral J. of Statist., 30A, 1988.
49

Some historical figures and ideas

William Hamer (1906): Recurrence of measles

Discrete time model

Incidence is related to the product of
prevalence times susceptibles

“"Mass Action”

50
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Some historical figures and ideas

John Brownlee (1907)
Sought to quantify “infectivity”
Suggested infectivity changes over time

Diagram IV

[
Cholera Deaths.
London, 1832
+200.

A

D
\
\
\
\
\
{
—
/ gt MBI

Fed. 28 Mar. 5 Mar, 22 Mar, W Mar, 20 Ap 2 Ap 9 Ap 10 Ap 23 Ac‘.la May T

Source: Fine, PEM. John Brownlee and the Measurement of Infectiousness.
J.R. Stastist. Soc. A, Vol. 142, No. 3 (1979)
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Some historical figures and ideas

Ronald Ross (1911): Suggested malaria could
be eradicated by reducing mosquitoes

Used models to explore this claim

Not necessary to eliminate all mosquitoes
First to explore "mass action” in continuous
time (e.qg. dy/dt = ky(1 — y), y = prevalence)

“As a matter of fact all epidemiology, concerned as it is with the
variation of disease from time to time or place to place, must be
considered mathematically, however many variables are implicated if it
is to be considered scientifically at all.” R. Ross.

N. Bacaér, A Short History of Mathen matic al Population Dynamics, Fine, PEM. John Brownlee and the Measurement of Infectiousness.

DOI 10.1007/978-0-85729-115-8_4, © Springer-Verlag London Limited 2011 IR Stastst So6.A. Vo 142, No 30979) 52
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Some historical figures and ideas

A. McKendrick (1927) & W. Kermack (1927)
Deterministic epidemic models ds

Epidemic threshold Jf[ ‘j“‘
dl/dt = I(t) (aS(t) - b) (% = aSI—bl,
If S(o) <b/athendl/dt<o - =bl.

- infection dies out s e v

If S(o) > b/a then dl/dt >0
Infection spreads
Ro = Basic reproductive ratio

N. Bacaér, A Short History of Mathematical Population Dynamics,
DOI 10.1007/978-0-85729-115-8_4, © Springer-Verlag London Limited 2011
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Some historical figures and ideas

William Farr (1840) Curve fitting

P.D. En’ko (1889) Discrete time model
W. H. Hamer (1906)

J. Brownlee (1906)

R.A. Ross (1911)

A. McKendrick (1927)

W. Kermack (1927)

Many others

54
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Mathematics

Epidemiology

Hippocrates

forisms

L1. Life is short and the art fong; the occasion fiseling,
experience fallacious, and judgement difficull.

#1.39. Old people, on the whole, have fewer complaints than
young; but those chronic diseases wiich befall them generally
riever leave them.

il.44. Persons who are very fal are apt to die earlier than those
who are slender

From: The Genuine Works of Hippocrates, {ransfated from the
Greek by Francis Adams, New York, Witliam Wood & Co.,
1891.

Slide courtesy of Warren Winkelstein 56



